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Abstract

This paper presents a computer-aided transistor circuit analysis package for a single-stage power amplifier using impedance and admittance parameters. This was
borne out of the need to speed up the circuit design process by decreasing the time spent during circuit analysis. The methodology involves deriving the impedance and
admittance parameter quantities namely voltage gain, current gain, input resistance, output resistance, and power gain from first principles. The softwareconsists of the
development of a menu-based Graphical User Interface (GUI) which was developed using Swing, a Java GUI widget toolkit; programming in Java to carry out the
mathematical analysis, and circuit simulation which was achieved using JSpice integrated with MULTISIM® for real-time circuit simulation and analysis.The
programming was designed to flow as a main program based on the menuwith subroutines which comprises of z-parameter mathematical analysis subroutine, y-
parameter mathematical analysis subroutine, impedance equivalent circuit simulation subroutine, admittance equivalent circuit simulation subroutine, and power
amplifier circuit simulation subroutine. The results obtained from the studies show that the developed software provides accurate mathematical circuit analysis and
performs simulations correctly, quickly, and efficiently. It is therefore recommended that stakeholders in the field such as engineers, educational institutions, and the
government should adopt this software for their use as it is reliable and fast in analyzing single-stage transistor power amplifiers.

Keywords: Analysis; Transistor; z-Parameter; y-Parameter; Single-stage Amplifier; Performance quantities

1. Introduction

Single-stage power amplifiers' design and analytical assessment are paramount
across various electronic applications, encompassing audio amplification and
communication systems. Typically, the performance metrics that define these
amplifiers include gain, efficiency, bandwidth, and input/output impedance.
Precisely evaluating these parameters is indispensable for optimizing the
amplifier's performance, guaranteeing reliability, and adhering to design
specifications. Nonetheless, the manual calculation and examination of
transistor-based amplifier circuits can prove to be labour-intensive and
susceptible to inaccuracies, particularly as the complexity of circuits escalates
(Wongetal.,2015).

In this framework, computer-aided tools provide considerable benefits by
automating computations, visualizing outcomes, and facilitating swift
prototyping. Impedance parameters, which are integral in ascertaining the
behavior of transistor circuits, furnish critical insights into the amplifier's input-
output characteristics, stability, and power handling capacities. Developing a
specialized analysis package concentrating on these parameters can streamline
the design process and augment comprehension, especially for single-stage
configurations that constitute the foundational elements of more intricate
systems.

There has been much interest by researchers in developing tools for students'
learning in other to bridge the gap between theoretical perception of electronic
courses and practical. In pursuit of this, Pandiev ez al. (2020) introduced modular
laboratory kits for single-transistor amplifiers, focusing on educational
applications. The kits allow students to configure and experiment with common-
emitter, common-source, common-collector, and common-drain amplifiers
using discrete components like BJTs and MOSFETs. Although the paper
contributes to educational tools for amplifier analysis, it does not address
computer-aided analysis packages for single-stage power amplifiers utilizing
impedance and admittance parameters in designing or analyzing amplifiers.
Qiuyue et al., (2024) presented a paper that advocated for the use of Multisim
software to solve the lack of interest by students in the study of Electricity and
Electronic Technology due to lack of balanced mathematical knowledge. Their
method blends theory with practical to raise learners' interest in the course. Also,
Thain (2022) presented a SPICE model for bipolar junction transistors that
enhances amplifier design verification by computing necessary variables from
user-defined parameters, thus improving students' confidence in their analysis
techniques.

Cuntan et al. (2024) employed a LabVIEW-based simulation tool for designing
and analyzing amplifier characteristics in various configurations. The
application enables users to evaluate transistor parameters using Bode plots and
validated the results using Multisim and experimental setups. This is a valuable
educational tool used for practical design scenarios. While the LabVIEW
simulation tool offers significant flexibility and precision in evaluating amplifier
stages, the study does not focus on single-stage power amplifiers or their design
using impedance or admittance parameters. Amhenrior (2018) applied the two-
port network model to derive h-parameter equations, including input resistance,
forward current gain, reverse voltage gain, and output admittance of a transistor.

These parameters were obtained using mathematical tools like partial
derivatives, which allowed precise modeling of small-signal amplifier behavior.
However, there was no software developed for transistor analysis. Amhenrior &
Ambenrior (2018) in their paper presented a mathematical analysis of a Small-
Signal Single-Stage Transistor Amplifier using Hybrid Parameters, alongside
the development of software for efficient analysis. It employs matrix and
determinant methods to derive performance quantities such as input resistance,
current and voltage gains, output impedance, and power gain. The software,
developed in Visual Basic 6, features a user-friendly GUI and automates
calculations. It significantly reduces errors and time in circuit analysis, making it
a valuable tool for engineers and educational institutions. It however did not
employ impedance and admittance parameters for analysis.

From the foregoing, none have developed a software for analysing a single-stage
transistor amplifier utilizing the twin parameters of impedance and admittance to
obtain the performance quantity of a transistor, hence the need for this study.

2. Materials and Method

The performance quantities were derived from first principle in this section
using, among other mathematical tools, partial differential equations. The results
were used to derive the fundamental equations of the z-parameters and y-
parameters connecting the fundamental inputs and outputs of currents and
voltages of the power amplifier as a two-port network.

2.1 Analysis of the Single-stage Amplifier Using the General Z-Parameter
Equivalent Circuit

The general z-parameter equivalent circuit equations are given in Equations 1
and 2.

Vi=z li+2z,1, @
@

For this mathematical examination, the power amplifier's z-parameter
equivalent circuit with an applied voltage source, series resistance at the input
and output circuits, and a power amplifier two-port system was utilized. This is
depicted in the general z-parameter equivalent circuit diagram in Figure 1.
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Figure 1:Transistor General Z -Parameter Equivalent Circuit
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By converting Equations 1 and 2 to matrix form we have;
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Vol TLZy 2L,



From the equivalent circuit of Figure 1:

Vz= VL'IZ RL 3
Substituting Equation 3 into Equation 2

VL - 12 RL =Zn 11 + 2z, Iz

ButR, =z,

VL = ZZl Il + (ZZZ + ZL )IZ (4)
From Equations 1 and 4
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Input resistance Z,= iy (6)
Voltage gain
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From Equations (1) and (7)
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Converting to matrix form;
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The performance quantities of the power amplifier calculated are:
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2.2 Analysis of the Single-stage Amplifier Using the General Y-Parameter
Equivalent Circuit

The general z-parameter equivalent circuit equations are given in Equations 10
and 11.
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L=y, Vi+y,V, (10)
L=y, Vi+y,V, 11

For this mathematical examination, the power amplifier's y-parameter
equivalent circuit with an applied voltage source in parallel to the admittance.
This is shown in the general y-parameter equivalent circuit diagram in Figure 2.
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Figure 2: Equivalent circuit for admittance parameter

From the output section of the circuit presented in Figure,

v,=v, +% (12)

And for the input side, v, = v, + % (13)

Voltage gain

From Equation 12, when v, = 0

12 =W (14)

Substituting into Equation 11

'(.yL+y22) Vz =Va V1 (15)
Vv _ “Ya

A, _:T T Oty (16)

Input admittance
From Equation 10; , =y, V, +y,, V,

Dividing through by 1 =y,, +.,
From Equation 16,
ll 12721

Output Admittance
Because of the symmetry of the equivalent circuit in Figure 2 we can write the
equation for output impedance is:

VY

You =V~ Ty vy (18)
Power Gain
A=AA (19)
L _ VoY
T~ ViV

_ VY
A= Girvom (20)
Substituting into Equation 19
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Therefore, 4,= A, 5= (( ToE yu)) x g 21)
Summary of the derived Admittance performance quantities
input admittance y,, =y, - 0 }{ ‘i";;z)
output admittance y,,. =y, - ( ;’ ‘:";:1)
voltage gain A, = ﬁ
current gain A, = %

power gain A,= (( yL’fz}‘,n)) )}/,‘
2.3 Software Package Development

The software aspect of this work involved the development of a Java-based
Graphical User Interface (GUI) and programming in language to perform the
various circuit analysis and their performance quantities as derived in sections
2.1 and 2.2. The JSPICE, a Java-based simulation tool for conducting was used
for the transient analysis of the circuit and real-time circuit simulation was
achieved through the utilization of MULTISIM®. The software package was
designed and developed into a number of subroutines that handle a single
operation each namelyimpedance (z-parameter) mathematical analysis,
admittance (y-parameter) mathematical analysis, power amplifier circuit
diagram simulation, impedance equivalent circuit diagram simulation, and
admittance equivalent circuit diagram simulation

2.3.1 Principle of Operation

Upon launching the application, the graphical user interface (GUI) displays the
welcome screen with a button leading to the main menu when clicked on. Figures
3 and 4 show the launch screen and the menu screen respectively.



Welcome to Transistor Circuit Analysis Software

Amplitier
Sim.

Z-Maths | y-Maths

Figure 3: The launch screen of the application

Welcome to

Transistor Circuit Analysis Package

Figure 4. The menu screen of the application

The mathematical operations section of the software package is organized into
two divisions, depending on the parameter employed for analysis namely, the
impedance z-parameters and analysis and the admittance y-parameters analysis.
Each selected operation runs the associated function and prompts the user for the
necessary data to complete the operation in a textbox in the GUI. When the
required data are entered and the "compute" button is clicked, the software will
calculate the corresponding operational parameters based on the provided inputs
in the analysis chosen. The results will be displayed on the right-hand side of the
form, allowing users to conveniently view and analyze the computed operational
values derived from the inputted parameter values. Before moving on to either
the simulation of the amplifier circuit diagram, the impedance equivalent circuit,
or the admittance equivalent circuit, the results of the mathematical analysis of
the z-parameter or the y-parameter namely the performance quantities which
include the input resistance, the output impedance, the current gain, the voltage,
and the power gain are displayed and stored. These results are then used to
simulate the power amplifier circuit diagram in the analysis chosen and the
corresponding simulation subroutine will be executed. To exit or close the
program the exit button is clicked and the program will be terminated.

The operational flow of the application is shown in the flowchart in Figure 5.
Figure 6 and Figure 7 show GUI for the impedance analysis and the operational
flowchart for conducting z-parameter and y-parameter mathematical analysis
respectively using the software package.

Show menu

¥

z-parameter
math analysis
subroutine

Yes | Yy-parameter y-parameter
math analysis equiv. circuit
subroutine simulation
No
Yes Amplifier
simulation
subroutine
No

Figure 5: Flowchart showing the general flow of the application

In Figure 5, the software keeps checking to see if any of the menus is selected
starting from the first till the last and repeats the process until one is selected and
the corresponding subroutine is executed and the results are displayed and the
program returns to the main program flow checking for the next subroutine to be
selected or the exit button to end the program.
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Figure 7: Flowchart showing the flow process for both
z-parameter and y-parameter mathematical analysis.

Onceeither of mathematical analysis in z-parameter or y-parameter is selected,
the respective subroutine will be entered into and a GUI with textboxes in Figure
6 will be displayed. Once the data are supplied, the subroutine as in the flowchart
of Figure 7 will be executed and the respective performance quantities will be
computed and displayed.

2.3.2 Simulation with the Software Package

This software can simulate three kinds of circuits, namely power amplifier
circuit diagram simulation, impedance equivalent circuit diagram simulation
and admittance equivalent circuit diagram simulation in class A, class B, and
class AB power amplifiers. Figure 8 shows the flowchart of the simulation
process of the software package.

/usu clicks appropriate simulation option /

¥
Display input
form
T

/ennn( appropriate pnlamnlar\rsllns/
user clicks compute button

initialize circuit with
JSpice netlist

configurs transcient
analysis on intialized
circuit

Figure 8: A flowchart showing the simulation process used




In Figure 8, when the simulation option is selected and the data required are
supplied, the software will compute the operational values and display the
results, and save them. When the simulate button is clicked, Jspice will be
initialized and a transient plot of the circuit will be executed and displayed in 2D.
2.4 Test

For the purpose of evaluating the performance of the software, sample problems
for impedance and admittance analysis were used as follows

1. Impedance Parameter Analysis

The values for this test were obtained from the data sheet of the LM386N audio
power amplifier microchip.

Z,=100,Z,=1,Z,, =100000and Z,, =1000, with an estimated load resistance
of20 ohms.

The values were inputted into the impedance math analysis section of the
software package and the result of the computations are shown in Figure 9 and
the simulated equivalent circuit is shown in Figure 10.

-

MATH ANALYSIS OF POWER AMPLIFIER USING Z-PARAMETER

Enter z-parameters

Z13

Operational values

Input resistance

7.
72
2

198.0392156862745

Voltage gain
10.297029702970297

Current gain

102.04081632653062
Z:

.
[0 ——— Output impedance

Z 20.0

L

[
Compute

Power gain
1050.7173166206222

Figure 9: Impedance parameter math analysis with input and result
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MATH ANALYSIS OF POWER AMPLIFIER USING Y-PARAMETER

Erter y-parameters Operational valses

Input admittance
0.0021904761904761906
Qutput admittance
6.666666666666667E-5
Voltage gain
95.23809523809526

0.00005

Y21
¥ Power gain

276.05244996549357
¥s

Compute

Figure 10: Impedance equivalent circuit in Multisim

2. Admittance Parameter Analysis

The values for this test were obtained from the 8002D SOP8 power amplifier
microchip data sheet.

Y, =0.002,Y,, =0.000002, Y,, =0.1 and Z,, =0.00005, with an estimated load
resistance of 1000 ohms and source resistance of 100 ohms.

The values were inputted into the admittance mathematical analysis section of
the software package and the results of the computation are as shown in Figure
11.The simulated equivalent circuit is shown in Figure 12.

Z-param-sim

Figure 11: Admittance parameter analysis with input and results
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y-param-sim

Figure 12: Admittance equivalent circuit in Multisim

3. Transient Analysis Test

To evaluate the application's performance in transient analysis for impedance
and admittance parameters, the values for the sampled tests above were used as
the test inputs and the transient analysis output of the application after simulating

for 2000 milliseconds in each case are shown in Figures 13 and 14.
MATH ANALYSIS OF POWER AMPLIFIER USING Z-PARAMETER

XChart

s amanaa

MATH ANALYSIS OF POWER AMPLIFIER USING Y-PARAMETER

Compute

Figure 14: Transient analysis result for Admittance parameter

3. Results and Discussion

The results of the sampled test of the mathematical analysis using impedance and
admittance parameters are presented in Figures 9 and 11 respectively, while
Figures 10 and 12 show the simulated circuits of the sampled circuits for
impedance and admittance using the software.

Figure 13 and 14 show the transient analysis plots. This study introduces a
computer-aided analysis package tailored for single-stage power amplifier
circuits, utilizing both impedance (Z) and admittance (Y) parameters for
effective circuit evaluation. The package combines mathematical modeling with
circuit simulation to provide a comprehensive analysis environment. The results
obtained demonstrate the accuracy, efficiency, and usefulness of the developed
tool.

To validate the effectiveness of the package, mathematical analyses were
conducted using impedance and admittance models. The outcomes of these
calculations are illustrated in Figure 9 (impedance analysis) and Figure 11
(admittance analysis). These figures show the analytical input data and the
corresponding results, confirming that the mathematical framework
implemented in the package yields correct and consistent outcomes. Notably,
these results align closely with manual analysis, verifying the accuracy of the



automated system.

Complementing the analytical approach, circuit simulations were performed
using Multisim. The equivalent circuits based on impedance and admittance
parameters are shown in Figure 10 and Figure 12, respectively. These simulated
diagrams accurately reflect the theoretical designs, allowing real-time
observation and interaction. This visual representation strengthens confidence in
the design's integrity and helps users better understand the behavior of amplifier
circuits modeled through these two-port network parameters.

Further insight into circuit performance is gained through transient analysis,
represented in Figures 13 and 14. These figures reveal the time-domain response
of the amplifier circuits under test. A clear amplification of both the output
voltage and current is observed compared to their input counterparts, confirming
the intended operation of the power amplifier. More importantly, the gain
characteristics observed in the simulations correspond well with the values
obtained in the mathematical analysis, reinforcing the consistency and reliability
ofthe developed system.

Another key observation is the efficiency and responsiveness of the software
during simulation runs. The system generated results swiftly, making it practical
for both instructional use and early-stage design testing. This responsiveness
makes the package especially beneficial for students, educators, and design
engineers who require fast feedback during circuit development and analysis.

In summary, the integration of impedance and admittance parameter models into
acomputer-aided analysis environment has proven effective. It delivers accurate
results, mirrors theoretical expectations, and offers fast, responsive
simulation—all of which are essential for modern electronic circuit design and
analysis workflows.

4. Conclusion

The study carried out analysis of a power amplifier using the impedance and
admittance parameters by carefully deriving the performance quantities from the
first principle. The amplifier can be simulated and a transient plot analysis base
on the performance quantities obtained can be obtained. From the results
obtained, these performance quantities namely power gain, voltage gain, and
current gain, input and output impedances as well as admittances have been
successfully computerized. With the utilization of the circuit analysis package
and either impedance or admittance parameters, reliable determination of the
operating parameters for class A, B, and AB power amplifiers is now attainable.
The challenges associated with manual analysis of power amplifiers have been
largely overcome through the implementation of this software package. When
provided with accurate input values, the software package ensures precise and
error-free analysis of single-stage transistor power amplifiers. Consequently,
this computer-aided circuit analysis package for single-stage power amplifiers is
regarded as an indispensable tool for design engineers, industrialists, scientists,
and educational institutions.

Nomenclature

V, - Inputvoltage

V,- Output voltage

I,- Inputcurrent

I,- Output current

z,, - Inputimpedance

z,,- Reverse transfer impedance
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z,, - Forward transfer impedance
z,,- Output impedance,

y,, - Inputadmittance

y,,- Reverse transfer admittance
¥, - Forward transfer admittance
¥,, - Inputimpedance

V.- Loadvoltage

V- Voltage source

R, - Loadresistance

R,- Seriesresistance
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