Question # 1 (18Marks)

1. Identify the high frequency limitations of conventional tubes and how these
limitations are improved by microwaves tubes (4Marks).

- The conventional tubes such as triode, tetrodes, and pentodes can be used as
amplifiers and oscillators more efficiently. But these conventional fubes cannot
used as amplifier or oscillator at high frequency (>*1000MHZ) because at higher
frequencies output drops off

The factors of contributing of output at UHF are

1. Circuit resistance |

a) Inter electrode capacitance

b) Lead inductance

2. Transit time effects

3. Cathode emission plate heat dissipation area

4. Power loss due to skin effect, radiation and dielectric loss

3. Gain band width product.

2. What should be the spacing between the buncher and the catcher cavities in
order to achicve 2 max degree of bunching, with analysis? Give the drawbacks of
kilystren amplifiers. (7Marks).
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Figure 9:2-8 Bunching distance.

The distance from the buncher grid to the location of dense electron bunching
for the elcctron at ¢, is

AL = wofty — 1)

Similarly, the distances for the electrons at f2 and fc:
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From previous Eqs: the minimum and maximum velocities are: ‘
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,Pﬁ It should be noted that the mutual repulsion of the space charge is neglected, but
the qualitative results are similar to the preceding representation when the
effects of repulsion are included. Since the drift. region is field free, the transit
time for an electron to travel a distance of L as shown in Fig.

where the binomial expansion of {| + x)'l for I x| « 1 has been replaced and 7o =
LAvo is the de transit time. In terms of radians the precedlng expression can be
written
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is the de transit angle between cavities, V is the number of electron transit
eycles in the drift space, and X is defined as the bunching parameter of a
klystron

- The drawbacks of klystron amplifiers. ¢ Z)
1. As the oscillator frequency changes then resonator frequency alse changes and
the feedback path phase shift must be readjusted for a positive feedback.

2. The multicavity Klystron amplifiers suffer from the noise caused because
bunching is never complete and electrons arrive at random at catcher cavity.
Hence it is not used in receivers

Question # 2 (18 Marks)

1. Explain the operating principle of reflex Klystron, clarify the flowing, Why do
different modes of operation exist for a reflex and How does bunching occur in a
reflex klystron? What are the assumptions for calculation of RF power in Reflex
Klystron? (6Marks).

- It works on the principle of velocity modulation and current modulation. The
operating principle of reflex kiystron is clearly explained from the following figure
(explain bricfly)

Why do different modes of operation exist for a reflex?

- There are several combinations of repeller voltage and anode voltage that provide
favourable conditions for bunching. Accordingly there may exist several modes of
operation, expressed by N + % where N is an integer.

How does bunching oceur in a reflex klystron?

A reference electron passing the gap when the gap voltage is zero travels with no
change in velocity. An electron leaving the gap earlier during slightly positive voltage
would travel further into repeller space and hence would take longer time then the
reference e to return to the gap. An electron leaving the gap later will face slightly
negative voltage & gets retarded. So itreturns back after a shorter travel in the
repeller space. Thus all the electrons would arrive back to the gap in bunches.
Bunching around reference electron takes place once per cycle of RF oscillations.
“What are the assumptions for calculation of RF power in Reflex Klystron?
i) Cavity grids and repeller is plane parallel and very large in extent.

ii) No RF field is excited in repeller space

iii) Electrons are not intercepted by the cavity anode grid.

iv) No debunching takes place in repeller space.
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2. Drive an expression for the round trip transit time in the repeller region "T™

of the reflex klystron cavity. (6Marks).

- The analysis of a reflex klystron is similar to that of a two-cavity klystron. For
simplicity, the effcct of space-charge forces on the electron motion will again be
neglected. The electron entering the cavity gap from the cathode at z = 0 and time 70
is assumed to have uniform velocity

vo = 0.593 % 10VV,

The same electron leaves the cavity gap at z = d at time # with velocity

v(é.}‘ s f;ajil -+ illle sin (mr, —_ %)]

The same electron is forced back to the cavity z = d and time tz by the retarding
electric field E, which is given by
Vi + Vo + Vi sin (we)

E = F3




This retarding field £ is assumed to be constant in the z direction. The force equation
for one electron in the repeller re gion is
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where E = -4V s used in the 7z direction ouly, Vr is the magnitude of the repelier voltage, and
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On the assumption that the electron leaves the cavity gap at z = o and time # with a
velocity of v{#) and returns to the gapatz = dand time &, then, att = 5, 7 = ¢,
2ml

On the assumption that the electron leaves the cavity gap at z = d and time ¢, witha
velocity of ¢(4) and returns to the gap at z = dand time &, then, atr = 1, 7 = d,
""{’(V,- -+ Vn} :
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The round-trip transit time in the repeller region is given by
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is the round-trip de transit time of the center-of-the-bunch electron,
Muitiplication of Eq. (9-4-7) through by a radian frequency resuits in

(9-4-8)
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where
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is the round-trip dc transit angle of the center-of-the-bunch electron and
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Question # 3 (17 Marks)
1. Sketch the TWT diagram, clarify the flowing, what is the purpose of slow
wave structures used in TWT amplifiers? How are spurious oscillations

generated in TWT amplificr? Statc the method to suppress it. (7Marks).

Slow wave structures are special circuits that are used in microwave tubes to reduce
wave velocity in a certain direction so that the electron beam and the signal wave can
mteract. In TWT, since the beam can be accelerated only to velocities that are about a
fraction of the wvelocity of light, slow wave structures are used.
In a TWT, adjacent turns of the helix are so close to each other and hence oscillations
are likely to occur. To prevent these spurious signals some form of attenuator is
placed near the input end of the tube which absorb the oscillations.
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Question # 4 (17 Marks)

Explain the principle operation of the magnetron cavity, (Sketch the diagram),
what is the magnetron operation mode and How ensure to operate in it?
(6Marks).

Working principle:




Magnetron is a cross field device as the electric field between the anode and
the cathode is radial whereas the magnetic field produced by a permanent
magnet is axial.

A high dc potential can be appiied between the cathode and anode which
produces the radial electric field.

Depending on the relative strengths of the electric and magnetic fields, the
electrons emitted from the cathode and moving towards the anode will
traverse through the interaction space.

In the absence of magnetic field (B = 0), the electron travel straight from the
cathode to the anode due to the radial electric field force acting on it as given
by the path ‘a’ in the following figure. ._

If the magnetic field strength is increased slightly, the lateral force bending the
path of the electron as given by the path *4° in the following figure.

The radius of the path is given by, if the strength of the magnetic field is made
sufficiently high , then the electrons can be prevented from reaching the
anode as indicated path ‘¢’ in figure shown below.

The magnetic field required to return electrons back to the cathode just grazing
the surface of the anode is called the critical magnetic field (B.) or the cut-off
magnetic field.

If the magnetic field is larger than the critical field (B > B.), the electron
cxperiences a greater rotational force and may return back to the cathode quite
faster.

The various motion of electrons in the presence of different magnitudes of
magnetic field can be viewed in the following figures,




It is normal to keep operation of in the 7 -mode for good frequency stability also
magnetron operating in the 7 mode has greater power.

There are two main methods to keep magnetron operation in the © — mode :
1-Strapping (for Wavelength>3 cm)

2-Rising sun method (For Wavelength<3 cm)

. List the types of backward wave oscillator "BWOQ", then cxplain the
principle operation of any one of them (Sketch the diagram).
(6Marks). '

backward wawve oscillator (BWQO)

M-type BWO O-type BWO

* A backward wave oscillator (BWQ), also called carcinotron (trade name) or
backward wave tube, is a vacuum tube that is used to generate microwaves up to the
terahertz range,

« [t belongs to the traveling-wave tube family.

» It is an oscillator with a wide electronic tuning range

An electron gun generates an clectron beam that is interacting with a slow-wave
struclure. :

» It sustains the oscillations by propagating a traveling wave backwards against the
beam

* The generated electromagnetic wave power has its group velocity directed oppositely
to the direction of motion of the electrons.

* The output power is coupled out near the electron gun.
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Fig, Motvpe backwed wave exdiliator (M-carcinotion) with plriar periodic dedny Hae

* The M-type carcinotron, or M-type backward wave oscillator, uses crossed static
electric field E and magnetic field B, similar to the magnetron, for focussing an
electron sheet beam drifting perpendicularly to E and B, along a slow-wave circuit,
with a velocity E/B.

* Strong interaction occurs when the phase velocity of one space harmonic of the
wave 1s equal to the electron velocity.

* Both Ez and Ey components of the RF field are involved in the interaction (Ey
parallel to the static E field),

* Electrons which are in a decelerating Ez electric field of the slow-wave, lose the
kinetic energy they have in the static electric field E and reach the circuit.

* The sole electrode is more negative than the cathode, in order to avoid collecting
those electrons having gained energy while interacting with the slow-wave space
harmonic.,

Question # 5 (20Marks)

. Deseribe the operation of GUNN diode, and show how tuning it.
(4Marks).

Gunn diodes are also known as transferred electron devices, TED, are widely used in
microwave RT applications for frequencies between 1 and 100 GHz.

The Gunn diode is most commonly used for generating microwave RF signals - these
circuits may also be called a transferred electron oscillator or TEO. The Gunn diode
may also be used for an amplifier in what may be known as a transferred electron
amplifier or TEA.

As Gunn diodes are easy to use, they form a relatively low cost method for generating
microwave RF signals,

(runn diode basics

The Gunn diode is a unique component - even though it is called a diode, it does not
contain a PN diode junction. The Gunn diode or transferred electron device can be
termed a diode because it does have two electrodes. It depends upen the bulk material
properties rather than that of a PN junction. The Gunn diode operation depends on the
fact that it has a voltage controlled negative resistance.

A discrete Gunn diode with the active layer mounted onto a heat sink for efficient heat
transfer

The most common method of manufacturing a Gunn diode is to grow and epitaxial
layer on a degenerate n+ substrate. The active region is between a few microns and a
few hundred micron thick. This active layer has a doping level between 10"em™ and
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10"%m™ - this is considerably less than that used for the top and bottom areas of the
device. The thickness will vary according to the frequency required.

The top n+ layer can be deposited epitaxially or doped using ion implantation. Both top
and bottom areas of the device are heavily doped to give n+ material. This provides the
required high conductivity arcas that are needed for the connections to the device.
Devices are normally mounted on a conducting base to which a wirc connection is
made. The base also acts as a heat sink which is critical for the removal of heat. The
connection to the other terminal of the diode is made via a gold connection deposited
onto the top surface. Gold is required because of its relative stability and high
conductivity.

During manufacture there are a number of mandatory requirements for the devices to
be successful - the material must be defect free and 1t must also have a very uniform
level of doping.

The Gunn diode is not like a typical PN junction diode. Rather than having both p-type
and n-type semiconductor, it only utilises n-type semiconductor where electrons are the
majorily carriers.

The Gunn diode operation depends upon the very thin active region for its operation, 1t
forms an ideal low power microwave RF oscillator, although it may also be used as an
RF amplifier as well.

CGhunn diode operation basics

The operation of the Gunn diode can be explained in basic terms. When a voltage is
placed across the device, most of the voltage appears across the inner active region. As
this is particularly thin this means that the voltage gradient that exists in this region is
exceedingly high.

The device exhibits a negative resistance region on its V/I curve as seen below. This
negative resistance area enables the Gunn diode to amplify signals. This can be used
both in amplifiers and oscillators. However Guon diode oscillators are the most
commonly found.

2. Explain the principle operation of tunnel diode with sketch the energy band
diagram. (4Marks).

The tunnel diode is a negative-resistance semiconductor p-n junction diode. The
negative resistance is created by the tunnel effect of clectrons in the p-» junction. The
doping of both the p and » regions of the tunnel diode is very high-impurity
concentrations of 1019 to 1020 atoms/cm3 are used-and the depletion-layer barrier at
the junction is very thin, on the order of 100 Aor 10-6 cm. Classically, it is possible for
those particles to pass over the barrier if and only if they have an energy equal to or
greater than the height of the potential barrier. Quantum mechanically, however, if
the barrier is less than 3 Athere is an appreciable probability that particles will tunnel
through the potential barrier even though thev do not have enough kinetic energy
to pass over the same barrier. In addition to the barrier thinness, there must also be
filled energy states on the side from which particles will tunnel and allowed empty
states on the other side into which particles penetrate through at the same encrgy
level. In order to understand the tunncl effects fully, let us analyze the energy-band
pictures of a heavily doped p-n diode. the energy-band diagrams of
a tunnel diode.
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3. Drive an expression for the power gain of the tunnel diode amplifier when
connected it parallel with a resistive load? How cenvert it to oscillator system,

(4Marks).
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5.

Parallel lpading. It can be seen from Fig. 5-3-5(z} that the ouiput power in

the load resistance is given by
Ve o
Pmu e }%‘_ {5”3”5}

¥
One part of this oulput power 1§ generated by the small input power through the fun-
nel diode amplifier with a gain of A, and this part can be written
P
" AR
Another part of the output power is gencrated by the negalive resistance, and it is ex-
pressed as

Py {5-3-6}

P, = E,: {S'E”?]
Therefore
Ve
- 5-3-B}
ARy ¢ )
and the gain equation of 4 tunncl diode amplifier is given by
A= T (5-3-9)

When the negative resistance R, of the tunnel diode approaches the load resistance
Rz, the gain A approaches infinity and the system goes into cscillation.

4, How connected tunnel diode to a micrewave circulator to make a

negative resistance amplifier? (3Marks).

(3-3-11}

Figure $3-6 Tunnel diode connected
to eircidador

[xplain the working principle of IMPATT diode comparing with PIN and

shottkey diodes, and then identify the avalanche multiplication, (5Marks).

A theoretical Read diode made of an #%-p-i-p™ or p¥-n-i-n* structure has been ana-
hyeed. Tts basic physical mechanismm s the interaction of the impact jonization
avalanche and the transit time of charge carriers. Hence the Read-type diodes are

called IMPATT diodes. These diodes exhibit » differential negative resistance by two
effects: :

1. The impact ionization avalanche effect, which cavses the carrier curreat Jolr}

and the ac voltage o be out of phase by 9{°

2. The transittime effect, which further delays the external current £41) relative 12

to the ac voltage by 90°
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