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Abstract

The frequency response of transistor amplifiers is a key performance characteristic that determines their suitability for broadband
and frequency-selective applications. This study comparatively evaluates the performance of a conventional single-stage
common-emitter transistor amplifier and a tuned single-stage common-emitter transistor amplifier using NI Multisim 11.0. Both
amplifier configurations were designed and simulated under identical operating conditions using a 2N2222A NPN transistor, a
12 V supply, identical biasing networks, and the same passive components. The only design difference was the replacement of
the collector resistor in the conventional amplifier with a parallel LC resonant circuit in the tuned amplifier. The frequency
response of both amplifiers was evaluated over the frequency range of 10 Hz to 100 MHz, and the voltage gains were calculated
from the simulated output waveforms and expressed in decibels (dB). The results showed that the conventional amplifier
maintained a nearly constant mid-band gain of approximately 54 dB over a wide frequency range, demonstrating excellent
broadband performance. In contrast, the tuned amplifier produced a maximum gain of approximately 72.04 dB at its designed
resonant frequency of 1 kHz, but exhibited a much narrower bandwidth due to its frequency-selective characteristics. The
comparative analysis confirms that the conventional amplifier is better suited for broadband signal amplification, whereas the
tuned amplifier is more appropriate for narrow-band and radio-frequency applications requiring high gain at a specific frequency.
These findings provide useful guidance for selecting suitable transistor amplifier configurations for broadband and frequency-
selective electronic and communication applications.
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1. Introduction

Transistor amplifiers are among the most fundamental
building blocks of analog electronic systems because they pro-
vide voltage, current, and power amplification required in
communication, instrumentation, audio, and signal-pro-
cessing applications. Among the various transistor amplifier
configurations, the common-emitter (CE) transistor amplifier
is the most widely used because it offers high voltage gain,
moderate input impedance, and excellent overall performance
in small-signal amplification [1, 22, 27]. Depending on the in-
tended application, common-emitter amplifiers may be de-
signed either as conventional broadband amplifiers or as tuned
amplifiers to achieve specific frequency response characteris-
tics.

The conventional single-stage common-emitter transistor
amplifier is designed to provide relatively uniform gain over
a wide range of frequencies, making it suitable for broadband
signal amplification in audio amplifiers, instrumentation sys-
tems, and general-purpose electronic circuits [9]. In contrast,
the single-stage tuned common-emitter transistor amplifier in-
corporates an LC resonant circuit in the collector network to
provide maximum voltage gain at its resonant frequency while
attenuating signals outside the desired frequency band. Con-
sequently, tuned amplifiers are widely used in radio-frequency
(RF) receivers, transmitters, intermediate-frequency (IF)
stages, and communication systems where frequency selectiv-
ity is required [11]..

The frequency response of an amplifier is one of the most
important parameters used to evaluate its performance be-
cause it determines the range of frequencies over which the
amplifier can provide useful gain. This response is commonly
represented using a Bode magnitude plot, which illustrates the

variation of voltage gain with frequency on a logarithmic scale.

Important performance parameters, including mid-band gain,
lower cutoff frequency, upper cutoff frequency, bandwidth,
and resonant frequency, can be determined directly from the
amplifier's frequency response [22]. Therefore, frequency re-
sponse analysis provides an effective means of comparing dif-
ferent amplifier configurations under identical operating con-
ditions.

Several researchers have investigated transistor amplifier
performance using simulation and experimental approaches.
[1]. discussed the theoretical operation and frequency re-
sponse characteristics of common-emitter transistor amplifi-
ers, highlighting the influence of coupling capacitors, transis-
tor parasitic capacitances, and bias conditions on amplifier
bandwidth. [22] presented a comprehensive analysis of tran-
sistor amplifier frequency response and demonstrated the ef-
fects of internal transistor capacitances on high-frequency per-
formance. [9] examined the design and operation of small-sig-
nal transistor amplifiers, emphasizing the relationship be-
tween gain, bandwidth, and transistor biasing. [11] explained
the operation of tuned amplifiers and showed how LC reso-
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nant circuits improve gain and frequency selectivity in com-
munication applications. Similarly, [17] demonstrated the use-
fulness of Multisim simulation software for analyzing elec-
tronic circuits and validating amplifier performance before
hardware implementation. [5] proposed an analytical ap-
proach for evaluating the exact frequency response of com-
mon- emitter amplifiers, demonstrating improved accuracy in
determining gain and pole locations compared with conven-
tional approximation methods. [15] experimentally investi-
gated the frequency response of a common-emitter BJT am-
plifier and demonstrated the influence of coupling, bypass,
and Miller capacitances on amplifier bandwidth. [3] devel-
oped a state-space modeling approach for bipolar junction
transistor amplifiers and demonstrated the dynamic fre-
quency-dependent behavior of common-emitter amplifier
configurations. [14] proposed recursive shunt-circuit transfor-
mations for transistor frequency-response analysis, providing
a rigorous approach for evaluating gain, bandwidth, and sta-
bility in analog amplifier circuits. [16] compared several sin-
gle-stage amplifier configurations through simulation and
showed that amplifier topology significantly influences volt-
age gain, impedance characteristics, and application suitabil-
ity.

Although these studies provide comprehensive theoretical
explanations of transistor amplifier operation, most focus on
individual amplifier configurations rather than providing a di-
rect comparison between a conventional single-stage com-
mon-emitter transistor amplifier and a single-stage tuned com-
mon-emitter transistor amplifier under identical operating
conditions. Furthermore, relatively few studies employ Multi-
sim 11.0 to compare the two amplifier configurations using
identical transistor parameters, supply voltage, bias conditions,
and input signal characteristics while evaluating their fre-
quency response, bandwidth, and frequency-selective behav-
iors. This limitation makes it difficult to clearly demonstrate
the practical differences between broadband and tuned ampli-
fier performance.

This study addresses this gap by designing, simulating, and
comparing a conventional single-stage common-emitter tran-
sistor amplifier and a single-stage tuned common-emitter tran-
sistor amplifier using Multisim 11.0 under identical operating
conditions. The frequency response of both amplifiers is eval-
uated over the frequency range of 10 Hz to 100 MHz, this fre-
guency range was selected to capture the low-frequency, mid-
band, and high-frequency operating regions of both amplifier
configurations, thereby enabling a comprehensive evaluation
of their broadband and frequency-selective characteristics and
the corresponding voltage gains are analyses using Bode mag-
nitude plots. The comparison focuses on gain, bandwidth, res-
onant frequency, and frequency-selective characteristics in or-
der to determine the advantages and limitations of each ampli-
fier configuration. The findings are expected to provide useful
guidance for students, researchers, and practicing engineers in
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selecting appropriate amplifier configurations for broadband
and narrow-band electronic applications.

2. Methodology

This study adopted a simulation-based comparative re-
search approach to evaluate the performance of a conventional
single-stage common-emitter transistor amplifier and a single-
stage tuned common-emitter transistor amplifier. A simula-
tion-based approach was employed because it enables a con-
trolled comparison of amplifier configurations while eliminat-
ing variations associated with component tolerances, meas-
urement uncertainties, and environmental conditions that may
arise in experimental hardware implementations. Both ampli-
fier configurations were designed and simulated using NI
Multisim 11.0, which provides reliable circuit simulation and
frequency-domain analysis tools for evaluating analog elec-
tronic circuits under identical operating conditions. The cir-
cuits were designed using identical transistor parameters, sup-
ply voltage, biasing conditions, and passive component values
to ensure that any observed differences in performance re-
sulted solely from the collector load configuration. The con-
ventional amplifier employed a resistive collector load,
whereas the tuned amplifier utilized a parallel LC resonant cir-
cuit to achieve frequency-selective amplification [11]. The re-
search methodology comprised four sequential stages: (i) de-
sign of the conventional amplifier, (ii) design of the tuned am-
plifier, (iii) simulation and frequency-response analysis of
both amplifier configurations, and (iv) comparative evaluation
of their voltage gain, frequency response, bandwidth, resonant
characteristics, phase response, and output waveform quality.

2.1. Circuit Design

The circuit design involved the development of two ampli-
fier configurations: a conventional single-stage common-
emitter transistor amplifier and a single-stage tuned common-
emitter transistor amplifier, both employing a 2N2222A NPN
bipolar junction transistor. Both amplifier configurations em-
ployed the same supply voltage, voltage-divider bias network,
quiescent operating point, source resistance, collector and
emitter resistors, and coupling and bypass capacitors to ensure
a fair performance comparison [13]. The only design differ-
ence between the two amplifier configurations was the collec-
tor load. The conventional amplifier employed a resistive col-
lector load, whereas the tuned amplifier utilized a parallel LC
resonant circuit to provide frequency-selective amplification
[12].. The detailed design procedures, component calculations,
and circuit implementations for both amplifier configurations
are presented in the following sections.

2.1.1. Selection of the Supply Voltage (V¢¢)

The supply voltage was selected to ensure safe operation of
the transistor by remaining well below its maximum collector-
emitter voltage rating. According to the 2N2222A transistor
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datasheet, the maximum collector-emitter voltage (Vego) i
40 V [24]. Therefore, a supply voltage of 12 V was selected
because it provides a safe operating margin below the transis-
tor's maximum voltage rating while remaining suitable for la-
boratory implementation and practical amplifier design. The
selected supply voltage also served as the basis for determin-
ing the transistor quiescent operating point and the subsequent
biasing component values.

Vee = 12V @

2.1.2. Selection of the Operating Point (Q-Point)

The operating point (Q-point) defines the steady-state DC
operating conditions of the transistor and is specified by the
collector current (I;), base current (1), and collector-emitter
voltage (Vg) [21]. A properly selected Q-point ensures that
the transistor operates in the active region throughout the input
signal cycle, thereby minimizing distortion and enabling lin-
ear amplification. The base current was determined using
Equation (2):

)

To obtain a nearly symmetrical output voltage swing while
maintaining transistor operation within the active region, the
collector-emitter voltage was selected within the range

©)

For the selected supply voltage of V.. = 12V, the lower
limit of the recommended operating range is

Vep =

A collector current of I, = 4mA was selected as the design
specification for the low-power small-signal amplifier. As-
suming a transistor current gain of =200, the corresponding
base current is calculated as follows:

_ 4x1073
200

I =2x 10754 = 20pA

Accordingly, the selected DC operating point for the ampli-
fier design is

1) VCC = 12V
2) I = 4mA
3) I, = 20uA

These operating conditions provide sufficient collector-
emitter voltage for nearly symmetrical signal amplification
while maintaining transistor operation in the active region.

2.1.3. Selection of the Collector and Emitter
Resistors

The collector resistor (R.) and emitter resistor (Rg) were
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selected to establish the desired DC operating point while en-
suring stable transistor operation, adequate voltage gain, and
improved thermal stability. For a common-emitter transistor
amplifier operating in the active region, the emitter current is
approximately equal to the collector current [8]., that is,

(4)

For symmetrical output voltage swing and improved ther-
mal stability, the collector and emitter resistors were selected
to have approximately equal value. Applying Kirchhoff's
Voltage Law (KVL) to the collector-emitter [6] loop gives

Vec = IcRe + Vg + IgRg )
This follows directly from
)1, ~ I
2) R; = Rg
Vee = Ic(Re + Rg) + Vg
Hence, R; = % (6)

Substituting the selected design values, Vyc = 12V, Vg =
4V and I, = 4mA gives

_ 12-4
T 2x4x1073

2~ 10000 = 1k0

R
¢ 0.008

Since Rz = R,

For design symmetry and improved thermal stability, the
emitter resistor was selected equal to the collector resistor;
therefore,

These resistor values establish the desired quiescent operat-
ing point, provide appropriate voltage drops across the collec-
tor and emitter resistors, improve thermal stability, and main-
tain sufficient collector-emitter voltage for nearly symmetrical,
low-distortion signal amplification. The same resistor values
were adopted for the tuned amplifier to ensure identical oper-
ating conditions during the comparative performance evalua-
tion.

2.1.4. Selection of the Bias Resistors (Rjand R,)

The bias resistors R, and R, form a voltage-divider bias
network that establishes the required base voltage and ensures
stable transistor operation [3]. A properly designed voltage-
divider bias reduces the influence of transistor current gain
(B) variations and improves thermal stability by maintaining
a nearly constant base voltage [26]. Applying Kirchhoff's
Voltage Law (KVL) to the base-emitter loop [2] gives

LRy, = Vgg + Vg (7)
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where

1) I, is the current flowing through R,

2) Vg is the base-emitter voltage,

3) Vg is the emitter voltage

The emitter voltage is obtained from, Vy = Ryl

Since I =1, =4mA and Ry = 1k then Vy = (4 X
1073)(1000) = 4V

Assuming a silicon transistor, Vg = 0.6V

Therefore, Vg = Vg +Vy = 0.6 + 4 = 4.6V

Applying KVL to the voltage-divider network, V.. =
LRy +Vg where I, =1, + I

Hence,

14 -V
R]_ — cc B
I+Ip

(@)

To minimize the effect of base current on the divider volt-
age, the divider current is selected to be much greater than the
base current. A common design practice [10] is

I, > 10,

In this study, I, = 2515 was selected to provide improved
bias stability.

Since Iz = 20u4,
0.5mA

Because Iy < I,, the base current may be neglected. Equa-
tion (8) becomes

then [, =25 X 20uA = 500uA =

Vece-VB
R, = ——
Iz

12-46 _ 74

Therefore, R, = 103 — o005 = 14.8k0
Similarly, R, = % = 9.2k

Thus, R, = 14.8 k0 and R, = 9.2kQ

These resistor values establish the required base bias volt-
age, maintain transistor operation within the active region, and
improve operating-point stability against variations in transis-
tor current gain and temperature.

2.1.5. Selection of the Source Resistance (R,)

The source resistance (R,) represents the internal re-
sistance of the signal source supplying the input AC signal to
the amplifier. The source resistance influences signal transfer
from the source to the amplifier input and consequently affects
the overall voltage gain and input signal amplitude [20]. The
voltage gain, which serves as one of the principal performance
parameters evaluated in this study, is defined as the ratio of
the output voltage to the input voltage:

_ Vout
Vin

Ay ©9)

where:
1) Ay is the voltage gain,
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2) V,,+ is the output voltage, and

3) V;, is the input voltage.

In this study, the source resistance was fixed at 5 Q, corre-
sponding to the internal output resistance of the NI Multisim
function generator. This value was maintained throughout the
simulations to ensure identical excitation conditions for both
amplifier configurations. A sinusoidal input signal with a peak
amplitude of 10 mV was applied to both amplifiers so that any
observed performance differences resulted solely from the
amplifier topology. Under ideal small-signal conditions, the
voltage gain is approximately proportional to the ratio of the
collector resistance to the source resistance, and may be ex-
pressed as

Ay, =
v (10)
Rearranging Equation (9) gives
R
0= (11)

Equations (9) and (10) illustrate the theoretical relationship
between the collector resistance, source resistance, and volt-
age gain of the amplifier under simplified small-signal condi-
tions. They indicate that the source resistance influences the
achievable voltage gain, with lower source resistance gener-
ally resulting in greater signal transfer to the amplifier input.
In this study, however, the source resistance was maintained
at a constant value throughout all simulations so that any ob-
served differences in voltage gain and frequency response re-
sulted solely from the amplifier topology rather than changes
in the excitation source.

2.1.6. Selection of the Capacitors

The coupling and bypass capacitors were selected to ensure
efficient transmission of AC signals while maintaining the re-
quired DC operating conditions of the amplifier [28]. The in-
put and output coupling capacitors block DC components
while allowing AC signals to pass, whereas the emitter bypass
capacitor provides a low-reactance path around the emitter re-
sistor, thereby reducing AC negative feedback and increasing
the amplifier voltage gain [25]. The same capacitor values
were subsequently adopted for the single-stage tuned com-
mon-emitter transistor amplifier to ensure identical operating
conditions for the comparative performance evaluation.

(i) Selection of the Input Coupling Capacitor(C;,)

The input coupling capacitor and the amplifier input re-
sistance form a high-pass RC network. The voltage across the
input resistance is given by [18]

R
1 Vinput
RZ+

Vr

(12)

wZc2

where
1) R = R2
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2) C =Cyy

3) w=2nf

4) fis the input signal frequency.

For audio-frequency amplifier design, the lowest operating
frequency was selected as 20 Hz [23] to establish the lower
cut-off frequency. At this frequency, the capacitor was se-
lected such that the voltage across the input resistance was
one-half of the input voltage [19], that is,

Therefore IR

" Vin

(13)

2
Substituting Equation (12) into Equation (11) gives

1
/3R§w2

Were, w = 2nf =2 X 3.142 X 20 = 123.68rad/s

Substituting, R, = 9.2k,

gives C;, = 2.67 x 1077F = 0.267uF,

Therefore, an input coupling capacitor of 0.267uF was se-
lected

(i) Selection of the Output Coupling Capacitor (C,,;)

The output coupling capacitor was determined using the
same design approach. The voltage across the collector load
resistor is expressed as

Cin

R

Vg = Twzlcz Vout (14)
At the lower cut-off frequency,
VR _ l
Vour 2 (15)

1

/3Rczw2

Using, R, = 1000Q and w = 125.68rad/s,

gives, Coye = 4.59 X 1076 = 4.5uF

Accordingly, an output coupling capacitor of 4.59uF was
selected

(iii) Selection of the Emitter Bypass Capacitor (Cg)

The emitter bypass capacitor provides a low-reactance path
for AC signals around the emitter resistor, thereby reducing
AC negative feedback and increasing the voltage gain of the
amplifier. The capacitor value was determined from the RC
time-constant relationship [29],

Therefore, C,yr =

T=RC (16)

1

f

At the lowest operating frequency, f = 20Hz
Therefore, T = % = 0.05s

Were, T =

Hence, C; = L
Rg
Substituting, Rz = 100002
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0.05

1000

gives Cp = 5% 1075F = 50uF

Therefore, an emitter bypass capacitor of 50uF was selected.

The selected capacitor values provide effective AC cou-
pling, preserve the required DC bias conditions, and ensure
adequate low-frequency response for the conventional single-
stage common-emitter transistor amplifier. To facilitate a fair
comparative performance evaluation, the same capacitor val-
ues were adopted for the tuned amplifier. Consequently, both
amplifier configurations employed identical biasing condi-
tions and passive component values, with the only difference
being the replacement of the collector resistor in the conven-
tional amplifier by a parallel LC resonant circuit in the tuned
amplifier.

2.2. Design of the Conventional Single-Stage
Common-Emitter Transistor Amplifier

Figure 1 illustrates the circuit diagram of the conventional
single-stage common-emitter transistor amplifier designed us-
ing a 2N2222A NPN bipolar junction transistor (BJT). The
amplifier employs a voltage-divider bias network to establish
a stable quiescent operating point, while the collector resistor
provides broadband voltage amplification.

The input and output coupling capacitors isolate the DC bi-
asing network while allowing the AC signal to pass through
the amplifier stages and the emitter bypass capacitor enhances
the AC voltage gain by reducing emitter degeneration. A 12 V/
DC supply and a 10 mV peak sinusoidal input signal were
used throughout the simulation. This circuit served as the ref-
erence amplifier for the study. During the design of the single-
stage tuned common-emitter amplifier, all design parameters,
including the transistor type, supply voltage, bias network,
quiescent operating point, and passive components, were re-
tained. The only modification was the replacement of the col-
lector resistor (R.) with a parallel LC resonant circuit. The
resonant frequency of the tuned circuit was determined from

[4]:

1
fo_Zm/ﬁ

(17)

At resonance, the inductive and capacitive reactance are
equal (X, = X.), causing the parallel LC circuit to exhibit
maximum impedance. This high impedance effectively re-
places the resistive collector load and enables selective ampli-
fication of signals near the resonant frequency.

XsC1l

R1
14.8kQ 1kQ

XFG1

I

]
E
A
& -

0
C1 Q1

0.267uF 2N2222A

R2
9.2kQ

R4
5Q

R5
1kQ

Cc2

‘]’ 50uF

— 12V

1

Figure 1. Conventional single-stage common-emitter transistor amplifier.

2.3. Design of the Single-Stage Tuned Common-
Emitter Transistor Amplifier.

Figure 2 illustrates the circuit diagram of the designed sin-
gle-stage tuned common-emitter transistor amplifier devel-
oped using a 2N2222A NPN bipolar junction transistor (BJT).
The circuit was developed under the same operating condi-
tions as the conventional single-stage common-emitter ampli-
fier to enable a fair comparative performance evaluation. The
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same 2N2222A NPN transistor, supply voltage (V.), volt-
age-divider bias network (R; and R,), emitter resistor
(Rg), input coupling capacitor (C;,), and emitter bypass ca-
pacitor (Cg) were retained. The only modification was the re-
placement of the collector resistor with a parallel LC resonant
circuit connected across the primary winding of a 1: 1 trans-
former, thereby making the amplifier frequency selective. The
resonant frequency of the tuned circuit was selected as f, =
1kHz Using a standard capacitor value of C = 0.1uF, the re-
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quired inductance was determined from the resonance equa-
tion:

1
T @rf)2c (18)
Substituting, f, = 1kHz and C = 0.1pF gives

1
T (2%3.142x1000)2(1x10~7)

_ 1
(6284)2x10~7

1
T 3.948x107x10~7

!
" 3948

L =0.253H

The resonant circuit parameters were therefore selected as
follows:

1) Resonant frequency (f;) = 1kHz,

2) Capacitor (C) = 0.1pF and

3) Inductor(L) = 0.253H

The transformer was modeled with a primary inductance of
0.253 H, a secondary inductance of 0.253 H, and a coupling
coefficient of 0.99. At resonance, the parallel LC circuit pre-
sents a maximum impedance to the collector, thereby produc-
ing the largest voltage swing across the collector load and
maximizing the amplifier voltage gain. Signals away from the
resonant frequency encounter lower collector impedance and
are therefore attenuated, providing the desired frequency se-
lectivity. Unlike the conventional amplifier, no output cou-
pling capacitor was used because the transformer provides
electrical isolation between the collector circuit and the output,
allowing only the amplified AC signal to be coupled through
the secondary winding [7]. Thus, the circuit shown in Figure
2 provides a narrow-band, frequency-selective amplifier suit-
able for comparing the voltage gain, resonant response, band-
width, and frequency selectivity of the tuned amplifier with
those of the conventional single-stage common-emitter tran-
sistor amplifier under identical operating conditions.

R1

14.8kQ 0.

XFG1

Cin
1
0.267uF

R2
9.2kQ

. 1uF

Q1

2N2222A

R4
5Q

R
I

VULV 4

R3

1kQ

Cl
—=50pF

1

Figure 2. Single-stage tuned common-emitter transistor amplifier.

3. Simulation Procedure for
Conventional and Tuned Common-
Emitter Amplifiers

The peak voltage of each waveform was determined using
Equation (17):

__ Number of Vertical DivisionsXChannel Scale
- 2

A (19)

where:
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1) V,= peak voltage (V)
2) Channel Scale = oscilloscope vertical scale (V/div or
mV/div)
The voltage gain of each amplifier was calculated using
Equation (Sobot 2013)(23):

L)
Vinm) (20)

To facilitate comparison using the standard representation
adopted in electronics literature, the voltage gain was con-
verted to decibels (dB) using:
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Ay (dB) = 20log,,(Ay) (21)

The conventional single-stage common-emitter transistor
amplifier was first simulated at an input frequency of 10 Hz
using a sinusoidal input signal with a peak amplitude of 10
mV. The input and output waveforms were displayed simulta-
neously on the oscilloscope, as shown in Figure 3. For the in-
put signal, Channel A was set to 10 mV/div, and the waveform
occupied approximately 2 vertical divisions from peak to
trough. Applying Equation (17),

2xX10mV
Vinwy = —5 —

=10mV

For the output signal, Channel B was set to 10 mV/div, and
the output waveform occupied approximately 4.8 vertical di-
visions from peak to trough. Therefore,

4.8X10mV

Vout(p) = 2 = 24mV

Substituting these values into Equation (18),

24mv
Ay = =24
10mv

The corresponding voltage gain in decibels is
Ay = 20log,y(2.4) = 7.60dB

Therefore, the conventional single-stage common-emitter
transistor amplifier produced a voltage gain of 2.4, corre-
sponding to 7.60 dB at 10 Hz.

The same measurement procedure was repeated for all se-
lected frequencies between 10 Hz and 100 MHz while main-
taining the input signal at 10 mV peak. The measured output
voltages were used to calculate the corresponding voltage
gains, and the results are presented in Table 1. Similarly, the
single-stage tuned common-emitter transistor amplifier was

simulated under the same operating conditions using an input
frequency of 10 Hz and a sinusoidal input signal with a peak
amplitude of 10 mV. The corresponding input and output
waveforms are shown in Figure 4. For the input signal, Chan-
nel A was set to 10 mV/div, and the waveform occupied ap-
proximately 2 vertical divisions. Hence,

_ 2x10mV

For the output signal, Channel B was set to 1 mV/div, and
the waveform occupied approximately 0.5 vertical divisions.
Therefore,

_ 0.5x1my

Vout(p) = = 0.25mV

Substituting these values into Equation (18),

0.25mV
AV =
10mv

0.025

The corresponding voltage gain expressed in decibels (dB)
is

Thus, the single-stage tuned common-emitter transistor am-
plifier produced a voltage gain of 0.025, corresponding to
—32.04 dB at 10 Hz. Figure 3 illustrates the input and output
waveforms of the conventional single-stage common-emitter
transistor amplifier, whereas Figure 4 presents the correspond-
ing waveforms for the single-stage tuned common-emitter
transistor amplifier. The above procedure was repeated for all
selected frequencies between 10 Hz and 100 MHz under iden-
tical simulation conditions, and the calculated voltage gains
were subsequently used to construct the frequency-response
curves and Bode magnitude plots presented in the Results and
Discussion section.
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Figure 3. Conventional Single-Stage Common Emitter Transistor Amplifier Waveform.
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Figure 4. Single-Stage Tuned Common-Emitter Transistor Amplifier Waveform.

Table 1 Simulation data for the comparative performance
evaluation of the conventional single-stage common-emitter
transistor amplifier and the single-stage tuned common-emit-
ter transistor amplifier. A constant 10 mV peak sinusoidal in-
put signal was applied throughout the simulations. The meas-
ured output voltages were used to calculate the corresponding

voltage gains in linear scale and decibels (dB), providing the
basis for comparing the frequency response, bandwidth, and
frequency-selective characteristics of the two amplifier con-

figurations.

Table 1. Simulation Data for the Comparative Performance Evaluation of the Conventional Single-Stage Common-Emitter Transistor Ampli-

fier and the Single-Stage Tuned Common-Emitter Transistor Amplifier.

Frequency

10Hz
15Hz
100Hz
200Hz
500Hz
1KHz
10KHz
100KHz
1MHz
10MHz
20MHz
50MHz
100MHz

Input Volt-
age (mVp)

10
10
10
10
10
10
10
10
10
10
10
10
10

Conventional

Amplifier Output

(mVp)

24
44
800
1600
3250
4000
4700
5000
5000
4500
3750
2750
1500

Voltage
Gain (V/IV)

2.40
4.40
80.00
160.00
325.00
400.00
470.00
500.00
500.00
450.00
375.00
275.00
150.00
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Gain (dB)

7.60

12.87
38.06
44.08
50.24
52.04
53.44
53.98
53.98
53.06
51.48
48.79
43.52

Tuned Am-
plifier Out-
put (mVp)
0.25

1.45

170

690

4000

40000

2500

124

125

1.25

0.95

0.25

0.1

Voltage
Gain (VIV)

0.025
0.145
17.00
69.00
400.00
4000.00
250.00
12.40
1.25
0.125
0.095
0.025
0.010

Gain (dB)

-32.04
-16.77
24.61
36.78
52.04
72.04
47.96
21.87
1.94
-18.06
-20.45
-32.04
-40.00
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4. Results and Discussion

The frequency-response characteristics of the conventional
and tuned single-stage common-emitter transistor amplifiers
were evaluated using NI Multisim 11.0 over the frequency
range of 10 Hz to 100 MHz The simulated voltage gains were
converted to decibels (dB), and the corresponding Bode mag-
nitude plot is presented in Figure 5, while the calculated val-
ues are summarized in Table 1. These results provide the basis
for comparing the frequency response, bandwidth, and fre-
quency-selective characteristics of the two amplifier configu-
rations, thereby achieving the objectives of this study [9, 22].
Figure 5 shows that the conventional single-stage common-
emitter transistor amplifier exhibits a broad and relatively flat
mid-band frequency response. At low frequencies, the voltage
gain is relatively small because the input coupling capacitor
and emitter bypass capacitor introduce high reactance, which
attenuates the input signal. As the frequency increases, the
gain rises steadily from 7.60 dB at 10 Hz to approximately 54
dB over the mid-band region (100 kHz — 1 MHz), before grad-
ually decreasing at higher frequencies because of the transis-
tor's internal junction capacitances and other parasitic effects
that limit high-frequency performance (Table 1; Figure 5).
This behavior agrees with the theoretical frequency response
of common-emitter transistor amplifiers reported by [1, 22],
confirming the wide bandwidth and stable mid-band perfor-
mance of the conventional amplifier.

In contrast, the single-stage tuned common-emitter transis-
tor amplifier exhibits a highly frequency-selective response.
At low frequencies, the amplifier produces very low gain be-
cause the LC tuned circuit operates far below its resonant fre-
quency and therefore does not efficiently transfer signal en-
ergy. As the input frequency approaches the designed resonant
frequency of 1 kHz, the gain increases rapidly and reaches a
maximum value of approximately 72.04 dB, after which it de-
creases sharply as the frequency moves away from resonance
(Table 1; Figure 5). This behavior is consistent with the theory
of tuned amplifiers, where maximum amplification occurs at
resonance, the inductive and capacitive reactances are equal
(Xc = X)), causing the parallel LC circuit to present maxi-
mum impedance at the collector. Consequently, the voltage
gain reaches its maximum value [1, 11].

The comparison between the two amplifier configurations
clearly demonstrates their different operating characteristics.
Although the single-stage tuned common-emitter transistor
amplifier provides significantly higher gain at its resonant fre-
quency than the conventional amplifier, its useful operating
bandwidth is much narrower because effective amplification
occurs only within a limited frequency range around reso-
nance. Conversely, the conventional single-stage common-
emitter transistor amplifier provides a lower maximum gain
but maintains relatively constant amplification over a much
wider frequency range. Consequently, the conventional am-
plifier is more suitable for broadband amplification, whereas
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the tuned amplifier is better suited for narrow-band and fre-
guency-selective applications such as radio-frequency receiv-
ers, communication circuits, and signal-selective amplifica-
tion [11, 22].

The Bode magnitude plot presented in Figure 5 further con-
firms these observations. The conventional amplifier exhibits
a gradual increase in gain from 7.60 dB at 10 Hz to approxi-
mately 54 dB in the mid-band region before gradually rolling
off at higher frequencies. In contrast, the tuned amplifier ex-
hibits a pronounced resonant peak at approximately 1 kHz,
followed by a rapid reduction in gain on both sides of the res-
onant frequency. These simulation results agree well with the
theoretical characteristics of broadband and tuned transistor
amplifiers reported in the literature [1, 9].

Overall, the simulation results successfully fulfilled the ob-
jectives of this study by providing a comprehensive compari-
son of the frequency response, bandwidth, and frequency-se-
lective characteristics of the conventional single-stage com-
mon-emitter transistor amplifier and the single-stage tuned
common-emitter transistor amplifier. The conventional ampli-
fier demonstrated excellent wideband performance with
nearly constant mid-band gain, whereas the tuned amplifier
produced substantially higher gain at its designed resonant fre-
quency of 1 kHz but with a much narrower bandwidth. These
findings are consistent with established transistor amplifier
theory and demonstrate that the conventional amplifier is
more suitable for broadband applications, while the tuned am-
plifier is preferred for selective frequency amplification [9,
22].

Frequency Response (Gain-Frequency Characteristics)

——

~+—Conventional Gain (dB)

Tuned Gain (dB)

- -

1000

10000 100000 1000000 10000000 100000000

Frequency (Hz)

Figure 5. Bode magnitude plot comparing the frequency response of
the conventional single-stage common-emitter transistor amplifier
and the single-stage tuned common-emitter transistor amplifier.

5. Conclusion

This study presented a comparative performance evaluation
of a conventional single-stage common-emitter transistor am-
plifier and a single-stage tuned common-emitter transistor am-
plifier using NI Multisim 11.0 under identical operating con-
ditions. The results showed that the conventional amplifier ex-
hibited a broad frequency response with a relatively constant
mid-band gain of approximately 54 dB, making it suitable for
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broadband signal amplification. In contrast, the tuned ampli-
fier achieved a much higher peak gain of approximately 72.04
dB at its designed resonant frequency of 1 kHz, but its gain
decreased rapidly outside the resonant frequency, resulting in
a narrow bandwidth and excellent frequency selectivity.
Therefore, the conventional amplifier is more appropriate for
broadband applications, whereas the tuned amplifier is better
suited for narrow-band and frequency-selective applications
such as radio-frequency communication systems. Overall, the
study fulfilled its objective by demonstrating the differences
in voltage gain, frequency response, bandwidth, and fre-
quency-selective characteristics of the two amplifier configu-
rations. The findings provide useful guidance for the selection
of suitable transistor amplifier configurations for broadband
and narrow-band electronic and communication applications
and may serve as a useful reference for future simulation-
based amplifier design studies.

Abbreviations

AC Alternating Current

BJT Bipolar Junction Transistor
CE Common-Emitter

DC Direct Current

IF Intermediate Frequency
LC Inductor—Capacitor

NI National Instruments

RF Radio Frequency

Ay Voltage Gain

Cg Emitter Bypass Capacitor
Cin Input Coupling Capacitor
C,ue  Output Coupling Capacitor
Ig Base Current

I; Collector Current

Ig Emitter Current

R,,R, Voltage-Divider Bias Resistors
R Collector Resistor

Rg Emitter Resistor

Ry Source Resistance

Vg Base Voltage

Vg Base—Emitter Voltage

Vee Supply Voltage

Ve Collector—Emitter Voltage
Vg Emitter Voltage

X Capacitive Reactance

X, Inductive Reactance

fo Resonant Frequency
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