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Introduction to Tuned Amplifiers

Why Tuned Amplifiers?
In low-frequency amplifiers (RC coupled amplifiers), the gain remains almost constant over a wide
frequency range.
However, in communication systems (radio, TV, wireless), we do not want amplification of all
frequencies.
We require:
e Amplification of only one specific frequency
e Rejection of all other frequencies
This is achieved using a Tuned Amplifier, which uses a resonant circuit (LC circuit) as load.

Tuned Amplifier
A tuned amplifier is an amplifier in which the load is a resonant circuit (L and C) tuned to a particular
frequency.
At resonance:
e The circuit offers maximum response
e Gain is maximum
o Selectivity is highest
Applications:
o RF amplifiers
o IF amplifiers
o Communication receivers

Resonance
Resonance occurs when inductive reactance equals capacitive reactance.
XL == XC
L 1
wL =—
wC
f 1
0=
2nVLC
Where:

e fo=Resonant frequency
At this frequency, the circuit behaves purely resistive.

a) Series Resonance
Condition:
L and C connected in series.
At Resonance:
e Impedance is minimum
e Current is maximum
o Circuit behaves like a short circuit (ideally)
Z=R

Characteristics:
e High current
e Low impedance
e Used in current-selective circuits



Bandwidth:

b) Parallel Resonance
Condition:
L and C connected in parallel.
At Resonance:

Impedance is maximum
Current is minimum
Circuit behaves like open circuit (ideally)

Z max ﬁ

Characteristics:

High voltage across tank
Used in tuned amplifiers
Provides high gain

Bandwidth:

Quality Factor (Q-Factor)

Quality factor indicates selectivity of the resonant circuit.
Energy stored

- Energy dissipated per cycle

For series circuit:

_ wolL
=7
For parallel circuit:
_ R
0= woL

Interpretation:
e High Q — Narrow bandwidth — High selectivity
e Low Q — Wide bandwidth — Poor selectivity
fo

BW =22
Q

Tuned Amplifier

In tuned amplifiers:
e We use parallel resonant circuit (tank circuit) as load.
e Atresonance:



o Impedance is maximum
o Voltage gain is maximum
e Away from resonance:
o Gain decreases
Thus, tuned amplifier acts as a band-pass amplifier.

Classification of Tuned Amplifiers

Tuned Amplifiers
| | o
Small Signal Large Signal
* To amplify low RF signals * To amplify large RF signals
* Power output is low * Power output is more
* Operated in class A * Operated in class B, class C or

| 1 | | class AB modes.

Single tuned Double tuned  Staggered tuned * Pushpull configuration used to
further reduce harmonic
distortion,

Single Tuned Amplifiers

Single Tuned Amplifiers are multistage amplifier circuit that employs a parallel tuned circuit as a load.
However, the tuned circuit in each stage is required to be tuned to similar frequencies. A common emitter
configuration amplifier can be used as a single tuned amplifier which includes the parallel tuned circuit.

During wireless communication, the radio frequency stage requires a tuned voltage amplifier in order to
select the desired carrier frequency and amplify the allowed passband signal.

Construction of a Single Tuned Amplifier

The figure below shows the circuit arrangement of a single tuned amplifier with capacitive coupling.
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Circuit of Single tuned amplifier with
capacitive coupling

It is noteworthy here that for a tuned circuit, capacitance and inductance value must be so selected that
the frequency of resonance must be equivalent to the frequency of the applied signal.

We can get the output of the circuit either by capacitive or inductive coupling. However, here we have
used capacitive coupling.

The capacitor Cg employed in the circuit is a bypass capacitor whereas biasing and stabilization circuits
are followed by Ri, Rz and RE.

Tuned LC circuit employed in the collector region acts as the load. In order to have a variable resonant
frequency, the capacitor is variable. Large signal amplification can be obtained if the frequency of input
signal is similar to the frequency of resonance of the LC circuit.

Operation of Single Tuned Amplifier

The circuit operation of single tuned amplifiers begins with the application of the high-frequency signal
that is to be amplified at the base-emitter terminal of the transistor. By varying the capacitor employed in
the tuned circuit, the resonant frequency of the circuit can be made equivalent to the frequency of the
applied input signal.

Here, the high impedance is offered to the signal frequency by the tuned circuit. Thus, a large output is
achieved. For an input signal with multiple frequencies, only the frequency that corresponds to resonant
frequency will get amplified. While all other frequencies are rejected the LC circuit.

Hence, only the desired frequency signal gets selected and thus amplified by the circuit.
Voltage gain and frequency response

For a tuned amplifier, voltage gain is given by



_ BRac _ PL/CR
Yin Tin
_ _BL

i CRYin

Ay

: Rac= impedance of tuned circuit
z=L/CR

Iin= input impedance

Let us now move further and have a look at the frequency response curve shown below:
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Frequency response curve of

tuned amplifier

As we know that the impedance of the circuit is very high and is entirely resistive in nature at the frequency

of resonance.

Thus, the maximum voltage is obtained across RL for a circuit tuned at the resonant frequency.

The bandwidth for a tuned amplifier is given as

BW=f2—f1 =%

Any frequency within this range will be amplified by the amplifier.

Cascading effect on bandwidth

Cascading of multiple stages of a tuned amplifier is basically done, to improve the overall gain of the
system. As the total gain of the system is the result of the product of gain of each stage of the amplifier.



Double Tuned Amplifier

The double-tuned amplifier is one of the types of tuned amplifiers. The designing of this circuit can be
done using two tuned circuits which are coupled inductively. The primary tuned circuit includes L1, C1
whereas the secondary circuit includes L2 C2. Here L1C1 and L2C2 are inductors and capacitors. In the
collector terminals of the circuit, the coupling change in the tuned circuit will result in the change in the
curve shape of frequency response. The adjustment of proper coupling among the two coils kin the double-
tuned circuits, the necessary outcomes may be attained.

What is a Double Tuned Amplifier?

This is one kind of tuned amplifier that uses the coupling of transformer among the two stages like
inductances of both the windings. The tuning of these windings can be done separately across a capacitor.

For the transformer, there is a critical value of coefficient where the amplifier’s frequency response can
be even maximally within the passband & the gain of this can be highest at the resonant frequency. The
coupling can be used by the design which is greater than over coupling to get a level wider BW at the
expenditure of a minute loss of gain within the middle of the passband.

The multiple stages of cascading in the amplifier can result in the bandwidth reduction in the entire
amplifier. The BW of these stages includes 80% of the BW of the single stage. A substitute to these tuning
neglects the bandwidth loss is called as staggered tuning. These amplifiers can be planned to a prearranged
bandwidth that is superior to the BW of any single stage. But, this tuning needs several stages & includes
less gain compare with double tuning.

Construction and Operation of Double Tuned Amplifier

The construction of this amplifier can be understood by the following circuit. This circuit can be built
with two tuned circuits namely L1C1 & L2C2 within the collector segment of the amplifier.


https://www.elprocus.com/dc-amplifier-circuit-diagram-characteristics-applications/
https://www.elprocus.com/what-is-inductor-and-inductance-with-formulas/
https://www.elprocus.com/power-transformer-design-with-specifications/
https://www.elprocus.com/ceramic-capacitor-working-construction-applications/

Q 2
+ Vee

R1

— CE

'll”l‘

The sign at the o/p of the primary tuned circuit like L1C1 can be coupled with the secondary tuned circuit
like L2C2 throughout the common coupling technique. The other details of this circuit are similar to the
single tuned amplifier.

Operation

The signal which has to amplify is a high-frequency signal and it is given to the i/p of the amplifier. The
primary tuning circuit like L1C1 can be tuned toward the 1/p signal frequency.

In this state, the tuned circuit gives high reactance toward the signal frequency. As a result, huge o/p
becomes visible at the o/p of the primary tuned circuit then it is coupled with the secondary tuned circuit
like L2C2 using mutual induction. These circuits are widely used to connect different circuits of TV and
radio receivers.
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Based on the concept of mutual inductance, the coupling is shown in the following figure. As the two coils
are spaced separately, the primary coil’s flux linkages will not link to the secondary coil. Here the two



coils are represented with L1 & L2. At this state, these coils have loose coupling. The reflected resistance
from the L2 coil on this state is minute & the resonance curve is sharp.

When the two coils are arranged together, then they have tight coupling. Below these forms, the reflected
resistance will be huge & the circuit is lesser. The gain maxima two positions are obtained one above &
the other under the resonant frequency.

Bandwidth

The bandwidth of this amplifier is shown in the above figure which states that the BW rises by the amount
of coupling. In a double-tuned circuit, the determining factor is not Q other than the coupling. From this,
we can conclude that for a known frequency when the coupling is tighter then the bandwidth will be

greater.
! f
1
Gain : Loose Coupling
1
|
' K
1
I Tight Coupling
I
ALY
I
I
I
I
O I
I
' Frequency ’
bandwidth-of-double-tuned-amplifier
The bandwidth equation is given as
BWat = kfr
In the above equation
‘BWat’ is BW of a double-tuned circuit
‘K’ 1s a coupling coefficient
“fr’ is a resonant frequency.
Advantages
The advantages of the Double Tuned Amplifier include the following.
. The main advantage of a double-tuned amplifier is an amplifier including a tuned circuit on the
input & the output.
. It has a narrow bandwidth.
. One more advantage of this circuit is impedance matching using the previous phase, etc.

. 3 dB BW is large
. It gives a frequency response including flatter sides.



. When the overall gain is increased then sensitivity will be increased. Here sensitivity is the
capacity of receiving weak signals.
. Selectivity is improved.

Disadvantages

The disadvantages of a Double Tuned Amplifier include the following.

. These are not suitable for amplifying audio frequencies
. If the frequency band increases, then this design becomes complex
. The design uses tuning elements like capacitors & inductors, then the circuit is costly & bulky.

Applications of Double-tuned Amplifier
The applications of Double Tuned Amplifier include the following

. It is used in a superheterodyne receiver like an IF (intermediate frequency) amplifier.

. It is used in a satellite transponder like an intermediate frequency amplifier.

. These amplifiers are used within UHF radio relay systems.

. It is used in a spectrum analyzer like extremely narrow-band intermediate frequency amplifier
. These amplifiers are used like wideband tuned amplifiers intended for video amplification.

. These amplifiers are used like RF amplifiers within receivers.

Stagger Tuned Amplifier

Staggered tuned amplifier definition is an amplifier that is used to improve the total frequency response
of the tuned amplifier. Usually, these amplifiers are designed to exhibit an overall response for maximal
flatness in the region of the center frequency. The total frequency response of this amplifier can be
achieved by adding up the separate response as one. When the different tuned circuit’s resonant
frequencies are staggered otherwise displaced, then it is known as a stagger tuned amplifier.

Stagger Tuned Amplifier Working

The circuit diagram shown below is a two-stage stagger tuned amplifier. In this circuit, the stagger tuning
can be achieved by producing the tuned circuits like L1C1 and L2C2 to a little different frequency.
The stagger tuned amplifier circuit is shown below.



Fig. Stagger-tuned-amplifier

The double-tuned amplifier offers high BW like 3dB. However, the arrangement of this amplifier is not
easy. So to conquer this difficulty two single tuned cascaded amplifiers are employed which have certain
bandwidth. The resonant frequencies of BWs are adjusted and divided through an amount equivalent to
the BW of every stage.

As these frequencies are staggered and called as stagger tuned amplifiers. The characteristics of these
amplifiers are shown below. The following image shows the main relationship between individual stages
amplification characteristics within a stagger tuned amplifier.

The amplifier using stagger tuning has greater BW, faster passband and number of stages used. The flatter
will be the passband. The circuit is called stagger because the tuned circuit’s resonance frequencies are
displaced.

Amplitudf Amplitudﬁ

1.0 1.0

0.707 0.707

Response of individual tuned amplifier Overall response of stagger tuned amplifier

Fig. Stagger-tuned-amplifier-output-response

The stagger tuned amplifier’s total frequency response is contrasted with the equivalent and separate
single tuned stages. These stages include similar resonant circuits. In the following characteristics, the
staggering decrease in the total amplification of the middle frequency to 0.5 of the crest amplification of
the separation stage. At middle frequency, every stage includes 0.707 crest amplification of the separation
stage. Therefore, the corresponding voltage amplification for each stage of the stagger will be 0.707 times
higher when the two similar stages are utilized without staggering.


https://www.elprocus.com/double-tuned-amplifier-working-and-its-applications/
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Fig. Stagger-tuned-amplifier-characteristics

But, the 3dB BW of the stagger pair is V2 times higher than the BW of an individual single tuned stage.
Therefore the corresponding gain BW product for each stage of stagger tuned pair can be 0.707 x \2 is
equal to 1.00 times with the separate single tuned stages.

The thought of stagger tuned can be simply expanded to additional stages. In 3-stage staggering, the tuning
of the primary circuit can be adjusted to a lower frequency than the center frequency. The 3rd circuit can
be adjusted to high frequency compared with middle frequency. The tuned frequency which is in middle
is adjusted at the precise center frequency.

Advantages and Disadvantages

The stagger tuned amplifier advantages & disadvantages include the following.

. Increased BW. Compare with a single tune, the BW is V2 times.
. High value of gain BW.
. In every stage of the amplifier, there is a small difference within the resonance. Therefore,

enhanced stability within an operation can be obtained.

. The bandpass of this amplifier is faster compare with a single tuned amplifier. The alignment of
this circuit is easy when we compare it with the single tuned amplifier.

Applications
It is used in,

e Superheterodyne receiver as an IF (intermediate frequency) amplifier

o UHF radio relay systems.

o extremely narrow-band intermediate frequency amplifier within a spectrum analyzer
 for video amplification like a wideband tuned amplifier.

o RF amplifiers within receivers


https://www.elprocus.com/single-tuned-amplifier-working-and-its-applications/

SOLVED PROBLEMS
Problem.1

A parallel resonant circuit has an inductance of 150 pH and a capacitor of 100 pF. Find the resonant
frequency.

Given:
L=150 uH, C =100 pF

Solution:

1

fo= 27\ LC
|

"~ 2m[ 150 x 106 x 100 x 10-12

We know that, Resonant frequency,

= 1.3 x 106
T MHz_|

[l

Jo

Problem. 2

Calculate the bandwidth between the half-power points of circuit which resonates at 1 MHz frequency
and has Q of 100.

Given:

fo=1MHz, Qo =100

Solution:
.fn 1 X 106
Bandwidth = Q—o = S0 10 KHz
BW = 10KHz
Problem. 3

A tuned amplifier has its maximum gain at a frequency 2 MHz and bandwidth of 50 KHz. Find the Q-
factor.

Given:

fo=2 MHz, BW =50 KHz



Solution:

We know that
To
BW e Qo
oy iilgsil8
Qo= BW =0l0dd 2
Q; =.40

Comparison of Tuned Amplifiers

Parameter Single Tuned Double Tuned Bgec :l"uned
Amplifier

Tuning Single Two tuned circuits | More than two tuned

circuit amplifiers connected

in cascade

Successive circuits

Frequency | Cascaded stages are Tuned to same _
tuned to same frequency | center frequency | ar¢ tuned to different
frequencies 3 dB
bandwidth of
staggered
Parameter Single Tuned Double Tuned Stagger Tuned
Amplifier
3dB Narrow Larger than sin ircui
. gle | Circuit has+/ 2
Senccih tuned amplifiers | times 3 dB t\:-/a_mlwidth
of individual stage.
Frequency | ¥ A Ay
A, i
response —
g L YO\
7
3dB ¢ .
f
Design® Easy Complex Similar to single
tuned amplifier




Advantages of Tuned Amplifiers

1. They amplify the desired frequencies

i1. Good SNR

iii. Suitable for radio transmitters and receivers
iv. The range of frequencies can be varied.

Disadvantages of Tuned Amplifiers

1. Not suitable for amplifying audio frequencies

ii. If band of frequency is increased, design becomes complex
iii. Circuit is bulky and expensive.



