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qgnﬂﬂ““‘ Tubes
n

X ;o ciodes: P entrodes and tetrodes are known as

ﬂ:fs are ﬂI"ll}' useful at low microwave FrEqUﬂntics, bes, These
ybe

' i The vacy
¢ active electronic device, capable of ac um tube was

. . tuﬂ" cont u.
jfying a small signal. It was invented in 1907 by pe R T bak
amp of the vaccum tube are shown in Fig. 3.1.1. asic

Plate current

==

Amplified
output
jﬂude‘:
Plate
+-
Grid - 300V typical
—] Cathode "1 Piate voitage
Input
signal
ol S Filament
X for power 6.3 or
H gid = 128Vac

. i be triode
Fig. 3.1.1 Functional <chematic diagram of Vacumme tu

o The filament heats up from applied ac. u' =
cathode to emit electron. Anode Plat? 1 by cathode. Due 10 the flow of
voltage and attracts the electrons emitted DY laks and
electrons between cathode and anﬂi& 1.;2?1. 1E-:l"'n'le load ma qent
amplified output is produced across § cuit. The intermediate COMP°
filtler, a modulation and dm“d“l_aum? mmch is to ':'3'_““'}1
between cathode and anode plate 18 i w‘d yoltage i varying
electrons by varying the @ltﬂ'gﬁ' When g
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of electrons between cathode and "

available for "“irrm,h
™

negative, then the larger Mo
: . ihes were
controlled and modulated. Ggmall vaccum I :
o been replaced by transistors.

and millivolt signals but hav
entional Tubes at Microwave Frequencies

3.1.1 Limitations of Conv ; ‘
s The size of electronic devices required for generation of microwaye ener
frequencies. Because of small Size, “,_;}f

hﬂnd’{ué

becomes very smaller al microwave
dre

devices increased the noise levels and results in lesser power
capacity. So, al the microwave frequencies, the microwave tubes

because they can provide higher output power, lesser noise, better reliabip,
with reduced output power levels. Due to some characteristies H_f
g

conventional tubes and transistors are not used at high frequencies meng:

below ;
i) Interelecirode capacitances

i) Lead inductance effect

i) Gain bandwidth limitation
iv}) Transit time effect

v) Skin effect

vi) Dielectric losses

i) Interelectrode capacitance

* The circuit shown in Fi
A g 3.1.2 shows the in .
the grid and the cathode (Cy) in Pmuel“i‘?:h““dﬂ capacitance betweer
feactance is given by the relation the signal source. The

Flg. 3.1,
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trode capacitance decreases th
i in[m‘EIEC : ! € reactance of in
, A ﬂ:qcs. As the frequency of the input signal Increases, the effet:h::]em“?:ﬁ
i"cmc,,;ie impgdan-:e of the tube decreases because of 3 decrease Bid to
._-;.tl'-t - of the interelectrode capacitance. When " he
reactd

the signal ;
ter than 100 MHz, then the reactance of the grid gnal frequency is

: : to cathode capacitance i
e that much of the signal is short circuited with the tube, Since the
&0

trode capacitances are eﬂe-::tivel}' in parallel with the tuned circuits, as
E]he[‘:wﬂ in above circuit, thE}F will also affect the ﬁEqUEI'IC}" at which the
s tuned

. it resonate. This effect is minimized by using the smaller electrodes and
Eﬂﬁcmﬁmg the distance between electrodes.
:rf

i) Lead inductance effect

The lead inductances within a tube are effectively in parallel with the
| interelectrode capacitances. The reactances is given by relation :

}:L=1Eﬂ—l

As the lead inductance increases, the reactance of the ;Id{:md;:lsuﬂiuiﬁﬁﬁ
I 1 imit of the tube. The inductance thode
. offect raise the frequency limit o ube. , . ey
Flle.}:; is common to both the grid and plate circults. T]."L:.E prc[v;; ;E:
degenerative feedback which reduces the overall circul E;fﬁﬂt s effect
is minimized by using the larger sized short leads withou P
15

lii) Gain bandwidth limitation

g vacc
* To achieve the maximum gai thEdR by R.
shown in Fig, 3.1.4. Replacing Rp &0 L

1,1
- V{;[S] = Zo (8)
G = Vifﬁj .
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Fig. 3 ; 1 _s’LCR+Ls+R
e Yu{sn=*‘35+i?s.'*ﬁ‘ Rl
Zpls)
s/C
Zofe) = S35 1
5 ""{':ﬁ"'l_,_'(_f

¢ equation of the denominator, the roots give ths Vi

characteristi
+ From the encies @) and @ q.

of lowest and highest frequ
& _J(BY. 1
W = ~3¢" [f] LC

__Gffey &
U = =3¢ e I8

G = 1R (conductance is always reciprocal of resistance)

Bandwidth = o, - ;= O whe_,e(_

The maximum gain at resonance is A= Sm
G
Gain bandwidth product = A - BW=58m . G _8m
e C

* As shown in above relation, b independer!
the g e b o
frequency. Higher gain for 3 Ejvm" pr:}duct;ﬂ}r by using the

narrow bandwidth, This restriction B ¢ circuit o
] [ ] C resonan

To obtain an overal] high PR . _
slow wave structures ype s gt width in microwave
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" V) Transit time effoct -
_L * Transit time is the tim
€ required for pl
g to travel fr::nm the cathode tg the annd:ct;i;?s
| 0 If we consider the circuit of a simple vaf:::u:::.
o T h:.rbe as shown in Fig. 3.1.5. When 'd’ is the
distance bEl:'WEE[l two  plates, 1[_.,, is plate
-:unen:, "ul’ Is applied input voltage, V, is
ou
345 T ransit-time effect EHEYRAES
g 31
jon for Transit Time : By detinition, Transit Time is given by :
calculd
— o T v, is velocity of electrons
Vo

Gratic energy of electrons = eV
Ej]lEﬁ-E EﬂEtg}’ f_'lf E:],Eft[gns = EV

L il
Kinefic energy of electrons = 5 M Vj
We know that under equilibrium state the static energy of electrons is equal to
=

iinetic energy of electrons.
1

2
= — W
eV 5 0
B 2eV
"-’n = _'m
5 d
2eV
m

_ s le because distance
* At low frequencies, the fransit time effect 13 peghahe
between anode and cathode is very sl ; as compared o
* But at higher freqmnn:ies; the transit 'u:me ulmge
of microwave signal. The poten ctron transmit.
alternate from 10 to 100 times during the el

ive half cycle dy,
The grid potential during the .negﬂg-l:e nﬁﬁ::rhalf cycle. Consequenty
Was given to the electron during rmi': the cathode grid 3 ce the overall
electrons may oscillates pack and fo . red

. o effects is to
the cathode, The overall result of transit 0
efficiency of the vaccum tube.
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!
Hon between electrodes can be dﬁ:,“‘\
To minimize this effec .| 'V' can be IncI :

and the plate to cathode

itroduces at high freq.uentifs, -...T}..Enﬂh;

nt flows from small cross-sectional area i,

curre

surface of the €00 d o
ckness of the conductor) am"&-ﬁi:

o, | th {wﬂﬂ thi J
:'::_Ieffiﬁve area over which the current flows,

E-:sldnde}jﬂl:m

Jo
B o= Ay
1
Aggg = TTE
Resistance is given by relation
!
R =_P
A off
R = pl-4f

: Aﬁ 'h.e frequency increases the resistance of the conductor increases, due 0
this higher frequency losses are produced.

vi) Dielectric losses

. I.'hese are :i.li.fferent insulating materials w "
silicon plastic encapsulations in different -.

- " r T .jn any
of these material is In genera| related g p :‘:, s
P=nf V2e, tang |
where & = Relative Permittivity of g4
b = |
LDEE anEIE of diElE‘."_‘t[‘ic i
P = me.r 1[:-55
* At higher frequencies, the POWer logs i il e losses e
Sl]IfﬂfE area ﬂf glﬂ-ﬂﬁ Ehuuld bE d -f' 5'-::'!-:"!_"1 ate ﬂﬁe
eliminate, e the tube base should

A Y
L
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