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? 3.1 Introduction
To amphfy the se]ecti\-re range of frequendies, the resistive load, R¢ is replaced by a
Emed arcuit. The tuned circuit is capable of amplifying a signal over a narrow band of
, equencies centered at f. The amplifiers with such a tuned circuit as a load are known as
. tuned amplifier.
The Fig. 3.1 shows the tuned parallel
I LC circuit which resonates at a particular
frequency. The resonance frequency and
iy L impedance of tuned circuit is given as,
C
- £ = 1,__ -~ @O
R _ 2nJLC
L
. and Z = TR . +(2)
Fig. 3.1 Tuned circuit The response of tuned amplifiers is
ain (dB)

maximum at resonant frequency and it falls
sharply for frequencies below and above

the resonant frequency, as shown in the
Fig.3.2.

As shown in the Fig. 32, 3 dB

bandwidth is denoted as S. The ratio of the
30 dB bandwidth (S)
bandwidth  (B)

» selectivity.
o

to the 3 dB
is known as skirt

0

Fig. 3.2 Frequency response of a tuned

At resonance, inductive and capaditive
amplifier

effects of tuned circuit cancel cach other.

As a result, drcuit is like resistive and
cos ¢ = 1 i.e. voltage and current are in phase. For frequencies above resonance circuit is
like capacitive and for frequencies below resonance it is like inductive. Since tuned circuit
is purcly resistive at resonance it can be used as a load for amplifier.

(3 - 1)

bandwidth is denoted as B and 30 dB
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o 3.1.1 Coil Losses

As shown in Fig. 3.1, the tuned circuit consists of a coil. Practically, coil is not purely

E inductive. Tt consists of few losses and they are represented in the form of leakage
resistance in series with the inductor. The total loss of the coil is comprised of copper loss,

i ‘eddy current loss and hysteresis loss. The copper loss at low frequencies is equivalent to
the d.c. resistance of the coil. Copper loss is inversely proportional to frequency. Therefore,

as frequency increases, the copper loss decreases. Eddy current loss in iron and copper coil

are due to currents flowing within the copper or core cased by induction. The result of

eddy currents is a loss duc to heating within the inductors copper or core. Eddy current
losses are ‘directly proportional to frequency. Hysteresis loss is proportional to the area
enclosed by the hystercsis loop and to the rate at which this loop is transversed. It is a
function of signal level and increases with frequency. Hysteresis loss is however

' independent of frequency. \

L R As mentioned earlier, the total losses in the coil or

inductor is represented by inductance in serics with

Fig. 3.3 Inductor with leakage lcakage resistance of the coil. It is as shown in Fig. 33.

resistance
3.1.2 Q Factor

Quality factor (Q) is important characteristics of an inductor. The Q is the ratio of
reactance to resistance and therefore it is unitless. It is the measure of how ‘pure' or 'real
. an inductor is (i.e. the inductor contains only reactance). The higher the Q of an inductor
the fewer losses there are in the inductor. The Q factor also can be defined as the measure
of efficiency with which inductor can store the energy. The dissipation factor (D) that can
be referred to as the total loss within a component is defined as 1/Q. The Fig. 3.4 shows
the quality factor equations for series and parallel circuits and its relation with dissipation
factor.

Series circuit Inductive impedance
Rs L . wlg
o—ANN—TT—>
RS
Parallel circuit Inductive admittance
L
r_._.maw——“ R
olp
O—4 —oO
Ro
L WWA——

Fig. 3.4 Quality factor equations
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Quality factor equation Q = —= = —=% =

3.1.3 Unloaded and Loaded Q
Unloaded Q is the ratio of stored encrgy to dissipated energy in a reactor or rcsonator.
The unloaded Q or Qy, of an inductor or capacitor is X/K,, where X reprcsents the
reactanf:e and R, represents the series resistance. The loaded Q or Q, of a resonator is
determined by how tightly the resonator is coupled to its terminations.
Let us consider the tuned load
: circuit as shown in the Fig.35.
L Here, L and C_ represents tank
: circuit. The internal circuit losses of
l——— i R, inductor are represented by R, and
N R represents the coupled in load.
§ For this circuit, we can write
Re o, L o, L
= 2 _and =: 2
R = o, ™ Rc=7
where Q,; is unloaded Q and
Fig. 3.5 Tuned load circuit Q, is loaded Q. ’

The circuit efficiency for the above tank circuit is given as,

. IZ R'C B QU

= - x100 %
I2 (Re+R,) Qu+Qr

‘q::

From above equation it can be easily realized that for high overall power efficiency,
the coupled-in load R should be large in comparison to the internal drcuit losses

represented by R, of the inductor.
The quality factor Q determines the 3 dB bandwidth for the resonant circuit. The 3 dB

bandwidth for resonant circuit is given as,

f
BW = =
QL

- where f represents the centre frequency of a resonator and BW represents the
bandwidth.

If Q is large, bandwidth is small and drcuit will be highly selective. For small Q
values bandwidth is high and selectivity of the circuit is lost, as shown in the Fig. 3.6.
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Voltagei Thus .in tuned amplifier ¥
gain Q is kept as high as possible
«—Response to get the better selectivity. it
for low Q

Such tuned amplifiers are o
used in communication or

i P Response broadcast receivers where it
it i fornighQ is necessary to amplify oply
Do b selected band of frequencies, .
o * Frequency M
) fuufe & fuz s
Fig. 3.6 Variation of 3dB bandwidth with variation in
" quality factor s, it .
3 1.4 Requirements of Tuned Amplifier ' ' :

The basic requirements of tuned amplifiers are :

* The amplifier should provide sclectivity of resonant frequency over a very
narrow band.

The signal should be amplified equally well at all frequencnee in the selected
narrow band.

The tuned circuit should be so mounted that it can be &asﬂy tuned. If there are-

- more than one circuit to be tuned, there should be an arrangement to tune all
circuit simultaneously. '

The amplifier must provide the simplicity in tuning of the amplifier components
to the desired frequency over a considerable range or band of frequendies.
3. 1 5 Classification of Tuned Amplifi fer

We know that, multistage amplifiers are used to obtain large overall gain. The
‘cascaded stages of multistage tuned amplifiers can be categarized as ngen below

e Single tuned amplifiers
e Double tuned amplifiers
e Stagger tuned amplifiers.

These amplifiers are further classified accordmg to couphng used to cascade the stages
of multistage amplifier.

e Capacitive coupled

e Inductive coupled ‘

e Transformer coupled.
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Elegtronic Circuits - II 3-5 Tuned Amplifiers

3.2 Small Signal Tuned Amplifier

dA dlrfommon emitter amplifier can be converted into a single tuned amplifier by
including a parallel tuned circuit as shown in Fig. 3.7. The biasing components
shown for sunphaty & i e met

+Vcc

[ luctor
Fig. 3.7 Single tuned transistor amplifier .

Before going to study the analysis of this amplifier we see the several practical
assumptions to simplify the analysis.
Assumptions : '

1. Ry << R¢

2.1, =0 L

. With these. assm_nptxons, ﬂTe simplified eqmvalent circuit for a single tuned amphﬁer is
-s shown in Flg 338.

lic . | i ng - L~ CR Vb‘e‘ foe
T

‘ Fig. 3.8 Equivalent circuit of single tuned ampliﬂef
where Cq = CX¥C + (1 + B ‘Rl)_;C ‘o

eq
T TTT— —

C’ : Extérnal éapacitance used to tune the circuit

(1 + g R) G, : The Miller capacitance

r, : Represents the losses in coil

Scanned by CamScanner



.:g e P v % ‘,.,;f. .‘r‘ vt
- ik 40 (2 e e e T
Electronic Circulits - |} 3.6 Tu
. ned Amplifiers

Th‘e secl;els RL circuit in Fig. 3.7 is replaced by the equivalent RL circuit in Fig. 38
assuming losses are low over the frequency band of interest, i.e., the coil Q high.

Q = °:—L>> 1 )

<

The conditions for equivalence are
most easily established by equating the

L admittances of the two drcuits shown in
Fg. 39.
=== '8
e Y, = 1_ — = T —jol
CHol 212 -
-4 . O n  jeL
Fig. 3.9 Equivalent circuits 2+l r2re??
1
Yy = e 4.1 - .
1 mIL2+imL A (:)L>?rf&omequahm(l)
1 1
Y = ——+.—
2 R, " joL

-. Therefore, equating Y, and Y, we get,

ey _1. X
o2 joL ~ R, joL

1 L
_or __1 X
T oroe?? r Q?
R, = r. Q2 = 0LQ, v oL = Q r. from equation (1) ... )
Looking.at Fig. 3.8 we have,
R = | Ryl rye BN}

The current gain of the amplifier is then
~8mR ~gmR @

A= 1+j(0RC-R/wL)  1+jo,RC(w/ o,-0, / )

1

9
where (l)‘: = —=
vher ) c
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Wedeﬁnetherfthetlmedcircuitattherrsonantfreqxem.ymotobe

R
®,L

=, RC

— 8mK

1+jQ;(0/ 0, -0, / o

@, , gain is maximum and it is given as,

Q
Ai

At ()
-~ A; tmax)

--A5)

-A6)

Dmﬁg.&lﬂshowsﬁmgahmsus&equmcyplotﬁorsingehmdampﬁﬁa.uﬂnws
thevaria(ionofﬂ\emagnitudeofﬂ\egainasaﬁmcﬁmofﬁ'equency-

[ p——

.- (8)

o o, oy =
- Fig. 3.10 Gain versus frequency for single tuned amplifier
At 3 dB frequency,
| _ g=R
[A] 7z
. At 3 dB frequency
1+jQ @/ @)=(0, / ¥] = V2
2
' 2 @ _ D) _
1+Qi (a)o m) 2_

This equation is quadratic in @ and has two positive solutions, ®,; and ®,. After
solving equation (8) we get 3 dB bandwidth as given below.

P (9, 1
BW = fu =i =9nq; = 2mRC o
N . 24 L/'—é?-&-
1
BW = 52RC

)]
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mmp Example 3.1 : Design a single tuned amphﬁer for following specifications :
1. Centre frequency = 500 kHz
2. Bendwidth = 10 kHz

Assume transistor parameters : g, = 004 S, h, = 100, Cy,, = 1000 pF and
Cy = 100 pE. The bias network and the mput resistance are adjusted so that 1, = 4 kK

and R, = 510 Q.
Solution : From equation (9) we havc,
‘1 s
BW = 7zwC - -
-~ RC = 1 .

2RBW  27x10x10%

= 15912 x10°¢ *
From equation (3) we have,
R = IR, ||y -

where r = 4kQ _
h, 100 '
rbe = gn‘ﬂmqmg
Q.
Rp = Q‘m°L=m0C
. _ Q.
R = G
C = LI
2 x10x10° XR
1
C = 9
102 x| 4x103{| 2500 <
2mx10x10 [ 1125001 2nx500x-103-xc]

The typical range for Q. is 10 to 150. However, we have to assume Q such that value

of C, should be positive. Let us assume Q = 100.
1

C = ,
N 1
2 x10%10 [me.su e
3 1
|
2 x10x10- . ‘
: |
U538 5+21t><:>000><C
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Solving for C we get,

C = 0.02 pF
We have,
C=C+C, + (1 + g, RY Cpp,
C =C-IG.+(1+g,R)Cyll
= 0.02 x 10" ° - {1000 x 10" %+ (1 + 0.04 x 510) x 100 x 10~ 2]
- C’ = 001686 uF
We have,
1
@ = I= ‘ ‘ -
g L= 1 _ 1
0ZC  (2rx500%103)2 x0.02x10¢
= 5pH

From equation (2) we have,
R, = 0L Q, =27x500x10° x5 x 10" x 100
= 1570 Q
R =5 R, Il 1y,
= 4 x 10° || 1570 || 2500

777
We have mid frequency gain as,
Ajax = ~ BuR=(-008) 777) = - 31
3.3 Single Tuned FET Amplifier
The Fig. 3.11 shows the single tuned FET amplifier.

- +

D

Fig. 3.11 Single tuned FET amplifier
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The equivalent circuit for the given amplifier is as shown in the Fig. 3.12.

a7Cga(149lr IR
: LI — °s
"r{! c D i :ILC Rp gl.' \_Ia! J‘azcgs% #gmvg Tas Re Vi
4 o — ° d / : —o0 —
-Fig. 3-.12 Equivalent circuit of single tuned FET amplifier -
The voltage gain is given by,
A, = —ag, @l RY I(n I Ry)/ x] - (1)
where
G = 2’ [Cg + Cgy [1 + g, (e | RO - @
Q = o GIR) (C+O) -G
S - @
mf) = L‘C"‘“Ci) .
At centre frequency, ie., at ® = @, gain is
Ay max = — 2 8n (e | RY) % .. 5)
max &m Tas r; +Rp
The 3 dB bandwidth is given by,
- - (6)

BW = @R ©+C)

3.4 Single Tuned Capacitive Coupled Amplifier

WVee Single tuned multistage amplifier
circuit uses one parallel tuned circuit as a
load in each stage with tuned circuits in

all stages tuned to the same frequency.
Fig. 3.13 shows a typical single tuned

amplifier in CE configuration.

As shown in Fig. 3.13 tuned circuit
formed by L and C acts as collector load
and resonates at frequency of operation.
Resistors R,, R, and R; along with
capacitor C; provides seclf bias for the

circut.

Fig. 3.13 Single tuned capacitive coupled
transistor amplifier

-
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1 | SR ) l ! ‘
e l :
L :

. v %n

Fig. 3.14 Equivalent circuit of single tuned amplifier

The Fig. 3.14 shows the equivalent circuit for single tuned amplifier using hybrid z

As shown in the Fig, 3.14, R; is the input resistance of the next stage and R_ is the
output resistance of the current generator g,Vy, . The reactances of the bypass capacitor C;
and the coupling capacitors C¢ are negligibly small at the operating frequency and hence
these elements are neglected in the equivalent circuit shown in the Fig 314

The equivalent circuit shown in Fig. 3.14 can be simplified by applying Miller's
theorem. Fig. 3.15 shows the simplified equivalent circuit for single tuned amplifier.

Fig. 3.15 Simplified equivalent circuit for single tuned amplifier
respectively. They can

Here C, and Ceq represent input and output circuit capacitances,

-.(1)

be given as,

C =C,, +Cp.(1-A) where A is the voltage gain of the amplifier.

Ceq = Cpe (i\-;—])+ C where C is the tuned circuit capacitance. . (2)
The g, is represented as the output resistance of current generator g V,. .
!
- ()

- —

1
gce_}:_hoe—gmhrc" Ro
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L paralied esprngin The comditicmn $om optrosioone ace want

eanily cutablihud by aqusticg Be sde Nerves of e ten
» B cireaite thown in Fig 316

Mmdhm-m‘ﬂ.hm,

Fig. 316 —— N
M T
Mulﬁiyﬁgmmﬁm.!ddmm&\mbyl = jol. we got,
Y = l_-_l_’l, ___.l_____. yi

K ewl! B aeill ¥ <@l
| 4 jrL

T W el w® s@l)

LD
kK, ol

)

P? 4 0?12
where Rp = —5 . Y

and [,r - VWVUPT; %)

Centre frequency

The centre frequency or resonant frequency is given as,

1
[ = S (O3]
' fﬂ‘/l.' Cou
R7sw’t’?
where | y
r o'l
(A
and G " (M( . ‘0( o
C +C

o

Therefore, C,_ is the summation of wansistor eutpet capaclance and fhe tuned ot
capacitance

Quality factor Q
The quality factor Q of the conl at resonance s grven by

o |

a"’
Q K
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wlﬂea,"sﬂ'ncaxhefrequa\cymmﬁeqnuty.
.Ilﬁsqlnﬁtymisals)ulhdmﬂmdedQ.Butinpncﬁm,mm
m“mmdmmpaﬁmawhﬂ\emmmwy
ﬁcﬁxhﬂndiglmdisalhﬂastdeitmbegivmasfdhws:
HweQdﬂemﬂismnyhrgesoﬁatmL>>Rh&eﬁeqnerqnngeo(openﬁm.
From equation (4) we have, -
R +&’[2 _ . &*L?

R, = a R+ —
e?12 @212
As R >>1, Rp - — )
From equation (3) we hawve,
R +e’l2 R
L PS TR T
=L --eL>>R . Q0)

ﬁnmequaﬁcma).WEcznexpresRFatmas.

o?
R, = R
= 0,QL wQ="¢ )
Therefore, Q, can be expressed interms of R as,

The effective quality factor including load can be calculated looking at the simplified
equivalent output dircuit for single tmed amplifier.

where R =R, I R IR,

GxVie —7-Ceq !.p =L R,

Fig. 3.17 Simplified output circuit for single tuned amplifier
] Susceptance of inductance L or capacitance C
Effective quality factor Qs = Conductance of shunt resistance R,

R
= SporecyR, - (13)
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Volitage gain (A))
The voltage gain for single tuned amplifier is given by,

) ¢ R
Av = - Ye t
e Ty 142Q0

Sehere R, = RJIRIR;
d = Fraction variation in the resonant frequency

A, (at Tesonance) = -g twrliel’b- XR,
e
. I A, _ 1
A, (atresonance) Jl +(25Q5)"

3 dB bandwidth '
The 3 dB bandwidth of a single tuned amplifier is given by,
1

Af =
2nR, C
-— wl’ .e -
= 7rqQ, ~QE=oRGy
-k =2
Qs CQ=2n f

»=) Example 3.2 : A single tuned RF amplifier uses a transistor with an output resistance of
50 K, output capacitance of 15 pF and input resistance of next stage is 20kQ. The tuned

.. (14)

.. (15)

... (16)

circuit conststs of 47 pF capacitance in parallel with series combination of 1 uH inductance

and 2 Q resistance. Calculate
i) Resonant frequency
ii) Effective quality factor
iti) Bandwidth of the circuit
Solution : i) Resonant frequency £, is given as,
f = 1

2 fLC,
1

271 JTpHX (15 pF+ 47 pF)

= 202 MHz
ii) Effective quality factor is given as,
Qdf = ercq RI

= 2mf, C X (R, IR, IIR;)
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where R, = oll? _ (27X 202x106)2 (1 x10-%)2
R p2 R
= 80540
Qg = 2mx202x10° x(15pF + 47 pF)x (SO K |; 8.054 K || 20 K)
= 4052

ii.i)Bandwid&lofthedrcuitisgivmas,
BW = _fr _ 202x106
Qg 4052

= 4985 kHz

1) Example 3.3 : A single tuned transistor ansplifier is used to awplify modulated RF carrier
of6%kHzmdbtfrdwid&of155ﬁ1hedra&th¢satdd0ﬂp:dMR,=mm
mdautputmpaatanmC,:SOpF. Calculate values of inductance and capaciience of the

tuned circuit.
Solution : Given : £ = 6001
BW = 15KkHz
R, = 20kQ
C, = 50 pF
Cq = GOPF+Q)
Qu = ;_‘gvz%ﬁ%
= 40
i) We know that,
Qi = o,C4 R
" C_ = Qe - . 40
-~ eq o, R, 2nx600x103x20x103
~ = 5305 pF
Ceq = (50 pF+ O) )
C = 5305 pF - 50 pF
= 480.5 pF
ii) We know that, 1
1 1
L = (2= fr)2 Ceq - (27 x 600x 103)2 x 5305% 102
= 132.6 uH
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3.5 Double Tuned Ampilifier

Fig. 3.18 shows double tuned RF ifier {i
amplifier in CE configuration. H
developed across tuncd circuit is i i other tunc'ﬂgu p ot s
b oupled inductively to circui
circuits are tuned to the same frequ . . TE ’ b fanes

I+Voc | T Wee

T i
T

Fig. 3.18 Double tuned amplifier

The double tuned circuit can provide a bandwidth of several percent of the resonant
frequency and gives steep sides to the response curve. Let us analyze the double tuned
circuit.
Analysis

The Fig. 3.19 (a) shows the coupling section of a transformer coupled double tuned
amplifier. The Fig.3.19 (b) shows the equivalent circuit for it. In which transistor is
replaced by the current source with its output resistance (R,). The C, and L, are the tank
circuit components of the primary side. The resistance R, is the scrics resistance of the
inductance L,. Similarly on the secondary side L, and C, represents tank circuit
components of the secondary side and R, represents resistance of the inductance L,. The
resistance R; represents the input resistance of the next stage.

The Fig. 3.19 (c) shows the simplified equivalent circuit for the Fig. 3.19 (b). In
simplified equivalent circuit the series and parallel resistances are combined into series

elements. Referring equation (9) we have,

(1)2 L: mZ LZ
= e jie. R= ——
B 1.e R_p

where R represents series resistance and R, represents parallel resistance.
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(c)
Fig. 3.19 Equivalent circuits for double tuned amplifier

Therefore we can write,

w212

Ry = 102 1+R1
(o]
w? 12

Ry; = ;{ 2+R2

- Scanned by CamScanner
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In the simplified circuit the current source is replaced by voltage source, which is now
in series with C,. It also shows the effect of mutual inductance on primary and secondary

sides.

L
We know that, Q = _w_;{_

Therefore, the Q factors of the individual tank circuits are

L
w, Ll and Qz = %{__& . ".(1)
2z

Q)=

1

~ Usually, the Q factors for both circuits are kept same. Therefore, Q, = Q, = Q and the
resonant frequency w? = 1/L; C, = 1/L,C,.

Looking at Fig. 3.19 (c), the output voltage can be given as,

) | e

Vo=" 12

©, CZ

_ To calculate V_/V, it is necessary to represent I, interms of V;. For .this we have tht:
find the transfer admittance Yy. Let us consider the circuit shown in Fig. 320. For

circuit, the transfer admittance can be given as, 4

Z-Z Zo-Z o
1 oA 2
_.>[1 -1
Vi Z Va4
10 * ;
Fig. 3.20
Y. = 12 . L—’_ =_:A..i.
TV, LhZy 7y
Z, o
- Z%—Zl (Z°+Z])
v, Z; q
where Zy = .IT_Z"—Zoﬂ‘ZL an
I‘a —Z{
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The simplified equivalent circuit for double tuned amplifier is similar to the circuit
shown in Fig. 3.20 with

z = joM

Z = Ru*'i(m[fx‘z,—l(fl')

Zo+ 2 = Ry +j(al, i)

The equations for Z;, Z; and 7, + Z; can be further sxmphﬁed as shown below.

7 = jaM=jo kT

where, k is the coefficient of coupling.
Multiplying numerator and denominator by ®,L; for Z; we get,

R, o, L L, 1
4 = 1(:)1.,l+mL‘(le mC,(n,Iq)

¢

I
£
iy

+
e
'y

N
le
|
|

N’
@)

I
£
-
2
-
W
£
0

]
£
-
-t

+
[—}

15}
__‘["‘
-

N
<

le
|
1}
bd
+
on
|
brory
|
)
1l
N
[=4]

= _ﬁ%"—+(1+j2Q6)

1

" 1
By doing similar analysis as for Z; we can write, B

Z, +Z = 2‘6[11+(1+j2Q5)
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Then
Y = Z - 1
T o7, @t 7)) Zi-Z Gt ZU/ Z
YT = 1
'QL1 (1+12Q8){ e Ly (1+,2Q5)ﬂ
jo, kJL, L
* jor ki,
2
Yr o= K2 e (3

oL, L, [4Q8—j(1+ kK*Q? -4 Q? §?)]

Substituting value of{l,, ie. V; X Y; we get,

\Vs ; -j jgm VJ. [ sz
° _wrcz o G | o JT; T, [4Q5-j(1+ k*Q*-4Q? %]
. i8m V1
] sV = o
o V _ sz' - \
Av V = B 0% L L‘L;,,[L,‘ L,[4Q8-1(1+KQ*-4Q?3%)} |
’ ' 1
A ?,)r——c-—- (l)rL
- Bm Oy L; KQ® @
4Q8-j(1+k*Q2-4Q2352)
Taking the magnitude of equation (4) we have,
— k
1A, = gm0, T T;Q 9 e

J1+k2Q? -4 Q282 +16 Q2 82

The Fig. 3.21 shows the universal response curve for double tuned amplifier plotted
with kQ as a parameter.

The frequency deviation & at which the gain peaks occur can be found by maximizing
equation (4), i.e.

4Q8-j (1+k*Q?-4Q3%8%) = 0 ... (6)
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We know that, the 3 dB bandwidth for single tuned amplifier is 2 £,/Q. Therefore, the
3 dB bandwidth provided by double tuned amplifier (3.1£,/Q) is substantially greater than
the 3 dB bandwidth of single tuned amplifier.

Compared with a single tuned amplifier, the double tuned amplifier
1. Possesses a flatter response having steeper sides.
2. Provides larger 3 dB bandwidth,

3. Provides large gain-bandwidth product.

3.6 Eﬁ?ct of Cascading Single Tuned Amplifier on Bandwidth ‘

In order to obtain a high overall gain, several identical stages of tuned amplifiers can
be used in cascade. The ‘overall gain is the product of the voltage gains of the individual
stages. Let us see the effect of cascading of stages on bandwidth.

frequency f. is given from equation (14) of section 3.4.
' A, | _ 1
A (atresonance)| J1+(25Q )2

Therefore, the relative gain of n stage cascaded amplifier becomes

A r':[__r__]": l
lAv(at "esom)l ‘,1+(28Qeﬂ)2 [1+(28Qeﬁ)2]%

The 3 dB frequendies for the n stage cascaded amplifier can be found by equating
A, [
A (atresonance) . f3

] A, " 1 1

A (atresonance} B

=4

[1+8Q)?]F V2

[1+(26Q ]2 = 22

]
N

[1+(28Q4)?]"
. 1+(286Q_)? = 2n

28Q,, = *y2n-1
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Substituting for 6, the fractional frequency variation, L.e.

§ =

2(“r )Qc“ -
2(f~£) Qg =
| f-f, =

Let us assume f; and f, are the lower 3 dB and upper 3 dB frequend&s rwpecﬁvely.

Thenwe have
f,b-f =
fl'— f] =

©-©, f-f

T, f,
f L
tyY2n -1
]
+ £y2n -1

21\

zQeﬂ

2!\ ~ 1 and similarly,

2Ql.(f
f 1
27~ |
zQelf ;

The bandwidth of n stage identical amplifier is given as,

BW, =

n

fp-fi=E-6)+¢E-f)

fe \)2n—1+2Q 2% -1

ZQeff

f 3
f-y2n -1
chf
1

- Q)

where BW, is the bandwidth of single stage and BW,_ is the bandwidth of n stages.

mmp  Example 3.4 :

The bandwidth for single tuned amplifier is 20 kHz. Calculate the

bandwidth if such three stages are cascaded. Also calculate the bandwidth for four stages.

Solution :

BW, =

n

]

i) BW,

i) We know that,

T 1
BW, \/;F -1= 20x103x\I2§ -1

10.196 kHz

e ~

I
ZOXIOSX\,Zs -1 = 8.7 kHz

The above example shows that bandwidth decreases as number of stages increase.
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3.7 Effect of Cascading Double Tuned Amplifiers on Bandwidth

When a number of identical double tuned amplifier stages are connected in cascade,
the overall bandwidth of the system is thereby narrowed and the steepness of the sides of
therspmseismaeased,jtstaswlmsmgleunwdsmgamcasmdedmeq\mﬁ&ﬁve
relation between the 3 dB bandwidth of n identical double tuned critically coupled stages
compared with the bandwidth A, of such a system can be shown o be 3 dB bandwidth

for
1

1 4
n identical stages doubletunedamp]iﬁem:A,x(Z'i—l] ... (1)
where A, = 3 dB bandwidth of single stage double tuned amplifier
Key Point: The equation (1) assumes that the bandwidth A, is small compared with the

mwedp Example 3.5 : The bandwidth for double tuned amplifier is 20 kHz. Calculate the
bandwidth if such three stages are cascaded.

Solution : We know that for double tuned cascaded stages,
1
BW, = BW, x (22/» - )3

1
= 20K x (2/3- )%
=" 14.28 kHz

) Example 3.6 : A three stage double tuned amplifier system is to have a half power BW of
20 kHz centred on a centre frequency of 450 kHz. Assuming that all stages are identical,
determine the half power bandwidth of single stage. Assume that each stage couple to get
maximum flatness.

Solution : We get maximum flat response When each stage is critically coupled. When

stages are critically coupled we have

BW. = BW, x(2V» -1)¥4
BW, .

BW, = iy
For n =3
BW

BW, = — " —
(2113_1)1/4

_ o 20x10°
- (2113_1)1[4

= 28.01 kHz
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3.8 Staggered Tuned Amplifier '

We have seen that double tuned amplifier gives greater 3 dB bandwidth having
Steeper sides and flat top. But alignment of double tuned amplifier is difficult. To
overcome this problem two single tuned cascaded amplifiers having' certain bandwidth are
taken and their resonant frequencies are so adjusted that they are separated by an amount
equal to the bandwidth of each stage. Since the resonant frequencies are displaced or

tuned amplifier is to have a better flat, wideband characteristics in contrast with a very
sharp, rejective, narrow band characteristic of synchronously tuned circuits (tuned to same
resonant frequencies). ‘Fig. 323 shows the relation of amplification characteristics of
individual stages in a staggered pair to the overall amplification of the two stages. ;

o 10 \ 1.0
o 1

3 3

3 £

€ g.

s 0707 & 0.707

= o

= 2

> 3

x o

4 4
P2
(a) Response of individual stages - (b) Overall response of staggered pair ‘

Fig. 3.23

The overall response of the two stage stagger tuned pair is compared in Fig. 324 with
the corresponding individual single tuned stages having same resonant circuits: Looking at
Fig. 324, it can be seen that staggering reduces the total amplification of the ‘centre _
frequency to 0.5 of the peak amplification of the individual stage and at the ceritre
frequency each stage has an amplification that is 0.707 . of the peak amplification of the -
individual stage. Thus the equivalent voltage amplification per stage of the staggered pair
1s 0.707 times as great as when the same two stages are used without staggering. However,

s fo
8 Single tuned stages
£ 10 N ’
[
5 0.707 W 4
jo)]
E &
°
> 05 7 Staggered tuned pair
2 035 / \@\A\
kS ~ '
©
0 Frequency

Fig. 3.24 Response of individually tuned and staggered tuned pair
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airiSﬁtimesasgreatasthehalf

Hence the equivalent gain

dth of the staggered P
- 1.00 times that of the

] single tuned stage.

) bandwi
ir is.0.707 X2

dth of an individua
f a stagger tuned p

the half power (3 dB
power (3 dB) bandwi
bandwidth product per stage ©
individual single tuned stages.

The stagger tuned idea can easily be extended to more
staggering, the first tuning circuit is tuned to a frequency 1 :
while. the third circuit is tuned to higher frequency than mge fipgpency- The - middle
tuned circuit is tuned at exact centre frequency- \b'\\ "Q _

oS

stages. In case of three stage
ower than centre frequency

Analysl: v A s

From equation (14) of section 3.4 we can write the gain of the single tuned amplifier
as, : | . |

A, _ 1 -

A (at resonance) = 1+2iQ.q 8

174 _

1+‘.kx'where X= 2Q¢ff5_

-
=

two single tuned cascaded- amplifiers with
ume that the one stage js tuned to the

Since in stagger tuned amplifiers the
5. Thexefore we have,

separate resonant frequencies are used, we can ass
frequency f, + & and other stage is tuned to the frequency f; —

£a =% +d
and £, = £~8
According to these tuned frequencies the selectivity functions can be given as,
A, (at Tesonance); 1+j(X#1) .
A, _ 1
BRGES

A, (at resonance);

The overall gain of these two Stages is the product of :individual gams of the two
stages. : oy -

A, _ A, g -

A, (at reSONance) cscaded A . (at resonance); A, (3t resonance);

1., o3

1+j(X+1) 1+j(X-1)

_ 1 K 1

2+ 2] X-X* (2~ X2) + (24%)

Ay

1

A, _ : .
A, (at resonance) ceaded }(2 “X9)2+(2X) 2
1 1

T famaxTexteaxt T A
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Substituting the value of X we get,

| A, | 1 1

[A v@tresonance)| | JarZQgor J4+16Q% 3¢

_ 1

- %heeQt 5t

-

3.9 Large Signal Tuned Amplifiers

The output efficiéncy of an amplifier increases as the operation shifts from class A to
dass C through class AB and class B, As the output power of a radio transmitter is high
and the effidency is of prime’ concern, class B and class C ampliffers are used at the
output stages in transmitters. _ :

The operation of class B and class C amplifiers are non-linear since the amplifying
elements remain cut-off during a part of the input signal cycle. The non-linearity generates
harmonics of the signal frequency at the output of the amplifier. In the push-pull

‘arrangement where the bandwidth requirement is no limited, these harmonics can be
climinated or reduced. When a narrow bandwidth is desired, a resonant circuit is
employed in class B and class C .tuned RF power amplifiers to eliminate the harmonics.

3.9.1 Class B Tuned Amplifier

- The Fig. 325 shows the class B tuned amplifier. It works with a single transistor by
sending half sinusoidal current pulses to the load. The transistor is biased at the edge of
the conduction. Eventhough the input is half sinusoidal, the load voltage is sinusoidal
because a high Q RLC tank shunts harmonics to ground. The negative half is delivered by

Vee
RFC” S
i (. o
al ! Vo
Cc - _
L) :
RL
% C— L

Fig. 3.25 Class B tuned amplifier
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the RLC tank. The Q factor of the tank nceds to be large enough to do this. This is

analogous to pushing someone on a swing. We only need to push in one direction, and
the reactive energy stored will swing the person back in the reverse direction.

3.9.2 Class C Tuned Amplifier |
The amplifier is said to be class C amplificr, if the Q point and the input signal are

selected such that the output signal is obtained for less than a half cycle, for a full input

cycle.

Due to such a sclection of the Q point, transistor remains active, for less than a half
cycle. Hence only that much part is reproduced at the output. For remaining cycle of the
input cycle, the transistor remains cut-off and no signal is produced at the output.

The current and voltage waveforms for a class C amplifier operation are shown in the

Fig. 3.26.
Looking at Fig. 3.26, it is apparent that the total angle during which current flows is
less than 180°. This angle is called the conduction angle, 6 .
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