Tuned Amplifiers

3.1 Introduction - |
To amplify the selective range of frequencies, the l'!lfllsh\’& load, Re is replaced by a
- tuned circuit. The huned circuit is capable of amplifying b signal over a narrow band of
frequencics contered ai f. ’fhc amplifiers with such a tunc:i cireuit as a load are known as
tuned amplifier. [

The Fré 3.1 ShDWS the tuned parallel
LC circuit [which resonates at a particular
frequency. | The resonance frequency and
impedance | iof tuned circuit is given as,
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The response of tuned amplifiers is
maximunn | at resonant frequency and it falls
sharply fdr frequencies below and above
the resonant frequency, as shown in the
Fig. 3.2

Ag shuwn in the Fig. 32, 3 dB
bandwxdth i denoted as B and 30 dB
andmdﬂg is denoted as S. The ratio of the

aif (dB)

30 dB Yandwidt: {S) o the 3 dB

b&ndwidlh: By is known as skirt
o - - selectivity,

My ! ", :
) o At resonance, indudlive and capacitive
Fig. 3.2 F“"‘q“m‘?y response of a tuned effects of luned circuit cancel each other.
amplifier

As a msult dreult is Hke resistve and

cos § = 1 ie voltage and current are in phase. For fmquenaes above resonance cireut is

like capacitive and for frequencics below resonance it is ?«: inductive. Since tuned chrouit

is purcly resistive at resonance il can be used as a load fof amplifier,

|
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3.1.1 CoHl Losses - |
As shown in Fig. 3.1, the tuned circuit consists of a z‘%ﬂii.. Practically, coil is not purely
inductive. It 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 cumprised of copper loss,
eddy current loss and hysteresis loss. The copper loss at' low frequencies is equivalent to
the d.c. resistance of the coifl. Copper loss is inversely proportional to frequency. Therefore,
as frequency increases, the copper loss decreases. Eddy current loss in iron and copper coil
ate due to currents flowing within the copper or core cjased by induction. The result of
eddy currents is a loss due to heating within the inductors copper or core. Eddy current
losses are directly proportional to frequency. H}!s-temsis-élass is proportional to the arca
enclosed by. the hysteresis loop and to the rate at which this loop #s transversed. It is a
function of signal level and increases with frequemfy Hysteresis loss is however

independent of frequency.

L R As mentioned ear.}ier, the total losses in the coil or
e inductor is represented by inductance in series with

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




3.1.2 Q Factor

Quality factor (Q).is important characteristics of an inductor. The Q is the ratio of
reactance 1o resistance and therefore it is unitless. It is the measure of how ‘pure’ or 'real’
an inductor is (e the Inductor containg only reactance)l The higher the Q of an inductor
the fewer losses there are in the inductor. The Q factor adlso 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 c:i::mi}s and its relation with dissipation
factor.
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Fig. 3.4 Quality factor equations
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3.1.3 Unioaded and Loaded Q
Unloaded Q is the ratie of stored encrgy to dissipated energy in a reactor or resonator.
The unloaded Q or Qg of an inducter or eapacitor 15 X/R,, where X represents the
reactance and R, represents the series resistance. The laaded @ or Q, of a resonater is
delermined by how tightly the resonator is coupled (o its|terminations.
: i Let us consider the tuned load
é - ti‘:f‘&‘:uiﬁ as shown in the Fig. 35
L Here, L and C represents tank
circuil. The internal circuit losses of
r-u N R, inductor are represented by R and
™~ Re represents the coupled in load.
é Far this circuit, we can write
Re '1 w, L w, L
| Ry= +2-and Re= -
i Ty Rty
_ _ . where (Y, is unloaded Q and
Fig. 3.5 Tuned load cirguit Q, is loaded Q.
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The eircuit efficiency for the above fank circuit is given as,

IZ Re Qu
= e N {11 S
FRe+ Ry Qu+Q 17




From above equation it can be eastty realized that ior high overall power efficiency,
the coupled-in load Ry should be large in comparison te the intermal circuit losses
represented by R, of the inductor. ‘

The quality factor Q; determines the 3 dB bant%wxc%lhlfm the resonant circuit, Thn 3dB

bandwidth for resonant c:ucuit is given as, ]
",

BW = ... !
where f, represents the centre frequency of a re‘fmnamr and BW represents the
bandwidth.
IF Q is large, bandwidth is small and circuit will be highly sclective, For small Q
values bandwidth is high and selectivity of the dreuit is lost, as shown in the Fig, 3.6.

4 : Thus in tuned amplifier
Voltsge ; e o o
gain [T e ¢ Qs kept as high as possible
3dB PO\ N Response to get the better selectivity.
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Fig. 3.6 Variation of 3dB bandwidth with variation in
quality factor - i

3.1.4 Requirements of Tuned Amplifier
The basic requirements of tuned amplifiers are : f
* The amplifier should provide selectivity of reszmant frequency over a very
narrow band., -
* The signal should be amplified equally well at’ aif frequencies in the selected
trarrow band,

* The tuned circuit should be so mounted that it q&n be easily tuned. If there are
more than one crcuit to be tuned, there should be an arrangement to fune afl
circuit simultancously. i

« The amplifier must provide the simplicity in Ezmﬁrg of the amplifier components
to the desired frequency over a considerable rangé or band of frequencies.

3.1.5 Classification of Tuned Amplifier |
We know that, multistage amplifiers are used fto |abtam large overall gain. The
cascaded stages of multistage tuned amplifiers can be mtegunzed a8 given below
*  Single tuned amplifiers ¢
* Double tuned amplifices ’
* Stagger tuned amplifiers. | :
These amplifiers are further classified accordmg to ccnizphng used to cascade the stages
of mullistage amplifier,

» Capacitive coupled I[

¢ Inductive coupled

e Transformer coupled.




3.2 Small Signal Tuned Amplifier

A common emitter amplifier can be converted mto a single funed amplifier by
including a paralle! hmed circuit as shown in Fxg 3.7 jﬂm lnasmg ccmpz}mnfs are not
shown for simplicity. - : A -

_ tnductor “-_“;-

Fig. 3.7 Single tuned transistor érmptimr
Before going to study the analysis of this am;;zhher we see the several practical
asswmptions to simplify the analysis.
Assumptions :
LR <<Re
2ot =0

With these assumptions, the simplified equalent mamf fcr a smgie tuned amplifier is
as shown in Fig. 3.8. :

Fig. 3.8 Equivalent circuit of single tﬂrxed amphf" er
where G = O Cpe + 1 + g R G | ,
C’ : External capammncc used fo ttmc the circuit
{1+ g, R) Ch ¢ + The Miller capacitance
s - Represents the losses in coil

The series RL cirewit in Fig. 3.7 is replaced by the e,qmvalenl RL cireuit in Pig. 3.8
agsuming <oil losses are low over the frequency band of mtcrut ia., the coil Q high.

Q, = M : e {13




Fig. 3.8 Equivalent circuits
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- Therefore, equating.Y, and Y, we get,
e o1 + 1
o 12wl T R, el
L I
po Wi
2 1

7% e
row ls 1 Q)

R, = £, Q! =0lQ,

Looking at Fig. 3.8 we have,

. R o= Rl R frny, |

The c;fénditiuns for cquivalence are
most easily established by equating the
admittances of the two cixcuits shown in
Fig. 39 |

> 1 Fe = ]ML
rokjol T ?ret 2

Y, =

T ful.
e T . A —
ot 12 st [P
L v ol =, from equation {1)
|

i

2wk : Q. r,. from equation {1} ... {2

o (3)
The eurrent gain of the amplifier is then :
A. o —— "E’-WR - Jg mR {4}
T 3 j{eRC-R/ ol 1eje,R0w/ 0, ~w, / 6)
where @ o= '
_ 5 i !
We define the Q of the tuned eircuit at the resonant frequency @, to be
R -
Ql- = mﬂL = [, RC ol S}
. S A = - ~8xf
" 14j05t0/ 0, —w, /1)
At , 0 = W, , gain is maximum and it v; given ag,
¥ Ai {max} e gm R uta{ﬁ)

The Fig. 3.10 shows the gain versus frequency plot for single tuned amplifier. It shows
the variation of the magnitude of the gain as a function gf frequency.
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Fig. 3.10 Gam Versus frequency for siagle :uned amplifier
Al 3 dB frequency, |
BmR

A o= 25
1A 75 7
s AL 3 dB frequency 7
L+ UK/ 0)—(o, /0] = v
1+Q,~(§—-—%«} = 2 : .. (8)

This equation is quadratic in o and has two pnsmve mimwns, oy and wL After
solving equation {8} we get 3 dB bandwidth as given be}mw

i @, 1 : : .
BW = fH f = 2”;&*5’ W e {9}
. 1
BW = amRe

- vy Example 3.1 : Design a single tuned amplifier for fﬂffmmg specifications :
1. Centre frequency = 500 kHz
2. Bandwidth = 10 kHz ‘
Asstme transisior parameters @ g, = 004 8, he = 100, Cye = 1000 pF and
Cyo = 100 pF. The bias network and the input reszsfanc:: are adjusted so that 1, = 4 I

and R; = 510 Q.
Sotution : From equation (9) we have,
_ 1
BW = mmRC
RC = b L |

TRBW 2} 10%10°

15.912 x 107°
From equation (3} we have,

]

R = 5l Ry 1y,
where = 4k
» h.& 100 2
LN ma_mwzmn /
. Qe
Rp = Qe Wi = mﬁc
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The typical range far Q; is 10 to 150. However, we have to assume Q such that value
of C;, should be positive. Let us assume Q = G

i W l C = ! 1 : "
. 2.1':;)(1{3::1(} '1:)38.511 TRXE000RT
' |

g 1

= W i
|
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Solving for C we get,
. € = 002 wF

. We have,
: : L = C"‘*‘—C&-e} +{1 + Bm RL} CE)‘&‘ .
| ¢ = Co[Cp (L4 g RICy]
= 002 x 107% - [1000 x 10" 24 1 + 0.04 % 510} x 100 x 107 121
C* = 0.01686 pF
We have,
. : - N m]._
= > T iC
R 1 ,
0;C (2rx500%10%)% x0.02x 10~

5pH

‘?IE

From equation {2) we have, !
R, = ol Q. =2rx500 % 10° x5 x 107 x 100
5T R

R = riHRp 1PN ‘
4 x 1P || 1570 § 2500 i

H

il

T Q
We have mid frequency gain as, _1
Aimac = =8 —f—aﬂi)mneu 7




3.3 Single Tunéd FET Amplifier /
The Fig. 3.11 shows the single tuncd FET amplificr. |
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Fig. 3.11 Single funed FET améﬁ%ﬁar
i

The equivalent circuit for the given amplifier is as shfawn in the Fig. 3.12.
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Fig. 3.12 Equivalent eircuit of single tuned FET amplifior
The voltage gain is given by,
A, = ~ag, sl Rl E RI;W f'i R £ §
where : i
Cp = of Gy + Cpg [1 + By Y 1l R})E} _ o (@
Q = oyl Rp] "+ Cy : o {3}
5 1 :
. R ‘ o )
At centre frequency, Le, at @= W gnin is
_ R, j
Avmm-" = =&, {fds i Ri} T ’#”R / v {5)

The 3 dB bandwidth is given by,

S — _
BW = 77:(:3]]!( Y +C5) . _ ver 1)

3.4 Single Tuned Capacitive Coupled Amplifier

Single! tuned multistage amplifier
circuit uses one parallel tuned cireuit as a
load in each stage with tuned circuits in
all stages tuncd 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 resoriles at frequency of operation.
Resistors 'R, R, and K; along with
capacitor Cp provides self bias for the
circuit. |

Fig. 3.13 Single tuned carp'aﬁiﬂve coupled
transistor amplifier
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Fig. 314 Eguivalent circuit of singitr; tuned amplifier
The Fig. 3.14 ﬁhan the equivalent cirenit for single tuned amplifier using hybrid =
parameters. 1,

As shown in the Fig. 3.94, R; is the input rei‘.lstmgt, of the next stage and R, is the
output resistance of the current generator g V... The reactances of the bypass capacitor Cy
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. 3.14.

The equivalent circuit' shown in Fig. 314 can be simplified by applying Miller’s
theorem. Fig, 3.15 shows the simplified equivalent circuif for single tuned amplifier.

Fig. 3.15 Simplified equivalent circuit for gi’mgie tuned aragplifior
Here C; and C; represent input and oufput circuit cépamtaucm, mspechvdy They can

be given as, . ;
C=C +Cy (1~A) where Als the rmftaaé, gain of the amplifier.  ...{1)
Cog = Cw { Y !)a C  where C i5 the tuned CIT&‘.‘ulf capacitance. . {2}
The g, is represented as the output resislance of curz:enl generator g V...
L’ i :
gc‘e':a"“:hm_gmhmﬁhm”k_“ i e (3)
1 The series RL circuit ifs represented by its equivalent
parallel circuit. The conditions for equivalence are most
: easily established by equaling the admittances of the two
Lsg §Rp eircuits shown in Fig. 3.16.'
Admittance of the serjes combination of KL is given
z as, o
Fig. 3.16 VAN S
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" Multiplying numeratot and denominator by R ~ joL we _igct;

R-jul R jeL
B+’ R +e’l? R +ofl?

Y =

_ R el
R P (R +@PL)

i 1
e
K, JoL,

R + @17 _ :
= 1= | e (4)

‘ TR L@ill ?
and L, = X A0 e B)

where

urL

Centre frequency o [

The centre frequency or resonant frequency is given as,
| : 4

3 | o 6)
|
where . Lo = E*:*‘I—?:L‘ |
T
and f:% = Chc['é%})‘f-a D
= C,+C

Therefore, C, is the summation of transistor nutput capacitance and the tuned circuit
capacitance.

Quality factor Q
The quality factor Q of the coil at resonance is given Py,

! @, L
Q = o l®)
where @, is the centre frequency or resonant fmqum’icy.

This quality factor is also called unlvaded Q. But in practice, transistor output
resistance and input resistance of next stage act as a load for the tuned circuit. The quality
factor including load is called as loaded Q and it can be gl“ven as follows :

The Q of the coil xs usually large so that wL >> R in the frequency range of operation.
from equation {(4) ‘we have, ;

_ RIeefl2 w2
Rp = —*ﬁ?”““‘ﬂ* R ‘
as O o1, R, - | O

From equation (5) we have,

T T E! 5 B
L = K -{-«:}: L - R. L /
F L @*L i
=L v ol >> R o (10)

From equation (9),we can express R, at resonance as,

oft? ‘

Ry = —% i

= m[ Qg L "-Qrzm{i_“ i . “'{1]}




Therefore, Q, can be expressed interms of R as,
Q’r o mm!.!._ . . A...Elz)

o, L

The effective. quality factor including load can be calmlamd looking at the simplified
equivalent output circuit for single tuned amplifier, |
1

- 1

- l where Ry= R, || R, || R
(ng\fb‘e Tcée glp =L § Ry '

Fg. 3. 1? Simpitf' ed output circuit for smgte funed amplifier

Susceptance gf inductance L or capacitance C
Conductance of shunt resistance R,

' Effee:ﬁve quality factor Q. =

= —or,Cy R e (13)

Voltage gain (A}
The voltage gain for singie tuned amplifier is gwm hy,

A e e Fyre R, :
AY Bm rhb'+riae I+2j@c!f.ﬁ;

where R = RJIBR,

1l

Fraction variation in the resorant frequency

Piea
A, {at resonance) = -g,. Wx& |
[ AL 1 ‘ )( _ o {14)

A (at resonance) |

Jrr@a.0)’ X
3 dB bandwidth |

The 3 dB bandwidth of 2 EmgIe tuncd amplifier is gwen bjr,

fo e
Al zm, T

o, i - :
.= OO I . = ‘:1 wun 15
T Qef’f Q:EE @ R’t_ q { )

= «@{'—;— =20, o {16)




nmp Example 3.2 : A single huned RF amplifier uses a MNansistor with an output resistance of
50 K, output capacitance of 15 pF and input resrsmnk.‘e of next stage is 20 k. The tuned
circuit consisis of 47 pF capacitance in paratlel with si:ncs combination of 1 pH inductance
and 2 § resistance. Calculate
i) Resonant fréé;:wnéy 7
#i) Effective gquality factor _ _ i
fif} Bandwidth of the circuit

Sofution ; i) Resonant frequency £ is given as,

- _ ! : 1

23 J1 plix (15 pF+ 47 pF) |
= 20.2 MHz

ii} Bffective quality factor is given as,

Qe = 0 g Ry !

© = IRE, C X (R, IR, [IR;Y |

@l (2ux202x109)7 (1x10°9)%

where : RP. = e = 5
= 8054
Qi = "Kx?.ﬂixlﬁ‘*x(}’ipi'»k-ﬂpf}x(:rt}h.l 8054 K }1 20K)
= 40,52

iii} Bandwidih of the cireuit is given as,
f, _ 202x 100

BW = &= "I [

- |

|

i

yod

= 498.5 kHz

1

mmp- Example 3.2 1 A single tuned bansistor amplifier is :;rsmﬁ to amplify modulated RF carrier
of 600 kHz and bandwidth of 15 kHz. The circuit has 'a tokal oulput resistance, R, =20 kQ
and oulput capacitance C, = 50 pF. Calculate values qf inductance and capacitance of the
funed circuit. '

i

Solution : Given : f, &00 kHz
BW = 15 kHz
R, = 20 k0 |
C, = BOpF ‘
f:,n.; = (80 pF + ()
Qe = 'g%; = %E%

i

i

i) We imow that,
Qu = (ﬂiccq R,
Quie 40

e P s e oo =

C, = :
-9 w, R, 2ax6s00x10*x20x10° |

530.5 pF

(50 pF + i
530.5 pF - 50 pF
4B0.5 pF

It

It

Ceq
c

1

i




ii) We know that,

1
A
T LT,
- 1 B 1

@rey c, @ax600x10%7x5i05x 1077

i

132.6 pH
3.5 Double Tuned Amplifier

Fig. 318 shows double tuned RF amplifier in CE configuration. Here, voltage
developed across funed cirewit is coupled inductively to another funed circuit. Both tuned
circuits are tuned to the same frequency.

Fig. 3.18 Doubls tunod amptiﬁer

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

Analysis ;

The Fig. 3.19 {a) shows the coupling section of a l:jamformer coupled double tuned
amplifier. The Fig. 319 (b) shows the cquivalent cm:m! for it. In which transistor is
replaced by the current source with its output resistance (R,). The C; and 1; are the tank
circuit components of the primary side. The resistance Ry is the series resistance of the
inductance L;. Similarly on the sccondary side L, and C, represents tank cdircuit
companents of the secondary side and R, represents rﬁsﬁstance of the inductance. Lz The
resistance R; represents the input resistance of the next qi&gt.

The Fig. 319 (¢) shows the simplified equivalent | cm:mt for the Fig. 3.19 &) In
simplified equivalent circuit the series and paralle! res:-:mn»::ses are combined into series
elements. Referring equation (9) we have,

{E}z L” o [#

RF“ leR=—pg—

3

where R mprcscnts series resistance and R, rcpmscntg paraliel resistance.
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Fig. 3.19 Equivalent circuits for double 'tu%n-ed amplifier

Therefore we can write,
w3 1
4

Ry = +E;

2]
252
wiis
~-+R
1. 1

1

Byp =

In the simplified circuit the current source s rep-!aced by voltage source, which is now
in series with C,. It also shows the effect of mutual inductance on primary and sccondary
sides. o

' tm, L '

We know that, Q = R i

‘Therefore, the £ faclors qf lhe individual tank circuits are

o, Ly o, Ly ! .
Qs —— and Q= ——= : Ll
L Ry; an © Rz.‘! ; ()

S S R




Usually, the Q factors for both circuits are kept samg. Therefore, Q, =

resorant frequency of = 1/L; C; = 1/1,C,.

|
q

Looking at Fig. 3.19 (), the autpuf voltage can be gl\ren as,

_ i

Im e S

V“I ) C-n

H
i

Qy = Q and the

o (2)

To caleulate V,/V, it is necessary lo rcprmnt I, mterm of Vy, For this we have to
find the transfer admittance Y;. Let us consider the c:rcmt shown in Fig. 3.20. For this
cireuit, the transfer admitfance can be given as,

A L2 o< 25
Toe AMAN AN e G
* by ——1 j’
Vs § Z Ve gzi.
i
Fig. 3.20 ’

LB A,
v By Ay
Ka‘

?’ {f +.?,}

N ?‘
B M
Ay o= LFI ,.__“_""g,_n
T Z£,+2

The simplified cquivalent cireuit for double tumed amghﬁer is similar to the circuil

shown in Fig. 3.20 with

Z = joM

z‘ = RH +j ({GL; —W-C;‘
' ol 1
Za + 7, = Rzz “+ ] [{IJLg - HJC2

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

Z{ = }?MEsz{ﬁrk\j i’i L:ﬁ

where, kis the coefficient of coupling,

3
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Multiplying mimerator and denominator by oL, for

Rn mI..; )

@, Ly

Z W

re pek,

n

o ks j3, L :
K o, by j I(‘Dr'«l

[0

©r. Ly + jar, Ly (»_—é“— ‘)

Q

Tw

_mr L&
Q

+je, Ly (28)

Zot 7

“oC w1,

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

wr 142 L
-+

Q

Lo+ & -

Z

)

it

i

— Zi (Z '*‘ZL} = Zf —zi (Zjb 'i"zid})f Zf

ml’

“(14j2Q

B}{%& (12 Q&)} |

imr k\ Li i“? -

kQ?

Tjo, kL Ly

- (3

YT =

Substituting value of I, ie. V, % Yy we get,
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Taking the magnitude of equation {4) we have,

: | KQ
Ayl = g 0 T g Q e o = e (5)

The Fig. 3.21 shows the universal response curve for; double tuned amplifier plotted
with k() as a parameter, ' '

The frequency deviation § at which the gain peaks occar can be found by maximizing
equation {4}, ie '

JQB-i(1+K2Q%~ 402367 = 0 v {6)

T
6;4 // ...m\\
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Fig. 3.21

As shown in the Fig. 3.22, two gain peaks in the ffequency response of the double
tuned amplifier can be given at frequencies ;

3 (1‘“-23@.!&2@1-1) and

§

¢

e )

= Froquency




At KQ = 1, 1e k = %, f, = £ = .. This condition is known as critical coupling. For
values of k < 1/Q, the peak gain is less than maximum gain and the coupling is pocr.

At k > 1/Q, the cirenit is overcoupled and the respdnse shows the double peak. Such
double peak response is useful when more bandwidth is requmer]

The gain magnitude at peak is given as,

. Bm x“IL Lo & . .
!A Z = g 2 amg = Q }i . wer {ﬂ}
, ‘ " '
And gain at the dap at 5= 0is given as, o
2kQ
JA‘PI i'i‘k"Q" ) rex {9)

The ratio of peak.gain and dip gain is denoted as y and it represents the magnitude of
the ripple in the gain curve.

- ; n% 1+ K*Q : ... (10)
¥

Using guadratic simiplification and choosing positive sign we get,

= yaviol ' - .. (1D
The bandwidth between the frequencies at which the gain is |Ay] is the useful
bandwidth of the double tuned amplifier. It is given as/
BW = 28 =" 1,-6) | | . (12)
At 3 dB bandwidth, |
¥ = V2
KQ = 74721 = JEeyE 41 £ 2414
3dBBW = 28 =3 th-f)

= o1, (145 T ) (1 g VT

31,

= V3 {é JeIQEC 1}] |
=
]

\f"fi §{" 4147 -1
‘o N i

L f

We know that, the 3 dB bandwidth for single tuned amp]tf" jer is 2 f,/Q. Therefore, the
3 dB bandwidth provided by double tuned amplifier (3.1, fQ} is substantially greater than
the 3 dB bandwidth of single tuned amplifier.

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

3. Provides large gain-bandwidth product.




3.6 Effect 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 goin is the product of fhc voltage gains of the individual
stages. Let us see the cffect of cascading of stages on bandwidth.

Consider n stages of single tuned direct coupled amphfwrs connected in cascade. We
know that the relative gain of a single tuned amplifier wuh respect fo the gain at resonant
frequency £ is given from equation (14) of section 3.4.

i

i -

1+{28{Jm}3

AL
A [at rescuanes)

Therefare, the relative gain of n stage cascaded ampiil}er’ becomes
| o
IEA?,(a-;. resotance)) [ «fi T {2 an)z ‘! [ 14025 Qm)z}%

L 1
Ay " _ R

+

The 3 dB frequencies for the n stage cascaded amplifier| can be found by equating

A" L
A (at resomance) - 2
' T I | T R
A (ot resomange), [I 26 jz}‘ = "
) =f], *
g ¥
L [1428Q?)E = 2E
[+28Q]" =2 |
; . ] 3 !
- 1"&(35‘*1,”:(}2 = 2n
” ZaQ,‘-{f = % ..'Zm ‘-—1

Substituting for §; the fractional frequency variation, i.e.

5 = BTO E‘-—it‘,

FEE .
:’.{W,Qdf-u - _
.3 r!‘ I

a2 Quy = £ £J2F 1

f
H*
M
o)
‘j
e

]

s ) f-—fr =.i_

- Let us assume f, and E are the lower 3 dB and upper 3 dB frequencies, resp«zcﬁvc"iy
Then we have : F

b —F 2R — { and mmﬂaﬂy‘,
-\ff
f J L
fo—f = ol e L |
i ! EQEH

The bandwidth of n stage identical amplifier is given as,
BW, =f“f;“{f2":)+{f“fl)
w _____é,'_._‘ n—l+w f/{‘r—i
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Qar i

| i
= BW, Y25 -1 } o (1)

where BW, is the bandwzd&z of single stage and BW is the bandwidth of n stages.

sy Example 3.4 1 The bendwidth for single tuned ;amphﬁer is 20 kHz. Calculnte the
bandwidtlt if such three stages are cascaded. Also m.i’mlatz the bandwidth for four stages.

Solution : 1} We know that,

BW,, - ﬂhn- m:zaxw‘xJ@

18.196 kHz . |

1§

]

i) BW, 20%10% x \[24 =1 =87 kHz

The above example shows that bandwidth decma&es as number of ét&gies increase.

3.7 Effect of Cascading Double Tuned Amplifiers on Bandwidth

When a number of identical double tuned amphf:er/ stages are connected in cascade,
the overall bandwidth of the systom is thereby narmwed'md the steepness of the sides of
the response is increased, just as when single tuned %lageﬂ; are cascaded. The quantitative
relation between the 3 dB bandwidth of n identical dauhle tuned critically coupled stages
compared with the bandwidth A, of such a system can ‘ue shown to be 3 dB bandwidth

for .
RNt i
n identical stages double tuned amplifiers = A, X (23 1— I] o 1)
where 4, = 3 dB bandwidth of single sfak;e double tuned amplifier
Key Point: The equation {1) assimes that the bnndw‘rdﬁ: &y s small compared with the
resonani frequency, L :

_ s Example 3.5 : The bandwidth for double fli‘!‘ﬁ’d ﬂmpfzﬁer is 20 kHz Calculste the
| bandwidtl if such three stages are cascaded. i

Solution : We know that for double tuned caqcaded qtagxis _
BW, = BW, x (2/" - z)+ = 0K >-& (zw S)F = 1428 kHz

ey Example 3.6 : A three stage double tuned amplifier system is to have a half power BW of
20 kHz centred on a cenire frequency of 450 kHz. Assinning that all stages are identical,
determine the half power bandwidith of single stage. Assume that each stage couple lo get
miximum flatness.

Solution : We get maximum flat response when each stage is critically coupled. When
stages are critically coupled we bave _
BW, = BW, x{(2Vs -1 i

" i
BW. = . BW, '

For U . ;
. , ; ‘
BW, - BW, _  20xI0 =/ s8.01 KHz

{21!3 --I)w {21{3 -1 14 i




3.8 Staggered Tuned Amplifier |

We have seen that double tuned amplifier gives é;reater. 3 dB bandwidth having
steeper sides and flat top. But alignment of double funed amplifier is difficult. To
overcome this problem two single tuned cascaded ampﬁﬁ{:ars having certain bandwidth are
taken and their resonant frequencies are so adjusted that ;théy are separated by an amount
equal to the bandwidth of each stage. Since the resonant frequencies ave displaced or
staggered, they are known as staggered tuned amplifiers. The advanlage of staggered
tuned amplifier is to have a better flat, wideband charagteristics in contrast with a very
sharp, sejective, narrow band characteristic of synchronously tuned circuits (funed to same
resonant frequencies). Fig. 3.23 shows the relation of amplification characteristics of
individual stages in a staggered pair to the overall amplification of the two stages.

4
f . B

1434 !0 . i s
& L .
g il
@ {1707 B GTOT Jreclmnrs
S :
g =
2 -

Ay 8
z
{a) Response of individual stages {b) Ovorall response of staggered pair

Fig. 3.23

The overall response of the two stage stagger tuned pair is compared in Fig. 3.24 with
the corresponding individual single tuned stages having same resonant circuits. Looking at
Fig.3.24, it coan 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 centre
frequency cach stage has an amplification that is G.?{'}?‘T of the peak amplification of the
individual stage. Thus the equivalent vollage amplification per stage of the staggered pair
is 0.707 times as great as when the same two stages are Fsed without staggering. However,

= i f
2 o
g 1.0 Single funed stages
=3
§ o707} A
& :
m H
g : ﬂ%{ﬁ; Fi . "fii& = X" Staggered tuned pair
S oy ¢ . !
s | =D
4 ] ; -
0 Frequenty

Fig. 3.24 Response of individually tuned and staggered tuned pair

the half power (3 dB} bandwidth of the staggered pair is 7 tmes as great as the half
power (3 dB} bandwidth of an individual single tuned ﬂage. Hence the equivalent gain
bandwidth product per stage of a stagger tuned pair is 0.707 x+2 = 1.00 times thal of the
individual single tuned stages. ' '

The stagger tuned idea can easily be extended to marrc stages. In case of three stage
staggering, the first tuning circuit is tuned to a frequency lower than centre frequency
while the third circuil is tned 1o higher frequency than centre frequency. The middle
tuned circuit is tuned at exact cenfre frequency. : '

I
!
i
!




Analysis
_From equation {14) of section 3.4 we can write the gain of the single tuned amplifier
a5, . .
Ay R T
A, {abresonance) 1+23Q @

1 L :

Since in stagger huned amplifiers the fwo single ﬁmed cascaded amplifiers with
separate resonant frequencies are used, we can assume Elmt the one stage is tuned to the
frequency £ + 8 an:i other stage is tuncd to the frequ(:m:y f - & Therefore we have,

by o= £+ 8
31\{_1 fﬂ _ﬂ fr - 8 . i
ﬁcmrding to these tuned frequendes the selectivity ﬁimcﬁans can be given as,
A _ T
A {al resonance)y -1 +{{X+1)
A B o
A, (atresonance); 14 j{){-—-i‘j

The overall gain of these two stages is the pmdudt of individual gains of the two
stages. ;

A - Ay x A,
o 1At PESONANCe) Ledey A, (atresonancelyr A, (Al resonance)s
_ T « 1
TN T XA
- o1 o - 1
TOZ42iX-XE O 2-XH+E0
| Ay i i, 1
|A,,? {.at msonancc}}mm o v’{?— X e X)?
1 1

JAoAXE s XiAXE A+ X3

Substituting the value of X we get, _

A ( atre:punance)l e B "}’4.{.{2 Qm’?ﬁ)e} ,f;-e-]ﬁQ% 8t

1
a . e

241 +=4Qjﬁ &
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3.10 Stabiiiity of Tuned Amplifiers

In tuned RF amplifiers, ansistors are used at the frequencies nearer to their unity
gain bandwidths {i.e. {;), to amplify a narrow band of high frequencies centred around a
radio frequency. At this frequency, the inter jenction capacitance between hase and
collector, Cy,. of the transistor becomes dominant, Le. its feactance bocomes low enough o
be considered, which is otherwise infinite to be neglacted as open circuit. Being CE
configuration capacitance €., shown in the Fig. 3.35 come across input and output circuits
of an amplifier. As reactance of Cy, at RF is low enough it provides the feedback path
from collector to base. With this circuit condition, if some’ feedback signal manages o
reach the input from output in a positive manner with iproper phase shiff, then there is
possibility of circuit converted to an unstable one, genéraéting its own oscillations and can
stop working as an amplifier, This cirenit will always oscillate if enough energy is fed back
from the collector to the base in the correct phase lo overcome cdircuit losses.
Unfortunately, the conditions for best gain and sctectivi@y are also those which promote
oscillation, In order to prevent oscillatons in tuned REF amplifiers it was necessary to
reduce the stage gain to a Jevel that ensured circuif stability. This could be accomplished
in several ways such as lowering the Q of tune circuits; stagger tuning, loose coupling

[ .

Fig. 3.35 Tuned RF stage

between the stages or inserting a "loser' element into the circuit. While all these methods
reduced gain, dekuning and @ reduction had detrimenta} effects on selectivity. Instead of
loosing the circuit pérformance to achieve stability, the professor L.A. Hazeltine
introduced a circuit in which the Broublesome effect of the collector to base capacitance of
the transistor was neutralized by introducing a signal which cancels the signal coupled
through the collector to base capacitance. He pmvedj’ that the nentralization can be
achieved by deliberately feding back 2 portion of the ouiput signal to the input in such a
way that it has the same amplitude as the unwanted feedback but the opposite phase.
Later on many neutralizing circuits were introduced. Let us study some of these cireuits.
3.10.1 Hazeltine Neutralization |

The Fig. 3.36 shows one variation of the Hazeltine citcuit, In this circuit a small value
of variable capacitance Cy is connected from the botiom of coil, point B, to the base.
Therefore, the internal capacitance C,,, shown dotted, feeds a signal from the top end of
the coil, point A, to the transistor base and the Cy feeds a signal of equal magnitude but
opposite polarity from the botiom of coil, point B, to the base. The neutralizing capacitor,
Gy can be adjusted correctly to completely nullify the sig:pa} fed through the C,.

|
1

J‘

et S




FAE ;
=

/g3 AT
Z~Cy Re C

N
Re

) 1

‘Lc
TE

Fig, 3.36 Tuned RF amplifier with Hazeltine neutralization

3.10.2 Neutrodyne Neutralization

The Fig. 3.37 shows typical neutrodyne circuit. Jn this circuit the neutralization
capacitor is connected from the lower end of the base 'coil of the next stage to the base of
the transistor. _ ‘

In principle, this circuit functions in the same manﬁer as the Hazeltine neutralization
circuit with the advantage that the neutralizing capacitor| does not have the supply voltage
across ik - ]:

e
AL L

Fig. 3.37 Tuned RF amplifier with Mautroﬁjme neutraiization
3.10.3 Neutralization using Coil ,‘

The Fig. 3.38 shows the neulralization of RF amplifier using coil. In this cireuit, L part
of the tuned circuit at the base of next stage is orfented for minimum coupling fo the other
windings. It is wound on a separate form and s mounted at right angles to the coupled
windings. If the windings are propesly polarized, the. voltage across L due to the
circulating current in the base circuit will have the proper phase to cancel the signal
coupled through the base to collector, Gy, capacitance.
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, |
Fig. 3.38 Tuned RF amplifier using ccﬁ§

3.10.4 Rice Neutralization

The Fig. 3.39 shows™the Rice circuit of neutralization.

it uses a centre tapped coil in the

~ base circuit. With this arrangement the signal voltages at the ends of the tuned base coil

are equal and out of phase.

B LT T e e—

i

' '
Fig. 3.39 Tuned RF amplifier using Rice neutralization

|
i
[
'
1
|

1




3.11 Advantages and Disadvantages of Tun&f:i Amplifiers
Advantages : » /
1} They amplify defined frequencies. i
2) Signal to neise ratio at output is goeod. :
3) They are well suited for radio transmitters and :eccwer@
4) The band of frequencies over which amphf;mtmn:ls required can be varied.
Disadvantages : '

1} Since they use inductors and capacitors as mmng r:lm‘nem‘:, the cirenit is bulky and
costly.

2) If the band of frequency is increased, dﬁmgn bemtnes complex.
3) They are net sujtable to amplify andio .irtquﬂzmm

3.12 Applications of Tuned Amplifiers :
The important applications of tuned amplifiers are as fél]nws :
1. Tuned amplifiers are used in radio reccivers to, amplify a2 particular band of
frequencies for which the radie receiver is hmed !
2 Tuned class B and class C amplifiers are used as an putput RF amplifiers in radio
transmitters {o increase the oslpui efficlency and tso reduce the harmonies.

3. Tuned amplifiers are used in active filters such as low pass, high pass and band
pass to allow amplification of signal only in the desired narrow band.

woy Example 3.12 : Draw the single tuncd amplifier using FET.

Solution : :
+Vho

Fig, 3.40

nmp Emamﬁie 3.13 ¢ An RF tuned voltage amplifier, m&%ing FET with vy = 100 kG and
g, = 500 s hus huned circuil, consisting of L = 2.5 mH, C = 200 pF, a3 ils load. At its
resonant, frequency, the cireuil offers an equivalent s’r'z;'zmt resistence of 100 Q. For the
awmplifier defermine,
a} The resonant gain,  b) The gffective Q, ¢} The bandwidth.
Solution : Given : 1y = 100 K, g, = 500 ps and tuned load of L = 2.5 mH and C =200 pF
a) Resonant gain for FET amplifier can be given as,
= &m Ry '

ry # Shunt resistance

Ay

I

where R, .




H

- g, (100 K § 100 K)
-~ 500 500 » 107 x50 % 10% = - 25

¥

i

b) The effective Q can be given as,
Qu = —+

where R, = 100K 100K =350K and
w, = 2nf, :

! I
r. = — = S . _ -
r 2nyLC 2nr2.5x10% % 200x 10712

¥

50K
- O, = b o : = 14147
_ Qur L 2ax225%10% x2.5%1p-?
1

; e
o ¢} The bandwidth is given as, {
: ) 1

e L b 225x10% ]
BW = O T RE Y = 15.504 ki;]z

|
numy Example 3.14 ; The fransistor shown in Fig. 3.41 Iu?zs hy = 50 and input resistance of
200 . /
The coil used has Q factor = 30 '
Calculate : i) Resonant frequency of the tuned circuil,
i) Impedance of the tuned circuil,

it} Voltage gain of the stage.

'
500 pF Ry
P 15K o
i' )
Fig. 3.41
Solution : i} Resonant frequency : r
1 i/

fr - e B

20VTC T 2 0% 10 x 300102

i

| 5?5:?{}_5 = 1159 %107 Hz = 1.55@‘[ MHz
i) We kn-m».jr that
- B
impcdﬂn:;’s of tuned circuit R, _
= Q @ L =30 x2mx1.59%10% x 20 x 10 = 5994 Q




iii} Voltage gain of stage Av

_ A R;
A, = SLDE
" R}

R Ry IR 50(5994 115 K)
Ri - 2{}[} ' L

= - 300

sy Example 3.15 1 A tuned amplifier showld have o gaji:fn of 50 for a centre frequency of
10.7 MHz and bandwidth of 200 kHz. A FET with g, = 5 mA/V and 1y = 100 K is fo be
used. Calenlate the tank circuil parameters. :

Sojution :

Fig. 3.42
d 1 ? - .
. = ——e— =107 MHz o s {}
! ZR'JL'C ; }
£, 107 MHz ., .
Q = 348 (BW) ~ 200k “"3'5;
535 = % e (2)
‘ﬁ"w == Haﬁ'_“”gm Ri.-
R, = —2_=10kQ
%10~ _
/
where Ry = ry#R, s
1 1 -1
R “nR,
Jo .1 11
R, R, ¥; WK 10K
R, = 1L11K
We know that,
Q = ;,,I}P—i
R 1111 %07 *
L o= LA = 3.088 pIf
Q,®,  53.5x2xnux1d.7x10% uE
We know that, .
1 -
fr = F——r v
2w LC :
1
REEAL
= ! = 716 pF

. {20%10.7 x10%)° x 3.088%107%




We know that, Q. = &L

-

R = = 3,88 £)

@, L 2ax10.7 x10° x 3.088x10"¢
Q- O5EE

mmp Example 3,16 : A FET having g, = 6 WAV hay & twned anode load consisting of a

400 pH irductance of 5 Q in parallel with a capacitor of 2500 pF. Find

i} The resomant frequency..

i} Tuned civeust dynamic resistance.

1) Gain at resonance and

) The signal bandwidth.
Solution 1 i) f = Re;ﬁnant frequency

1 - ]

mJLC  2n./ 400 pHx 2500 pF

1

0.159 MHz

#} Tuned circuit dynamic resistance = R, = R |
CA00UH 10" x 80
B0 pFX543 - T I500
t
: = 0032 x10% =32 k@2
ity Gain at resonance = Ay, s -an Ry =-go Rp

= 6mA/VXI2KA = - 192
iv) The signal bandwidth = BW = 1¢

Q- & Lo 2. x(.039x10° x 400 x107¢
-7 R 58

o= 7992
£, 0159 Mtk

- ?9.9_1—2J

BwW

= 1.98 kHz

i
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A=

]
ges!
z
=

t

T3

=

n

Ry = (iR = ﬂmﬁ =6 K

00K R, = 6K
R, = 6383Q
We know that, - :
R, = ciri
" 795%10°% _ 795x107%

€= =% """

L_1

3

x795% 10

= 1245 pE _
We know that [

i
f 21 SLC
S S
2 JLx1235 pF

10.7 x 10°

4

L = 1777 uH

il

We have
e
rTOCR
L LT
CR, 1245 pFx6383

i

2.236 £
Thercfore, elements of tank clrcuits are :
L = 1777 ut, C = 1245 pF and B = 2236 £2, /




