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Abstract 

The coupling technique employed in multistage transistor amplifiers plays a fundamental role in determining voltage gain, 

frequency response, bandwidth, and overall amplifier performance. Although resistance-capacitance (RC), transformer, and 

direct coupling are widely used in analog electronic systems, their comparative performance under identical operating conditions 

has not been comprehensively investigated. This study aimed to compare the performance of two-stage RC-coupled, transformer-

coupled, and direct-coupled common-emitter transistor amplifiers using Multisim 11.0. Three amplifier configurations were 

designed using identical circuit parameters, including two 2N2222A NPN transistors, a 12 V DC supply, identical voltage-divider 

bias networks, collector and emitter resistors, and the same input signal conditions. The only difference among the circuits was 

the interstage coupling technique. Simulations were carried out over a frequency range of 10 Hz to 100 MHz, and the amplifiers 

were evaluated in terms of voltage gain, frequency response, bandwidth, waveform characteristics, phase relationship, and signal 

amplification behaviors. The simulation results showed that the RC-coupled amplifier exhibited the highest and most stable mid-

band voltage gain of approximately 68 dB together with the widest useful bandwidth, making it the most suitable for general-

purpose voltage amplification. The transformer-coupled amplifier demonstrated moderate performance with a peak gain around 

100 kHz, indicating its suitability for impedance matching and efficient power transfer. The direct-coupled amplifier produced 

the lowest voltage gain under the selected operating conditions but retained the capability to amplify DC and very low-frequency 

signals because it does not employ coupling capacitors or transformers. The study concludes that the choice of coupling technique 

significantly influences transistor amplifier performance. RC coupling is the preferred technique for high-gain, wide-band 

voltage amplification, transformer coupling is advantageous for impedance matching and power amplification, whereas direct 

coupling is most suitable for DC and low-frequency instrumentation applications. These findings provide practical guidance for 

selecting appropriate coupling techniques in the design of multistage transistor amplifiers. 

 

http://www.sciencepg.com/journal/jeee
http://www.sciencepg.com/journal/239/archive/2391404
http://www.sciencepg.com/
https://orcid.org/0009-0007-8268-0570


Journal of Electrical and Electronic Engineering http://www.sciencepg.com/journal/jeee 

 

197 

Keywords 

Common-Emitter Amplifier, RC Coupling, Transformer Coupling, Direct Coupling, Frequency Response, Voltage Gain, 

Multisim 

 

1. Introduction 

Transistor amplifiers are fundamental components of ana-

log electronic systems and play a vital role in communication 

systems, instrumentation, biomedical devices, industrial con-

trol, and consumer electronics. Their primary function is to 

amplify weak electrical signals while preserving the signal 

waveform with minimum distortion [29]. Among the various 

transistor amplifier configurations, the common-emitter (CE) 

amplifier is the most widely used because it provides high 

voltage gain, moderate input impedance, and satisfactory fre-

quency response, making it suitable for both voltage and 

power amplification applications [7, 19]. In many practical ap-

plications, however, a single transistor stage cannot provide 

sufficient gain to meet system requirements. Consequently, 

two or more amplifier stages are connected in cascade to form 

multistage amplifiers, where the method of coupling succes-

sive stages significantly influences voltage gain, bandwidth, 

impedance matching, frequency response, and overall ampli-

fier performance [18]. 

Among the commonly used interstage coupling techniques 

are resistance-capacitance (RC) coupling, transformer cou-

pling, and direct coupling. RC coupling is the most widely 

adopted technique in audio-frequency and low-power voltage 

amplifiers because of its simple circuit design, low cost, and 

relatively flat mid-band frequency response. However, the 

coupling and bypass capacitors introduce attenuation at low 

frequencies, while transistor junction capacitances limit high-

frequency performance [7]. Transformer coupling offers su-

perior impedance matching and efficient power transfer, mak-

ing it suitable for power amplifiers and impedance-sensitive 

circuits. Nevertheless, transformer-coupled amplifiers gener-

ally exhibit reduced bandwidth, increased size, and frequency-

dependent characteristics due to transformer inductance and 

leakage effects [9]. Direct coupling eliminates coupling ca-

pacitors and transformers, thereby enabling the amplification 

of both direct-current (DC) and very low-frequency signals. 

Although this technique is widely used in operational ampli-

fiers and instrumentation systems, it requires careful bias sta-

bilization because of temperature-induced drift and transistor 

parameter variations [19]. 

Several researchers have investigated transistor amplifier 

performance using theoretical analysis, mathematical model-

ling, experimental measurements, and circuit simulation. [12] 

developed a design theory for balanced transistor amplifiers 

and demonstrated improved gain stability and impedance 

matching in high-frequency amplifier circuits. [21] experi-

mentally investigated the frequency response of bipolar junc-

tion transistor amplifiers and reported that collector resistance, 

load resistance, and operating frequency significantly influ-

ence amplifier gain and bandwidth. Although these studies 

improved the understanding of transistor amplifier character-

istics, they focused primarily on amplifier configurations ra-

ther than the influence of coupling methods. 

Recent studies have further advanced transistor amplifier 

analysis. [8] investigated the effect of transistor non-linearity 

on common-emitter amplifier performance and showed that 

transistor parameters significantly influence voltage gain and 

signal linearity. [10] proposed generalized analytical expres-

sions for gain and impedance in single-transistor amplifiers, 

providing a unified mathematical framework for amplifier de-

sign.[23] simulated common-emitter and Darlington transistor 

amplifiers and compared their voltage gain, current gain, 

bandwidth, and power dissipation, concluding that Darlington 

amplifiers provide higher current gain than conventional com-

mon-emitter amplifiers. However, the study focused on tran-

sistor configurations instead of comparing different coupling 

techniques. 

Other studies have concentrated on specific coupling meth-

ods. [3] reported that RC-coupled amplifiers provide stable 

voltage gain and excellent audio-frequency performance, 

making them the preferred choice for small-signal amplifica-

tion. [9] explained that transformer-coupled amplifiers pro-

vide improved impedance matching and higher power transfer 

efficiency but suffer from limited frequency response due to 

transformer characteristics.[18] highlighted that direct-cou-

pled amplifiers are particularly suitable for low-frequency and 

DC applications but require careful bias stabilization to mini-

mize drift and offset errors. Similarly, [11] emphasized that 

amplifier performance depends not only on transistor charac-

teristics but also on component selection, bias stability, and 

circuit topology.[14] further demonstrated that proper bias de-

sign and operating-point selection are essential for achieving 

stable amplifier operation and minimizing signal distortion. 

Despite these significant contributions, most previous in-

vestigations have focused on a single coupling technique, the-

oretical analysis, or comparisons between different transistor 

configurations. Very few studies have presented a systematic 

comparison of RC-coupled, transformer-coupled, and direct-

coupled common-emitter transistor amplifiers designed under 

identical operating conditions using the same transistor type, 

http://www.sciencepg.com/journal/jeee


Journal of Electrical and Electronic Engineering http://www.sciencepg.com/journal/jeee 

 

198 

power supply, biasing network, and load resistance. Conse-

quently, the individual influence of the coupling technique on 

amplifier gain, frequency response, bandwidth, waveform 

characteristics, and overall performance has not been compre-

hensively investigated under comparable conditions. 

To address this gap, the present study designs and simulates 

two-stage RC-coupled, transformer-coupled, and direct-cou-

pled common-emitter transistor amplifiers using Multisim 

11.0 under identical operating conditions. Each amplifier em-

ploys the same 2N2222A transistor, supply voltage, biasing 

arrangement, and component values to ensure a fair compari-

son. The amplifier performances are evaluated in terms of 

voltage gain, frequency response, bandwidth, waveform char-

acteristics, and signal amplification behaviors. The findings 

are expected to provide practical guidance for amplifier de-

signers, researchers, and engineering students in selecting the 

most appropriate coupling technique for specific analog elec-

tronic applications while contributing to the understanding of 

multistage transistor amplifier performance. 

2. Methodology 

The methodology adopted in this study involved the design, 

simulation and comparative performance evaluation of two-

stage RC-coupled, transformer-coupled and direct-coupled 

transistor amplifiers using Multisim 11.0. Three separate am-

plifier circuits were designed under identical operating condi-

tions so that the effect of the coupling technique on amplifier 

performance could be investigated. The comparison was 

based on voltage gain, frequency response, bandwidth, phase 

relationship, waveform distortion and DC bias stability. 

2.1. Circuit Design 

The design of each transistor amplifier was carried out by 

determining the appropriate values of the following circuit pa-

rameters: 

1) Supply voltage (𝑉𝐶𝐶) 

2) DC operating point (Q-point) 

3) Collector and emitter resistors (𝑅𝐶𝑎𝑛𝑑𝑅𝐸) 

4) Base bias resistors (𝑅1𝑎𝑛𝑑 𝑅2) 

5) Source resistance (𝑅𝑔) 

6) Coupling, bypass and output capacitors 

7) Complete circuit configuration 

The design procedure adopted in this study follows the 

standard transistor amplifier design approach described by [4]. 

2.1.1. Selection of the Supply Voltage (𝑽𝑪𝑪) 

The supply voltage must be selected such that it does not 

exceed the maximum collector-emitter voltage rating of the 

transistor. According to the datasheet of the 2N2222A NPN 

transistor, the maximum collector-emitter voltage (𝑉𝐶𝐸𝑂) is 

40 V [1]. Therefore, considering safe operating conditions, 

ease of implementation and laboratory availability, a supply 

voltage of 12V was selected for the design. 

𝑉𝐶𝐶 = 12𝑉                      (1) 

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

The operating point (Q-point) represents the steady-state 

DC operating conditions of the transistor and is defined by the 

collector current (𝐼𝐶), base current (𝐼𝐵) and collector-emitter 

voltage (𝐼𝐸) [30]. A properly selected operating point ensures 

that the transistor operates within the active region, thereby 

providing maximum undistorted signal amplification [28]. 

The base current is determined from: 

𝐼𝐵 =  
𝐼𝐶

𝛽
                       (2) 

were 

1) 𝐼𝐶  = collector current, 

2) 𝐼𝐵 = base current, 

3) β = DC current gain of the transistor. 

To obtain symmetrical output signal swing with minimum 

distortion, the collector-emitter voltage should satisfy [24]: 

𝑉𝐶𝐶

3
< 𝑉𝐶𝐸 <

𝑉𝐶𝐶

2
                   (3) 

For the selected supply voltage, 𝑉𝐶𝐶 = 12𝑉 the lower limit 

of the operating range becomes 𝑉𝐶𝐸 =
12

3
= 4𝑉 

A collector current of 𝐼𝐶 = 4𝑚𝐴 was selected as the design 

operating current. Assuming a transistor current gain of β = 

200 the corresponding base current is: 

𝐼𝐵 =
4×10−3

200
  

𝐼𝐵 = 2 × 10−5𝐴 

𝐼𝐵 = 20𝜇𝐴 

Therefore, 

1) Collector-emitter voltage, 𝑉𝐶𝐸 = 4𝑉 

2) Collector current, 𝐼𝐶 = 4𝑚𝐴 

3) Base current, 𝐼𝐵 = 20𝜇𝐴 

constitute the selected DC operating point (Q-point) for the 

amplifier design. This operating point provides sufficient col-

lector-emitter voltage to allow symmetrical amplification of 

the input signal while minimizing output waveform distortion. 

2.1.3. Selection of the Collector and Emitter 

Resistors 

The collector resistor (𝑅𝐶) and emitter resistor (𝑅𝐸) were 

selected to establish the desired DC operating point while en-

suring stable transistor operation. For a common-emitter am-

plifier, it is generally assumed that the emitter current is ap-

proximately equal to the collector current [24]. that is, 
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𝐼𝐶 ≈ 𝐼𝐸                        (4) 

Furthermore, for symmetrical voltage swing and good ther-

mal stability, the collector and emitter resistors are commonly 

chosen to have approximately equal values [25]. Applying 

Kirchhoff's Voltage Law (KVL) to the collector-emitter loop 

[17] gives: 

𝑉𝐶𝐶 = 𝐼𝐶𝑅𝐶 + 𝑉𝐶𝐸 + 𝐼𝐸𝑅𝐸               (5) 

Since, 𝐼𝐶 ≈ 𝐼𝐸  and 𝑅𝐶 ≈ 𝑅𝐸 

Equation (5) can be simplified to 

𝑉𝐶𝐶 = 𝐼𝐶 (𝑅𝐶 + 𝑅𝐸) + 𝑉𝐶𝐸 

Hence, 𝑅𝐶 =
𝑉𝐶𝐶 − 𝑉𝐶𝐸

2𝐼𝐶
               (6) 

Substituting the selected design values, 

𝑉𝐶𝐶 = 12𝑉, 𝑉𝐶𝐸 = 4𝑉, 𝐼𝐶 = 4𝑚𝐴 

Gives, 𝑅𝐶 =
12−4

2×4×10−3 

𝑅𝐶 =
8

0.008
= 1000𝛺 = 1𝑘𝛺, Since, 𝑅𝐸 ≈ 𝑅𝐶 

Thus, the selected resistor values for the amplifier design 

are: 

𝑅𝐶 = 𝑅𝐸 = 1𝐾𝛺 

These resistor values establish the required operating point, 

provide adequate voltage drop across both the collector and 

emitter resistors, and improve thermal stability while allowing 

sufficient collector-emitter voltage for undistorted signal am-

plification. 

 

2.1.4. Selection of the Bias Resistors (R1 and R2) 

The bias resistors R1 and R2 form the voltage-divider bias 

network, which establishes the required base voltage and en-

sures stable operation of the transistor [22]. A properly de-

signed voltage-divider bias minimizes the influence of transis-

tor current gain (β) variations and improves thermal stability. 

Applying Kirchhoff's Voltage Law (KVL) to the base-emitter 

loop [17] gives: 

𝐼2𝑅2 = 𝑉𝐵𝐸 + 𝑉𝐸                   (7) 

were 

1) 𝐼2 = current flowing through 𝑅2, 

2) 𝑉𝐵𝐸  = base-emitter voltage, 

3) 𝑉𝐸 = emitter voltage 

The emitter voltage is obtained from, 𝑉𝐸 = 𝑉𝐶𝐶 − 𝑉𝐶𝐸 

Substituting the selected design values, 𝑉𝑒 = 12 − 4 = 8𝑉 

Assuming a silicon transistor, 𝑉𝐵𝐸 = 0.6𝑉 

Therefore, 𝐼2𝑅2 = 0.6 + 8 = 8.6𝑉 

Applying KVL to the voltage-divider network gives: 𝑉𝐶𝐶 −

𝑅1𝐼1 − 𝑉𝐵𝐸 − 𝑉𝐸 = 0 

Were, 𝐼1 = (𝐼2 + 𝐼𝐵) 

Therefore, 𝑅1 =
𝑉𝑐𝑐−𝑉𝐵𝐸

(𝐼2+𝐼𝐵)
                 (8) 

To ensure that the transistor base current has negligible ef-

fect on the voltage-divider network, the divider current is se-

lected to be much greater than the base current. A commonly 

accepted design practice is: 𝐼2 ≥ 10𝐼𝐵 [5]. 

In this study, 𝐼2  = 25 × 𝐼𝐵 , was selected to provide im-

proved bias stability. 

Since, 𝐼𝐵 = 20𝜇𝐴, then, 𝐼2 = 25 × 𝐼𝐵, = 25 × 0.00002 = 

0.0005A = 0.5mA 

Because, 𝐼𝐵 ≪ 𝐼2 , the base current can be neglected in 

Equation (8), giving 

𝑅1 = 
12 − 0.6

0.0005
 = 

11.6

0.0005
 = 22800 Ω = 22.8k Ω and 𝑅2 = 

8.6

0.0005
 = 17200Ω = 17.2kΩ 

Similarly, 𝑅2 =
8.6

𝐼2
=

8.6

5×10−3 = 17200𝛺 = 17.2𝑘𝛺 

Therefore, the selected bias resistor values are: 𝑅1 = 22.8 

k Ω and 𝑅2 = 17.2k Ω 

These resistor values establish the required base bias volt-

age, maintain the transistor in the active region, and improve 

the stability of the operating point against variations in tran-

sistor current gain and temperature. 

2.1.5. Selection of the Source Resistance (𝑹𝒈) 

The source resistance (𝑅𝑔)  represents the internal re-

sistance of the signal source supplying the input AC signal to 

the amplifier [13]. The value of 𝑅𝑔 influences the input cur-

rent and, consequently, the voltage gain of the amplifier. Ac-

cording to Ohm's law, the AC emitter current is given by [26]. 

𝑖𝑒 =
𝑉𝑖𝑛𝑝𝑢𝑡

𝑅𝑔
                    (9) 

were 

1) 𝑖𝑒 = AC emitter current, 

2) 𝑉𝑖𝑛𝑝𝑢𝑡 = input AC voltage, 

3) 𝑅𝑔= source resistance. 

For a common-emitter transistor amplifier operating in the 

active region, the AC collector current is approximately equal 

to the AC emitter current. Hence 

𝑖𝑒 ≈ 𝑖𝑐                      (10) 

The output AC voltage developed across the collector resis-

tor is therefore 
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𝑉𝑜𝑢𝑡𝑝𝑢𝑡 = 𝑖𝑐𝑅𝑐 = 𝑖𝑒𝑅𝑐             (11) 

Substituting Equation (9) into Equation (11) gives 

𝑉𝑜𝑢𝑡𝑝𝑢𝑡 =
𝑅𝑐

𝑅𝑔
𝑉𝑖𝑛𝑝𝑢𝑡               (12) 

The small-signal voltage gain of the amplifier is defined as 

𝐴𝑉 =
𝑉𝑜𝑢𝑡

𝑉𝑖𝑛
                     (13) 

Substituting Equation (12) into Equation (13) yields 

𝐴𝑉 =
𝑅𝐶

𝑅𝑔
  

Hence, the required source resistance for a specified voltage 

gain can be expressed as 

𝑅𝑔 =
𝑅𝐶

𝑅𝑔
                        (14) 

Equation (14) provides the theoretical relationship between 

the collector resistance, source resistance and voltage gain. In 

the present work, however, the input signal was supplied by 

the Multisim function generator, whose internal output re-

sistance remained fixed throughout the simulations. Conse-

quently, the input signal amplitude was maintained at 10 m𝑉𝑃 

for all simulations, and Rg was not varied during the compar-

ative analysis. 

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. The input and 

output coupling capacitors block DC components between 

amplifier stages while allowing AC signals to pass, whereas 

the emitter bypass capacitor provides a low-reactance path for 

AC signals around the emitter resistor, thereby increasing the 

voltage gain [15]. 

(i) Selection of the Input Coupling Capacitor (𝑪𝒊𝒏) 

The input coupling capacitor and the input resistance of the 

amplifier form a high-pass RC network, the voltage across the 

resistor is given by [20]. 

𝑉𝑅 =
𝑅

√𝑅2+
1

𝜔2𝑐2

𝑉𝑖𝑛𝑝𝑢𝑡               (15) 

were 

1) 𝑅 = 𝑅2 

2) 𝐶 = 𝐶𝑖𝑛 

3) 𝜔 = 2𝜋𝑓 

f is the input signal frequency. 

For audio-frequency amplifier design, the lowest operating 

frequency was selected as, f = 20Hz [16], to establish the 

lower cut-off frequency, the capacitor was selected such that 

the output voltage across the resistor is one-half of the input 

voltage. 

Therefore, 
𝑉𝑅

𝑉𝑖𝑛
=

1

2
                (16) 

Substituting Equation (16) into Equation (15) gives 

𝐶𝑖𝑛 =
1

√3𝑅2
2𝜔2  

Were, 𝜔 = 2𝜋𝑓 = 2 × 3.142 × 20 = 123.68 𝑟𝑎𝑑 𝑠⁄  

Substituting, 𝑅2 = 17.2𝑘𝛺, 

gives 𝐶𝑖𝑛 = 2.67 × 10−7𝐹 = 0.267𝜇𝐹, 

was selected as the input coupling capacitor. 

(ii) Selection of the Output Coupling Capacitor 

(𝑪𝒐𝒖𝒕) 

The output coupling capacitor was determined using the 

same design approach. The voltage across the load resistor is 

𝑉𝑅 =
𝑅

√𝑅2+
1

𝜔2𝑐2

𝑉𝑜𝑢𝑡                (17) 

At the lower cut-off frequency, 

𝑉𝑅

𝑉𝑜𝑢𝑡
=

1

2
  

Therefore, 𝐶𝑜𝑢𝑡 =
1

√3𝑅𝐶
2𝜔2

 

Using, 𝑅𝐶 = 1000Ω and ω = 125.68 𝑟𝑎𝑑 𝑠⁄ , 

gives, 𝐶𝑜𝑢𝑡 = 4.59 × 10−6 = 4.5𝜇𝐹 

was selected as the output coupling capacitor. 

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

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, 

T = RC                     (18) 

Were, 𝑇 =
1

𝑓
 

At the lowest operating frequency, f = 20Hz 

Therefore, 𝑇 =
1

20
= 0.05𝑠 

Hence, 𝐶𝐸 =
𝑇

𝑅𝐸
 

Substituting, 𝑅𝐸 = 1000𝛺 

gives 𝐶𝐸 =
0.05

1000
= 5 × 10−5𝐹 = 50𝜇𝐹 

was selected as the emitter bypass capacitor 
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2.2. Design of the Two-Stage RC-Coupled 

Common-Emitter Transistor Amplifier 

Based on the design calculations presented in Sections 

2.1.1–2.1.6, the component values required for the two-stage 

RC-coupled common-emitter transistor amplifier were deter-

mined and implemented in Multisim 11.0. The amplifier was 

designed using two 2N2222A NPN transistors operating in the 

active region and powered by a 12 V DC supply. The selected 

component values are: 

1) Supply voltage, 𝑉𝐶𝐶 = 12𝑉 

2) Collector resistor, 𝑅𝐶 = 1kΩ 

3) Emitter resistor, 𝑅𝐸 = 1kΩ 

4) Upper bias resistor, 𝑅1 = 22.8kΩ 

5) Lower bias resistor, 𝑅2 = 7.2kΩ 

6) Input coupling capacitor, 𝐶𝑖𝑛 = 0.267μF 

7) Output coupling capacitor, 𝐶𝑜𝑢𝑡 = 4.59μF 

8) Emitter bypass capacitor, 𝐶𝐸 = 50𝜇𝐹 

The amplifier consists of two common-emitter transistor 

stages interconnected through RC coupling. The coupling ca-

pacitor transfers the amplified AC signal from the first stage 

to the second stage while blocking the DC component, thereby 

preserving the biasing conditions of each stage. The voltage-

divider bias network was employed to establish a stable oper-

ating point for both transistors, while the emitter bypass ca-

pacitor was included to improve AC voltage gain by reducing 

emitter degeneration. The complete circuit was implemented 

and simulated in Multisim 11.0, where identical component 

values were used in both amplifier stages to ensure consistent 

operating conditions. The completed schematic of the two-

stage RC-coupled common-emitter transistor amplifier is 

shown in Figure 1. 

 
Figure 1. Multisim 11.0 schematic of the designed two-stage RC-coupled common-emitter transistor amplifier. 

2.3. Design of the Two-Stage Transformer-

Coupled Common-Emitter Transistor 

Amplifier 

To ensure a meaningful comparison between the RC-cou-

pled, transformer-coupled, and direct-coupled transistor am-

plifiers, all three amplifier configurations were designed to 

operate under identical DC operating conditions. Conse-

quently, the same transistor type (2N2222A), supply voltage 

(𝑉𝐶𝐶 = 12𝑉), voltage-divider bias network, collector current, 

emitter current, and emitter resistor values determined for the 

RC-coupled amplifier were retained in the transformer-cou-

pled design. The only modification was the replacement of the 

interstage RC coupling network with an interstage transformer. 

In the transformer-coupled amplifier, the collector resistor  

(𝑅𝐶 = 1kΩ) of the first stage was replaced by the primary 

winding of the transformer, while the interstage coupling ca-

pacitor (𝐶𝑜𝑢𝑡 = 4.59 μF) was replaced by the transformer it-

self. The voltage-divider bias network and all other circuit 

components remained unchanged to ensure that any variation 

in amplifier performance resulted solely from the coupling 

method. 

2.3.1. Determination of the Transformer Primary 

Inductance 

The collector resistor being replaced has a value of 𝑅𝐶 =

1000𝛺, for the transformer to provide effective AC coupling 

without significantly loading the collector circuit, the induc-

tive reactance of the primary winding should be much greater 

than the collector resistance at the chosen reference frequency. 

A commonly adopted design criterion is [6] 

𝑋𝐿 ≥ 10𝑅𝐶 

Therefore, 𝑋𝐿 = 10 × 1000 = 10000𝛺 

The inductive reactance of the primary winding is given by 
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𝑋𝐿 = 2𝜋𝑓𝐿𝑃                   (19) 

were 

1) 𝑋𝐿 = inductive reactance, 6 

2) f = operating frequency, 

3) 𝐿𝑃 = primary inductance. 

Using the reference frequency, f = 1kHz, 

the required primary inductance is 𝐿𝑃 =
𝑋𝐿

2𝜋𝑓
 

Substituting the design values, 

𝐿𝑝 =
10000

2𝜋(1000)
  

𝐿𝑝 =
1000

6283
  

𝐿𝑝 ≈ 1.59𝐻 

Therefore, 𝐿𝑝 ≈ 1.59𝐻  was selected as the transformer 

primary inductance. 

2.3.2. Determination of the Secondary Inductance 

A 1:1 turns ratio was selected to allow the transformer to 

transfer the amplified signal between stages without introduc-

ing either voltage step-up or voltage step-down. The relation-

ship between the primary and secondary inductances is given 

by [27] 

𝐿𝑃

𝐿𝑆
= (

𝑁𝑃

𝑁𝑆
)

2
  

where: 

1) 𝐿𝑃 = primary inductance (H) 

2) 𝐿𝑆 = secondary inductance (H) 

3) 𝑁𝑃 = number of primary turns 

4) 𝑁𝑆 = number of secondary turns 

Since the selected turns ratio is 𝑁𝑝: 𝑁𝑠 = 1: 1, then 𝐿𝑝 =

𝐿𝑠 

Therefore, 𝐿𝑠 = 1.6𝐻. 

2.3.3. Determination of the Coupling Coefficient 

The coupling coefficient (k) indicates the magnetic cou-

pling efficiency between the primary and secondary windings. 

For a practical transformer, values between 0.98 and 0.99 rep-

resent very good magnetic coupling with minimal leakage flux 

[2]. 

In this work, k = 0.99 

was selected to represent an almost ideal transformer suita-

ble for simulation. The transformer therefore replaces both: 

1) the collector resistor (𝑅𝐶 = 1 kΩ), and 

2) the interstage coupling capacitor (𝐶𝐶 = 4.59 μF). 

Using a primary inductance of 1.6 H provides an inductive 

reactance of approximately 10 kΩ at the design frequency of 

1 kHz, thereby enabling the transformer-coupled amplifier to 

operate under conditions comparable to those of the RC-cou-

pled amplifier. The complete circuit diagram of the two-stage 

transformer-coupled common-emitter transistor amplifier is 

shown in Figure 2, while Figure 3 illustrates the transformer 

properties and simulation settings. The transformer parame-

ters used in the simulation are: 

1) Primary inductance (𝐿𝑃) = 1.6 H 

2) Secondary inductance (𝐿𝑆) = 1.6 H 

3) Coupling coefficient (k) = 0.99 

4) Turns ratio (𝑁𝑃: 𝑁𝑆) = 1:1 

For the transient simulation, an input signal with an ampli-

tude of 10 mV, a DC offset of 0 V, and a frequency of 10 Hz 

was applied. Although the transformer was designed based on 

a 1 kHz operating frequency, using 10 Hz during simulation 

enables the low-frequency response of the amplifier to be in-

vestigated. Additional simulations may also be performed at 1 

kHz to evaluate the amplifier under its design operating con-

dition. 

 
Figure 2. Complete circuit diagram of the two-stage transformer-coupled common-emitter transistor amplifier. 
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Figure 3. Illustrates the transformer properties and simulation settings. 

2.4. Common Emitter Transistor Amplifier 

Design for Direct Coupling 

To ensure a fair comparison with the RC-coupled and trans-

former-coupled amplifier configurations, the direct-coupled 

amplifier was designed using the same transistor type, power 

supply voltage, and DC biasing conditions. This approach en-

sures that the differences observed in amplifier performance 

are attributed solely to the coupling method rather than 

changes in the circuit operating conditions. In the direct-cou-

pled amplifier configuration, the interstage coupling capacitor 

used in the RC-coupled amplifier and the transformer used in 

the transformer-coupled amplifier are eliminated. Instead, the 

collector of the first transistor stage is connected directly to 

the base of the second transistor stage, allowing both the AC 

signal and the DC bias voltage to be transferred directly be-

tween stages. The biasing network was appropriately adjusted 

where necessary to maintain the required operating point of 

the second transistor while preserving stable amplifier opera-

tion. The complete circuit diagram of the two-stage direct-

coupled common-emitter transistor amplifier is shown in Fig-

ure 4. The amplifier employs the same transistor type, supply 

voltage, and component values as the other amplifier config-

urations, except for the removal of the coupling capacitor and 

transformer. This configuration enables a direct comparison 

of voltage gain, frequency response, and signal amplification 

characteristics with the RC-coupled and transformer-coupled 

amplifiers under identical operating conditions. 

 
Figure 4. Complete circuit diagram of the two-stage direct-coupled common-emitter transistor amplifier 
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3. Simulation Procedure for RC, 

Transformer and Direct-Coupled 

Amplifiers 

The purpose of the simulation was to evaluate and compare 

the performance of the designed two-stage RC-coupled, trans-

former-coupled and direct-coupled transistor amplifiers under 

identical operating conditions using Multisim 11.0. The com-

parison was based on voltage gain, output waveform, fre-

quency response, bandwidth, phase relationship and wave-

form distortion. After completing the design of each amplifier 

circuit, all component values and circuit connections were 

verified before the simulation was carried out. Each amplifier 

circuit was designed using identical components, comprising 

two 2N2222A NPN transistors, a 12 V DC power supply, 

identical bias resistor values, identical collector and emitter 

resistor values, identical input signal conditions and the same 

measuring instruments. The only difference among the three 

amplifier circuits was the coupling technique employed be-

tween the two amplification stages, namely RC coupling, 

transformer coupling and direct coupling. The simulation was 

performed by clicking the Run button in Multisim 11.0. The 

input and output waveforms were monitored simultaneously 

using the two-channel oscilloscope. Before taking any meas-

urements, the amplifier output was observed to ensure that the 

transistor stages were correctly biased and that the output 

waveform remained stable without excessive clipping or dis-

tortion. The simulated oscilloscope displays for the RC-cou-

pled, transformer-coupled and direct-coupled amplifiers are 

presented in Figures 5, 6 and 7, respectively. 

 
Figure 5. RC-coupled amplifier input and output waveforms displayed on the oscilloscope. 

 
Figure 6. Transformer coupled input and output waveforms displayed on the oscilloscope. 
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Figure 7. Direct coupled input and output waveforms displayed on the oscilloscope. 

A sinusoidal input signal having a constant peak amplitude 

of 10 mV was generated using the Multisim function genera-

tor. The input frequency was varied from 10 Hz to 100 MHz 

while maintaining the input amplitude constant throughout the 

simulation. At each selected frequency, the input voltage was 

measured using Channel A of the oscilloscope, while the out-

put voltage was measured using Channel B. The peak voltage 

was obtained by counting the number of vertical divisions oc-

cupied by the waveform from the highest peak to the lowest 

trough and multiplying by the channel sensitivity before di-

viding by two. The peak voltage was therefore determined us-

ing Equation (19). 

𝑉𝑝 =
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑉𝑒𝑟𝑡𝑖𝑐𝑎𝑙 𝐷𝑖𝑣𝑖𝑠𝑖𝑜𝑛𝑠×𝐶ℎ𝑎𝑛𝑛𝑒𝑙 𝑆𝑐𝑎𝑙𝑒

2
   (19) 

The voltage gain of each amplifier was calculated using 

Equation (20). 

𝐴𝑣 =
𝑉𝑜𝑢𝑡(𝑝)

𝑉𝑖𝑛(𝑝)
                    (20) 

Converting voltage gain to decibels (dB) will produce a 

professional Bode magnitude plot, which is the standard for-

mat used in electronics journals, the conversion is: 

𝐴𝑉(𝑑𝐵) = 20𝑙𝑜𝑔10(𝐴𝑉)             (21) 

The RC-coupled amplifier was first simulated at an input 

frequency of 10 Hz using a sinusoidal input signal having a 

peak amplitude of 10 mV. The input and output waveforms 

were displayed simultaneously on the oscilloscope as shown 

in Figure 7. For the input signal, Channel A was set to 10 

mV/div. The waveform occupied approximately 2 vertical di-

visions from peak to trough. Applying Equation (19), 

𝑉𝑖𝑛(𝑝) =
2×10𝑚𝑉

2
= 10𝑚𝑉  

For the output signal, Channel B was set to 50 mV/div. The 

output waveform occupied approximately 10 vertical divi-

sions from peak to trough. Therefore, 

𝑉𝑜𝑢𝑡(𝑝) =
10×50𝑚𝑉

2
= 250𝑚𝑉  

Substituting these values into Equation (20), 

𝐴𝑉 =
250𝑚𝑉

10𝑚𝑉
 = 25  

The voltage gain in decibel is: 

𝐴𝑉 = 20𝑙𝑜𝑔10(25) = 27.96𝑑𝐵 

Hence, the voltage gain of the RC-coupled amplifier at 10 

Hz was 25 which is 27.96𝑑𝐵. 

The same measurement procedure was repeated for the 

transformer-coupled and direct-coupled amplifiers at all se-

lected frequencies between 10 Hz and 100 MHz while main-

taining the input signal at 10 mVp. The measured output volt-

ages were used to calculate the corresponding voltage gains, 

and the results were recorded in Table 1 and Table 2 is the 

converted table based on simulation results. These results 

formed the basis for comparing the gain characteristics, fre-

quency response, bandwidth, low-cut frequency, high-cut fre-

quency, waveform distortion and phase relationship of the 

three amplifier coupling techniques. 

 

http://www.sciencepg.com/journal/jeee


Journal of Electrical and Electronic Engineering http://www.sciencepg.com/journal/jeee 

 

206 

 
Figure 7. RC coupled input and output waveforms displayed on the oscilloscope. 

Table 1. Simulation Data for Comparative Analysis of the Three Amplifier 

Frequency 
Input 𝑽𝑷 

(mV) 

RC Output 

𝑽𝑷 (mV) 

RC Gain 

(Av) 

Transformer 

Output 𝑽𝑷 (mV) 

Transformer 

Gain (Av) 

Direct Output 

𝑽𝑷 (mV) 
Direct Gain (Av) 

10Hz 10 250 25 0.00005 0.000005 0.0000025 0.00000025 

15Hz 10 600 60 0.0001 0.00001 0.0000125 0.00000125 

100Hz 10 15,000 1,500 0.00025 0.000025 0.000025 0.0000025 

200Hz 10 25,000 2,500 0.0009 0.00009 0.000015 0.0000015 

500Hz 10 25,000 2,500 0.0015 0.00015 0.000009 0.0000009 

1kHz 10 25,000 2,500 0.003 0.0003 0.0000045 0.000000045 

10KHz 10 25,000 2,500 0.24 0.024 0.00003 0.000003 

100KHz 10 25,000 2,500 150 15 0.0003 0.00003 

1MHz 10 22,500 2,250 9.5 0.95 0.004 0.0004 

10MHz 10 7,500 750 2.5 0.25 0.045 0.0045 

20MHz 10 4,500 450 1 0.1 0.09 0.009 

100MHz 10 750 75 0.03 0.003 0.45 0.045 

Table 2. Comparison of voltage gain in decibels (dB) of RC-coupled, transformer-coupled, and direct-coupled common-emitter amplifiers 

over the simulated frequency range. 

Frequency (Hz) RC Gain (dB) Transformer Gain (dB) Direct Gain (dB) 

10 27.96 -106.02 -132.04 

15 35.56 -100.00 -118.06 

100 63.52 -92.04 -112.04 

200 67.96 -80.92 -116.48 

500 67.96 -76.48 -120.92 

1,000 67.96 -70.46 -126.94 
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Frequency (Hz) RC Gain (dB) Transformer Gain (dB) Direct Gain (dB) 

10,000 67.96 -32.40 -110.46 

100,000 67.96 23.52 -90.46 

1,000,000 67.04 -0.45 -67.96 

10,000,000 57.50 -12.04 -46.94 

20,000,000 53.06 -20.00 -40.92 

100,000,000 37.50 -50.46 -26.94 

 

4. Results and Discussions 

The performance of the designed two-stage RC-coupled, 

transformer-coupled, and direct-coupled transistor amplifiers 

was evaluated using Multisim 11.0 under identical operating 

conditions. Each amplifier employed two 2N2222A NPN 

transistors, a 12 V DC power supply, identical biasing net-

works, collector and emitter resistor values, and the same si-

nusoidal input signal. The only difference among the three 

amplifier circuits was the coupling technique used between 

successive transistor stages. The simulation results were ana-

lyzed based on voltage gain, frequency response, bandwidth, 

waveform characteristics, phase relationship, and signal dis-

tortion. 

 
Figure 8. Frequency response of RC-, transformer-, and direct-coupled transistor amplifiers. 

The RC-coupled amplifier exhibited the best overall fre-

quency response among the three amplifier configurations. 

4.1. Comparative Frequency Response of the 

Three Amplifier Configurations 

As shown in Figure 8, the voltage gain increased from ap-

proximately 28 dB at 10 Hz to about 68 dB within the mid-

frequency region (approximately 200 Hz to 1 MHz), where it 

remained relatively constant. Beyond this range, the gain 

gradually decreased to approximately 38 dB at 100 MHz This 

behavior is characteristic of RC-coupled amplifiers, which ex-

hibit a nearly flat mid-band response with attenuation occur-

ring at both low and high frequencies. The reduced gain at low 

frequencies is primarily due to the large reactance of the cou-

pling and emitter-bypass capacitors, whereas the gain reduc-

tion at high frequencies results from transistor junction capac-

itances and other parasitic effects. These observations are con-

sistent with the findings of [3] and [7], who reported that RC-

coupled amplifiers provide high voltage gain, wide bandwidth, 

and excellent frequency response, making them suitable for 

voltage amplification applications. 

The transformer-coupled amplifier demonstrated a fre-

quency-dependent response with significantly lower gain than 

the RC-coupled amplifier. At low frequencies, the gain re-

mained below −100 dB, indicating poor signal transfer due to 

the low inductive reactance of the transformer primary wind-

ing. As the frequency increased, the gain improved steadily 

and reached a maximum value of approximately 24 dB at 

around 100 kHz. Beyond this frequency, the gain decreased 

progressively, reaching approximately −50 dB at 100 MHz 

This behavior reflects the inherent limitations of transformer 

coupling, where leakage inductance, winding resistance, inter-
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winding capacitance, and core losses become increasingly sig-

nificant at higher frequencies. Although transformer-coupled 

amplifiers generally exhibit poorer frequency response than 

RC-coupled amplifiers, they remain advantageous for imped-

ance matching and power transfer, as reported by [9]. 

The direct-coupled amplifier produced the lowest gain 

throughout most of the investigated frequency range. The sim-

ulated gain was approximately −132 dB at 10 Hz and in-

creased gradually with frequency to about −27 dB at 100 MHz 

Although the amplifier exhibited lower voltage gain than the 

other configurations, this result does not diminish the princi-

pal advantage of direct coupling. Unlike RC- and transformer-

coupled amplifiers, direct-coupled amplifiers do not employ 

coupling capacitors or transformers and are therefore capable 

of amplifying direct current (DC) and extremely low-fre-

quency signals without low-frequency attenuation. Conse-

quently, they are widely used in operational amplifiers, instru-

mentation amplifiers, biomedical electronics, and precision 

measurement systems. The relatively low gain observed in the 

present simulation is likely attributable to the selected transis-

tor bias conditions and operating point rather than to the di-

rect-coupling technique itself. 

Overall, the simulation results demonstrate that the cou-

pling technique has a significant influence on amplifier per-

formance. Among the three amplifier configurations, the RC-

coupled amplifier achieved the highest and most stable mid-

band gain (approximately 68 dB) together with the widest use-

ful bandwidth. The transformer-coupled amplifier exhibited a 

pronounced peak around 100 kHz, reflecting its frequency-se-

lective characteristics, while the direct-coupled amplifier 

maintained comparatively low gain across the investigated 

frequency range but showed gradual improvement at higher 

frequencies. These findings confirm that RC coupling is the 

most suitable technique for general-purpose voltage amplifi-

cation, transformer coupling is preferable for impedance 

matching and power transfer applications, and direct coupling 

is most appropriate for DC and very low-frequency signal am-

plification. 

4.2. Comparison of Simulation Results with 

Theoretical Expectations 

The simulation results obtained in this investigation gener-

ally agree with the established theoretical characteristics of the 

three amplifier coupling techniques, although some deviations 

were observed for the transformer-coupled and direct-coupled 

amplifier configurations. 

The RC-coupled amplifier closely followed the expected 

theoretical behaviors by providing the highest voltage gain 

and maintaining a nearly constant gain throughout the mid-

frequency region before decreasing at both low and high fre-

quencies, as illustrated in Figure 8. This agrees with the work 

of [3] and [7], who reported that RC-coupled amplifiers ex-

hibit excellent frequency response and are widely used for 

voltage amplification in audio and communication systems 

because of their high gain and broad bandwidth. 

The transformer-coupled amplifier produced considerably 

lower gain than predicted by ideal theoretical analysis. Alt-

hough transformer coupling is widely recognized for imped-

ance matching and efficient power transfer, its performance 

depends strongly on transformer parameters such as primary 

and secondary inductance, leakage inductance, winding re-

sistance, coupling coefficient, and core characteristics. The 

peak gain observed near 100 kHz suggests that the selected 

transformer parameters were most effective around this oper-

ating frequency, while the reduced gain at lower and higher 

frequencies reflects practical transformer limitations. 

Similarly, the direct-coupled amplifier produced substan-

tially lower gain than expected from theory. According to [19] 

and [9], the principal advantage of direct coupling lies in its 

ability to amplify DC and extremely low-frequency signals 

without attenuation caused by coupling capacitors or trans-

formers. Therefore, direct-coupled amplifiers are primarily in-

tended for instrumentation, control systems, and precision 

measurement applications rather than high-gain, wideband 

voltage amplification. The low gain obtained during the pre-

sent simulation is therefore more likely associated with the se-

lected bias conditions, transistor operating points, and circuit 

implementation than with the direct-coupling technique itself. 

The differences observed between the simulated and theo-

retical characteristics demonstrate the importance of practical 

circuit design. Theoretical analyses generally assume ideal 

components and perfectly established operating conditions, 

whereas practical simulations incorporate realistic transistor 

models, transformer non-idealities, parasitic capacitances, and 

component tolerances. Consequently, some deviations be-

tween theoretical predictions and simulated performance are 

expected and do not invalidate the fundamental operating 

principles of the three coupling techniques. 

Overall, the comparative analysis confirms that RC cou-

pling provides the highest voltage gain, the widest useful 

bandwidth, and the most stable frequency response, making it 

the preferred choice for general-purpose voltage amplification. 

Transformer coupling remains advantageous for impedance 

matching and efficient power transfer, while direct coupling 

is best suited for DC and very low-frequency amplification 

when appropriate bias stabilization and temperature compen-

sation are employed. 

5. Conclusion 

This study compared the performance of two-stage RC-

coupled, transformer-coupled, and direct-coupled common-

emitter transistor amplifiers using Multisim 11.0 under iden-

tical operating conditions. The results showed that the RC-

coupled amplifier achieved the highest voltage gain (approxi-

mately 68 dB), the widest useful bandwidth, and the most sta-

ble frequency response, making it the most suitable for gen-

eral-purpose voltage amplification. The transformer-coupled 

amplifier exhibited moderate gain with peak performance 
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around 100 kHz, making it suitable for impedance matching 

and power transfer applications. Although the direct-coupled 

amplifier produced the lowest voltage gain under the selected 

design conditions, it remains advantageous for amplifying DC 

and very low-frequency signals. Overall, the study confirms 

that the choice of coupling technique significantly influences 

amplifier performance and should be selected according to the 

intended application. The findings provide useful guidance for 

the design and implementation of multistage transistor ampli-

fiers in analog electronic systems. 
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μF Microfarad 

nF Nanofarad 

pF Picofarad 

NPN Negative-Positive-Negative Bipolar 

Transistor 

Q Transistor Designator (e.g., Q1) 
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