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Editor’s Column
Mladen Knezic

Wisdom without goodness goes into mischief and
innocence without wisdom becomes nonsense.

Serbian Patriarch Pavle

Editorial Letter
DOI: 10.53314/ELS2125037K

HERE we are at the end of another challenging year.
I would like to announce some recent news to the

readers that should bring major improvements to visibility and
presentation of the journal.

Firstly, this year we joined Crossref organization and from
now on, we will use our own DOI prefix for future publications
and other benefits this organization provides (e.g., Similarity
Check service for plagiarism detection). This will most cer-
tainly increase the visibility of the journal and enhance the
efficiency in detecting plagiarism issues in received submissi-
ons during early evaluation process.

Secondly, we introduced a brand new website of the journal
that will enable better presentation and easier navigation to the
users. We are devoted to continual improving the quality of
the publication process in the forthcoming years.

In this journal issue, we bring you four original research
papers covering a wide spectrum of applications in electronics
based systems.

The first paper entitled “Peer-to-Peer Energy Trading in a
Micro-grid Using Internet of Things and Blockchain,” autho-
red by M. Baig, M. Iqbal, M. Jamil, and J. Khan, proposes
a hardware and software setup for peer-to-peer (P2P) energy
trading system in a micro-grid using Internet of Things and
blockchain technologies. The authors described a P2P trading
model and its architecture and compared it to existing P2P
energy trading platforms. They demonstrated the benefits

of using open-source platform and presented some real-life
scenarios on a simplified use case.

In the paper “Prediction Model of Soil Electrical Con-
ductivity Based on ELM Optimized by Bald Eagle Search
Algorithm,” by Y. Huang, H. Jiang, W. Wang, and D. Sun, the
authors proposed a prediction model for soil electrical conduc-
tivity based on extreme learning machine (ELM) optimized by
bald eagle search (BES) algorithm. In the experiments, they
showed that proposed prediction model obtains more accurate
results with respect to mean-square error and coefficient of
determination metrics when compared to existing models
reported by other researchers.

The paper “Single Event Effect Analysis of SiGe Low
Noise Amplifier,” authored by M. Bouhouche and S. Latreche,
analyzes the single event transient (SET) response of low noise
amplifier (LNA) designed using SiGe heterojunction bipolar
transistors (HBT). The presented results show that the use
of inverse mode SiGe HBT for strike device can effectively
improve the SET tolerance of studied LNA.

Finally, the paper “A Current Mode Universal Filter and a
Single Resistance Controlled Oscillator Employing only Gro-
unded Passive Elements: Applications of VDCC,” by T. Arora,
explores the possible applications of voltage differencing cur-
rent conveyor (VDCC), as a current-mode universal filter and
a sinusoidal oscillator. In addition to CMOS simulation results
obtained using Cadence PSPICE software, the proposed circu-
its were verified experimentally using off-the-shelf integrated
circuits.

I thank the authors for their contribution to this issue of
the journal and to all the reviewers who participated in the
editorial process by providing valuable comments in timely
manner to the editors and the authors.
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Abstract——With advancements in renewable energy techno
logies, consumers are becoming prosumers, and renewable energy 
resources are being used in distributed networks. In an isolated 
distributed system, peertopeer (P2P) energy trading is one of 
the most promising energy management solutions. In this paper, 
we propose a P2P energy trading method for microgrids using 
open resources and technology. The proposed setup comprises 
an Internet of Things (IoT) server to transfer energy amongst 
the peers without human intervention, and an Ethereum based 
private blockchain is suggested for money transfer in the form 
of cryptocurrency. The IoT server enables the peers to control 
and monitor selfproduced energy. Arduino UNO, ACS 712 hall
effect current sensor, and a relay are the main components used 
in the hardware setup. The current sensor data is sent in real
time to Arduino for onward communication to the IoT server. 
A userfriendly interface has been developed on the server to 
perform various energy trading tasks. Peers have the choice to 
access the server remotely to perform energy trading tasks. The 
energy trading events can be shared amongst peers through email 
notifications. For financial transactions, we utilized Ganache 
graphical user interface (GUI) a private Ethereum blockchain 
eliminating the need for financial institutions. The proposed peer-
topeer energy trading model has been successfully tested for 
energy trading between two peers. This paper provides details of 
the proposed hardware and software setup and explains how low
cost P2P energy trading can be achieved.

Index Terms Keywords—Blockchain, Energy Trading, Ethe
reum, Internet of Things (IoT), Microgrid, Peertopeer (P2P), 
Smart Contract.

Original Research Paper
DOI: 10.53314/ELS2125039B

I. Introduction

INCREASING demand of electric vehicles (EV), use of smart 
appliances and higher living standards may increase the 

demand for electrical energy by 20% in the next decade [1]. In 
recent years, increased utilization of renewable energy sources 
(RES) has been seen worldwide. By 2022, renewable energy 
will be around 30% of world’s energy production [2]. To meet 
the electricity demand and reduce greenhouse gas emissions, 
countries around the globe are focusing on renewable energy 
sources such as solar and wind [4]. The rise in prosumers (buyers 
and sellers) has been witnessed because of less expensive 
renewable energy technologies. Interest has been high to sell or 
share self-produced energy within communities [3].

In conventional power systems, power is produced by larger 
power plants with megawatts capacity situated in distant regions 
and sent to end-use customers over a significant distance by the 
utility network. The electrical energy goes from the producers to 
the consumers, and the cash flow goes the other way. The flow 
of both energy and cash is unidirectional in the conventional 
system of energy transmission and trading. In recent years, the 
energy industry is switching towards the decentralized model as 
information technology, and the distributed energy technologies 
have been further developed [5]. At present, energy is produced 
at larger scales by conventional energy production methods 
such as hydropower, natural gas, coal etc., causing huge 
environmental deterioration and high transmission losses. 

In the case of renewable energy sources, the consumers 
can control their power consumption and production. The 
energy trading between the prosumers and consumers without 
the involvement of any third party is called peer-to-peer P2P 
energy trading. The prosumers and consumers here are referred 
to as peers. It also means that the peers are trading amongst 
themselves, and they do not rely on any mediator. Energy 
market prices are usually set on the national level. While in P2P 
energy trading, the participants have the liberty to set the prices 
themselves. The basis for P2P energy trading in a distributed 
network is founded on a shared economy model [6].

The IoT platform facilitates the energy trading process. 
The advantage of using the IoT platform is that it minimizes 
human intervention. In traditional energy trading networks, the 
energy transactions are unidirectional from a source of energy 
generation over a long distance, causing transmission loss with a 
contrary cash flow. On the other hand, P2P energy trading is not 
unidirectional in terms of both cash and energy transactions [7].

Peer-to-peer (P2P) energy trading became an advanced level 
of energy management solution for smart grid, which permits 
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peers to participate in electricity market either by reducing their 
demand or by selling excess energy [8]. P2P energy trading 
platform enables prosumers to buy or sell energy generally or 
within a community. P2P energy trading is thought to be an 
appropriate trading model in microgrids [9].

Blockchain is an open ledger where different peers can 
connect with each other and are able to perform and verify 
transactions. Otherwise, considered as an accounting record 
system, blockchain keeps the details of all the transactions 
without allowing any interference. These transactions are 
based on smart contracts [10]. Blockchains are distributed 
data arrangements used to store digital transactions with no 
central authority. They can allow numerous users at a time 
to make changes to the ledger without requiring any central 
authority. Every participant has access to the records’ chain 
in the blockchain network. All the new transactions are linked 
with the previous transaction with cryptograph making it more 
adaptable and secure. Every network participant can confirm 
the validity of the transactions in blockchain which authenticate 
the transparent, tamper proof and trustable transactions [11].

In this paper, we propose an IoT-based energy trading plat-
form associated with blockchain-based financial transactions. 
The primary concept is to enable energy trading locally and 
to get financial incentive in the form of cryptocurrency. The 
proposed platform is a decentralized platform that allows the 
peers to connect and trade energy with no involvement of any 
third party. The proposed IoT and blockchain-based P2P energy 
trading platform connects the participants using a web-based 
user interface. The platform can facilitate prosumers in a cost-
effective utilization of distributed generation. It is beneficial 
to both the energy producer and the consumer as the pricing 
mechanism is based on the negotiations between the peers, 
which may be lower than the local energy markets. In this 
particular work, energy trading is considered between two peers 
only. The seller will be paid depending on the energy export, 
and the consumer will be charged according to the negotiated 
price and energy consumed. The IoT platform is used to monitor 
and control energy export and energy consumption, and the 
blockchain technology is used for secure and transparent 
financial transactions.

The significant contribution of this paper is that it covers 
both the financial side and the technical side of a Peer-to-Peer 
energy trading platform. As the current published research only 
address the complex financial solutions of the P2P energy trading 
systems and ignoring the practical transfer and monitoring of 
renewable energy. This paper is unique because it provides full 
implementation details of a P2P energy trading setup. We have 
provided a complete server setup including electrical side and 
software implementation. The technical side helps the peers in 
the physical transfer of electric power, energy metering, and 
available energy monitoring. At the same time, the financial 
side is helpful for financial transactions on a secured blockchain 
network. It also enables the platform participants to decide the 
price of energy themselves which may be lower than the local 
energy markets. To the best of our knowledge such information 
is not found in any publication. The proposed research work 

is successfully tested, and the results are presented in the 
following sections of the paper. 

II. Related Work

In [5] an IoT and blockchain-based system is proposed. IoT 
is used to account for power flows, while a blockchain platform 
eliminates the need for a central authority. The proposed system 
developed a local energy market to deal with distributed energy 
transactions and eliminated central authority. In [12], the 
authors proposed an energy tag (smart contract embedded in 
the blockchain) system. The IoT applications are used to collect 
data regarding the energy needs of a consumer or prosumer 
within a smart home. Based on whether the prosumer has surplus 
energy to sell, or a consumer wants to fulfill its own energy 
needs, a purchase or selling tag is established and sent to all 
members of the platform. The participants who are interested in 
the energy transaction confirm the energy tag with the original 
prosumer or consumer. After the transaction becomes valid, the 
tag is assigned to a block. A ledger is then triggered between 
the participants involved in that particular transaction once the 
block is generated and then sent out to all the participants of 
the energy-transaction platform. The work proposed in [12] 
furthers categorize pure P2P and hybrid P2P energy trading.

The research work presented in [13] suggests a P2P energy 
trading system for a Virtual Power Plant (VPP). The authors 
focused on the financial side using the Ethereum blockchain and 
smart contract and developed a P2P energy trading and bidding 
mechanism. The platform addressed cost and security concerns 
using a public blockchain, and the concept of smart contracts 
is used for auctions. A blockchain-based bidding platform was 
developed, and a cryptography testing environment was set 
up to achieve economic P2P energy trading with efficiency 
and transparency. The suggested auction-based bidding model 
interlinks various software, e.g., Solidity, Remix, Metamask, 
Infuro.io, and Ropsten, to enable a real-life cryptographic envi-
ronment in blockchain-based energy trading. 

In reference [14], the operational costs of alternating 
current (AC) and direct current (DC) operated electrical devi-
ces are evaluated using bill sharing and the mid-market rate 
method for various levels of PV penetration considering both 
households and communities. All the peers in the network 
share the operational cost and income as per the share of 
energy they generate or consume using a bill-sharing method. 
Total generation and demand relationships are used in the 
mid-market rate method to calculate the internal price at the 
average of export and import price. In another research work 
(see [15]), the authors recognized seven different microgrid 
power market standards and evaluated the Brooklyn Microgrid 
based on those standards. The authors established and shaped 
a local electricity market with a focus on a private Ethereum 
blockchain that enables participants to trade self-produced 
energy on a distributed trading system with no contribution of 
any central authority.
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Table I
Summary Of Previous Work

Blockchain 
platform/ Method 
used

Objective Proposed approach

Steemit platform, 
Public blockchain [5]

Prosumers 
engagement in the 
energy market. 
Considered privacy 
and security of 
participants, 
accounting of 
energy flow.

An IoT (Internet of Things) 
system to account the 
energy flows and blockchain 
approach to eliminate the 
need for a central control unit.

Smart contract and 
public blockchain 
[12]

For efficient 
electrical energy 
transaction between 
prosumers, 
categorize pure 
P2P and hybrid P2P 
energy trading

Proposed an energy tag (smart 
contract embedded in the 
blockchain) system

Smart contract and 
public blockchain 
[13]

To address cost 
and security 
concerns and to 
achieve efficient, 
transparent, and 
economic energy 
trading

Auction-based bidding 
mechanisms is introduced

Operational cost 
comparison [14]

Boost energy 
trading

Mid-market rate and bill 
sharing method for different 
levels of PV penetration.

Private blockchain 
[15]

Reduce electricity
cost in the local 
market

A decentralized market
mechanism using a private 
blockchain is proposed

Local Energy trading 
blockchain and 
renewable energy 
trading blockchain 
[16]

To enhance the 
efficiency of 
power trading and 
renewable energy 
utilization

An energy trading system 
using blockchain by 
improving security of wireless 
networks. Also introduces an 
incentive mechanism.

Byzantine based 
blockchain [17]

Enhancement 
of energy and 
information data 
security in trading 
process between 

Byzantine general problem 
framework is utilized to 
feature the application of 
blockchain. 

Game-theoretic 
model [18]

EVs and DN
Substantial financial 
and technical 
benefits for P2P 
community

Noncooperative game is 
used for sellers and for the 
buyers’ evolutionary game 
theory is applied. Stackelberg 
game approach to maintain 
the attraction between the 
participants

The authors in [16] employed wireless networks to develop 
a blockchain based secure power trading structure designed for 
the smart grid. In the proposed system, power data collected by 
the wireless network is recorded using blockchain, and trading 
decisions are made using the smart contract. To improve power 
trading and renewable energy utilization, the authors introduced 
local energy trading blockchain and renewable energy trading 
blockchain named dual-chain structure. They also modeled a 
renewable energy incentive method. The authors proposed 

the energy trading system using blockchain by employing a 
wireless network with improved security. Here, issues such as 
data transmission and single point of failure are addressed in 
the electricity market. The suggested system performs reliable 
distributed energy trading without any central party between 
consumers and prosumers. 

In [17], the Byzantine-based blockchain consensus 
framework is utilized for energy trading amongst EVs and 
distribution networks (DN). DN begins the energy trading by 
requiring more power from the EVs for the duration of the 
peak load period. In this energy trading practice, the blockchain 
is used to secure the shared energy and information from 
vulnerable attacks. Byzantine general problem structure is used 
to feature the application of blockchain. The research work in 
[18] emphasizes P2P energy trading between the prosumers 
in a community using a novel game-theoretic platform. The 
energy needs of the consumer can be adjusted based on the 
quantity of energy offered by the sellers and the price. The 
authors considered two different trading competitions: 1) 
price competition among the sellers; and 2) seller selection 
competition among the buyers. The price competition between 
the sellers is designed as a noncooperative game. For the buyers 
to select the sellers, an evolutionary game theory is applied. 
Additionally, an M-leader and N-follower Stackelberg game 
method is employed to shape the interaction between the 
buyers and sellers. To maintain the equilibrium between the 
games, two algorithms are suggested. The research shows how 
P2P energy trading delivers substantial technical and financial 
benefits to the community, and it appears to be an alternative 
to cost-intensive energy storage systems. The summary of 
previous work is presented in table 1.

The latest research work is presented as a part of the 
literature review in this paper section. All the papers use public 
blockchain except [15], which uses private blockchain to 
adopt only bill sharing techniques. None of the papers above is 
presenting a complete solution for energy trading. The related 
work shows that the authors benefitted the P2P community by 
providing accounts of power flow, categorizing P2P and hybrid 
P2P energy trading, cost analysis, and efficiency of power 
trading between DN and EVs. Contrarily the proposed Peer-
to-Peer energy trading platform gives a state-of-the-art energy 
trading solution to the P2P community. The peers can monitor 
and trade energy and get full benefits of blockchain technology 
in financial transactions on a private blockchain. The system can 
efficiently perform real-time energy and financial transactions, 
which is not addressed in published work. The system proposes 
a complete buying and selling platform including financial 
transactions which have not been addressed in the previous 
work.

III. Internet of Things (IoT)

Internet of Things (IoT) is a generalized notion of connecting 
things to the internet. It minimizes the human intervention with 
the things and automates them. Ultimately, we can get better 
service and information. In IoT, we connect humans, objects, 
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etc., to the internet and gather various information for further 
processing and analysis. Moreover, the IoT comprises actual 
and virtual objects with their own individual features and is all 
around incorporated into the data organization. IoT can convey/
respond to things, conditions, and information. The things also 
respond based on the conditions and the information detected. 
To understand IoT, it is important to utilize sensor, devices and 
technologies that can incorporate with IoT platforms [19].

IoT devices are primarily used for accumulating data 
and information from the physical things around to facilitate 
our daily life. The IoT platforms are also used to control 
IoT devices remotely and hence increasing the quality of 
life. IoT communicates with things by utilizing sensors and 
communication technologies [20], and in response, objects 
respond autonomously without the involvement of humans, 
thereby increasing the efficiency. In this way, IoT can play an 
essential role in the transformation of the energy sector towards 
decentralization, which, in turn will yield economic benefits to 
the prosumers or renewable energy producers. 

Fig. 1.  Internet of things and renewable energy trading

Fig. 1 depicts the IoT connecting different components 
that are considered important in a P2P energy trading network. 
IoT platforms can connect different peers to transfer energy in 
a decentralized network and can manage energy storage and 
renewable energy resources. They can also be utilized for 
charging electric vehicles from distributed energy resources. 
IoT platform provides the peers a decentralized network to 
monitor and control energy trading sessions.

 After navigating through a decade-long journey, IoT 
technology is currently ushering in various opportunities. Nume-
rous IoT gadgets and modules with multiple communications 
protocols, computation technologies, and security algorithms 

have been developed, while others are still in a developing phase. 
IoT platforms use different communication protocols such as 
MQTT, CoAP, DDS, XMPP, and HTTP for communication 
with IoT devices [21]. However, the wired communication 
protocol can also be used to facilitate communication between 
the IoT platform and the IoT devices.

IV. Blockchain

Blockchain uses a distributed ledger technology controlled 
by the participating peers with no involvement of any central 
authority. The idea of blockchain was hailed through a white 
paper by Satoshi Nakamoto on October 31st,2008. He presented 
the concept of an online platform of bitcoin transactions 
between the participating peers and eliminated the need for 
a financial institution [20]. In a blockchain, the blocks are 
assembled in the form of chains, and each block stores the data 
for all transactions. Each block performs a vital role in linking 
the earlier block to the next block instantly after the next block 
appears in the network [20]. All the participants in a network 
store historical data. These are distributed in a block format, 
called a set of transactions. Every node has a public and a private 
key. The participating peers can perform digital signatures on 
the performed transactions using the hash function and private 
key. The blocks holding these transactions are organized in 
the form of chains and are connected without any interruption 
̶ together with the time flow after being formed. As the blocks 
are linked in the form of chains, the information stored in the 
blocks cannot be changed. All the network participants can 
verify the transactions by accessing the ledger they hold. The 
transactions without validations cannot be stored in blocks 
[10]. Hence, the characteristics of blockchain are data integrity, 
security, and decentralization.

 

Fig. 2.  Basic blockchain

Fig. 2 represents the basic blockchain structure. Each block 
contains information such as index; timestamp, which keeps the 
record of the exact block mining time, block hash, the unique 
block identity; Tx hash (Transaction hash, the unique identity 
of every traction performed on a blockchain), and data. Each 
block is also connected to the previous block making a chain 
of blocks. Referring to fig. 2, block B0, always present in the 
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blockchain, is called genesis block, the first block of every 
blockchain. The rest of the blocks in the blockchain stacks over 
the genesis block. In a P2P network, the participating peers 
manage the blockchain independently without the involvement 
of any central authority. As we shift the energy sector from 
a centralized to a decentralized network, blockchain is an 
essential factor, as it can address security and transparency 
issues in energy trading. Such a process can be either local 
(between the peers) or wholesale [22].

V. Smart Contract

Nick Szabo introduced the smart contract concept in 1994. 
He defined a smart contract as “A computerized transaction 
protocol that executes the terms of a contract.” Consequently, 
the advent of blockchain unfolded the significance of smart 
contracts. In terms of blockchain, smart contracts are scripts 
recorded on the blocks forming a blockchain. Each contract 
has a unique address as it dwells on a chain. These contracts 
are generated by addressing transactions to them. Afterward, 
smart contracts execute automatically in a specified method 
on the network nodes [10]. Fig. 3 shows the working of a 
smart contract, where a response is dependent on the pre-set 
conditions. Once the pre-decided conditions are fulfilled, the 
desired response willAs compared to traditional agreements, 
smart contracts do not depend on any mediator. This idea 
of executing smart contracts without any mediator became 
successful only because of blockchain ̶ a system that can self-
execute the contracts. 

Fig.  3.  Working of smart contract [17]

There are different platforms to develop smart contracts, 
e.g., NXT, Bitcoin, or Ethereum [23]. On a blockchain, a smart 
contract shall not be changed. However, it can be monitored, 
authenticated, and self-enforced. Bitcoin first implemented 
smart contracts. In 2015, Vitalik Buterin developed Ethereum ̶ a 
blockchain-based decentralized network for payment execution 
inclusive of a development environment for a wide range of 
smart contracts on blockchain [24].

Ethereum blockchain allows smart contracts to execute 
independently. In this platform, at first, the contract amongst 
the participating peers is applied as a script and then deployed 
to the blockchain network. On the execution of the digital 
commands, the smart contract is initiated automatically on 
the blockchain network, and the condition already set up in 
the smart contract are followed. Hence all the transactions 
are executed independently without relying on any central 
authority. In cryptocurrency, the smart contracts can be deemed 
as wallets because they contain balance and account addresses 
like traditional cryptocurrency accounts [13]. 

VI. System Description

In most countries, the conventional energy trading model 
is entirely managed by utility companies, and the energy 
consumers are altogether dependent on the service providers. 
Besides, the electric power is produced by large-scale power 
plants installed at distant locations from the load centers. There 
is also no uniform policy regarding the pricing mechanism, 
and the energy price is decided centrally without the direct 
involvement of the end-users. As described in Section I, 
increasing demand for electric energy and the penetration of 
renewable energy witnessed an increasing number of prosumers. 
Also, modern technologies emphasize decentralized networks 
where people can deal with each other without the involvement 
of any mediator. Peer-to-Peer (P2P) energy trading is the 
most advanced solution towards decentralized energy trading 
involving independent production, consumption, and financial 
incentives. In a P2P network, the peers can decide the energy 
price by themselves and manage their energy needs without 
relying on any central entity. 

In this work, the proposed peer-to-peer (P2P) energy trading 
model consists of an IoT server with a user interface associated 
with a private Ethereum blockchain. The user interface is 
developed in a user-friendly manner and is simple to use. The 
developed system enables the participating peers of the proposed 
P2P energy trading model to manage their energy needs either 
by selling the excess amount of energy or they may buy the 
energy if their energy demand is increased. The participating 
peers may be the energy buyers or the energy sellers.

The P2P energy trading model connects Prosumers together 
and facilitates the energy trading amongst them. In this P2P 
energy trading model peer can consume self-produced energy 
and sell the excess energy by using the developed user interface 
(UI) of the server. The UI enables the prosumers to give buy 
or sell calls, transfer energy, measure the energy transferred, 
and execute payments. There are also options to refuse the 
buyer in case energy is not available to sell. Also, an emergency 
stop button may be used to stop energy flow if an emergency 
occurs. The peer (buyer or seller) can show the willingness to 
buy or selling by using the “Buy” or “Sell” button on the UI 
of the server. Once peer1 initiates the buy call with the buy 
call button, it will send an e-mail notification to peer2 showing 
the inclination of peer1 to buy energy. If peer2 to have enough 
energy and is ready to sell energy to peer1, peer2 will transfer 
energy to peer1 by using the “Energy Transfer” button on UI. 
For financial incentives, we used here a fully private Ethereum 
based blockchain technology to ensure secured, transparent 
and tamper proof financial transactions. Blockchain enables 
the peers to perform efficient and speedy transactions to get 
incentives for the energy exported. It allows direct financial 
transactions between peers and eliminates the need for any 
central financial institution. 

Fig. 4 shows the block diagram of a P2P energy trading 
model. The P2P energy trading process starts from buy or sell 
calls. After a peer receives a buy call, he/she will be able to sell 
energy. If a sell call is received, the peer may accept the energy 
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selling offer. The next step is to transfer the energy between the 
peers if enough energy is available. If the available energy is 
not sufficient for selling purposes, this peer has the choice to 
refuse the other peer. When ready, the peers may utilize the UI 
to initiate the transfer of energy. The developed system is fully 
decentralized and reduces human interventions to a minimum. 
Once the peers transfer energy, the system automatically 
disconnects the power supply according to the predetermined 
time intervals. The server of the P2P energy trading model is 
developed using Node-Red visual programing language, which 
can measure the energy consumed and send e-mail notifications 
of energy consumption to the peers. The block diagram also 
shows a payment execution block that shows that the system is 
also enabled to perform the financial transactions in response to 
the consumed energy.

     Peer1    Peer2

Fig. 5.  Schematic diagram of the proposed System

The developed model is also associated with the fully private 
Ethereum blockchain to perform financial transactions. After the 
energy transaction is completed between the peers, the buying 
peer (energy importer) will receive an e-mail notification to pay 
for the energy consumed, and the financial transactions are then 
performed using the Ethereum blockchain. The P2P energy 
trading model, in addition to empowering the participating 
peers to refuse if sufficient energy is not available, has also 
an option to stop energy transfer in case of an emergency. 
The block diagram shows how the P2P energy trading model 
facilitates the P2P energy trading in a decentralized manner and 
eliminates the need for any central authority. 

The P2P energy trading model presented in this paper is fully 
autonomous and works in a decentralized manner. The system can 
transfer energy between the peers without human interventions, 
and the associated Ethereum blockchain enables the peers to get 
the incentive for energy trading. There is no central authority to 
decide the price of energy. In this P2P energy trading model, the 
electric energy price is pre-decided amongst the peers allowing 
energy prices lower than the local energy market. The system 
can manage energy needs and measure energy consumption in 
real-time, and the buyer must also pay for the energy consumed 
using the Ethereum blockchain under sufficient security and 
transparency. The P2P energy trading model developed here is 
adequate to accommodate 10 participants. However, as an initial 
test, we have applied it for only two peers, the details of which 
are presented in the next sections.

Fig. 5 presents the schematic diagram of the P2P energy 
trading model. In the figure, two peers named “peer1” and 
“peer2” are shown. Both the peers are equipped with the distri-
buted energy resources. Peer1 is equipped with solar energy 
resource as photovoltaic panels appears in the figure while 
peer2 is utilizing wind energy to fulfill its energy needs. The 
P2P energy trading models enables the participants to share 
energy after fulfilling their own energy requirements and get 
the financial benefits in the form of crypto currency. The details 
of each component are presented below:

•	 Server: A server has been developed for the P2P energy 
trading model to facilitate energy trading between peers. 
Peers are programmed in a Node-Red IoT platform and 
Ethereum blockchain.

•	 Data: All the information regarding the energy trading 
and financial transaction is transmitted between the 
participating peers of the system using a private network.

•	 Energy: For the physical transfer of energy services, 
wires are used in this P2P energy trading model.

•	 Switch: Switch is used for the physical transfer of energy 
between peers.

•	 Load: Load can be lights, motor, appliances, etc. 
However, for testing this system, two light bulbs of 100 
watts each have been used.

•	 DC/AC Converter: DC to AC converter can be used 
as most of the renewable energy resources gives DC 
output, and commonly used household loads are in AC.

•	 Batteries: Batteries can be used to store energy and 
supply surplus energy between peers.

•	 Photovoltaic panels represent a renewable energy 
source.

•	 Wind turbine: Represents a renewable energy source.

The proposed peer-to-peer energy trading model has 
major contribution to facilitate P2P community, it satisfies all 
the requirements of a fully decentralized P2P energy trading 
network which has not been addressed yet. IoT platform enables 
the peers to trade energy with high efficiency. Blockchain 
technology allows peers to perform and verify financial 
transactions without relying on any third party. 

Fig. 4. Block diagram of P2P energy trading
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VII. Experimental Setup

The proposed P2P energy trading model has two main 
components: (1) hardware setup and (2) software-based setup. 

A. Hardware Setup
The hardware setup of the proposed system is presented 

below in fig. 6. The structure comprises an Arduino UNO 
microcontroller, ACS 712 Hall-effect current sensor, relay 
board, jumper wires, LED, a resistor, and wires to supply 
energy to the connected load. Arduino UNO is selected based 
on its compact size and is programmed using Arduino IDE to 
receive data from the current sensor and onward transmission

of data to the IoT server. In this setup 30A module of ACS 
712, Hall-effect current sensor is used to measure the current 
ranging from 0A to 30A. The switching capacity of the SRD-
05VDC-SL-C relay board used in this hardware setup is 10A. 
Fig. 7 shows the load connected to the system for testing. The 
load is composed of two light bulbs: 100 watts each. A wired 
communication protocol is used for the communication of data 
between the hardware setup and the IoT server. 

Fig. 7.  Load connected to P2P energy trading model

After connecting the load to the system, the current sensor 
sen ses the current flow and transmits the sensed values to the 
IoT platform. The IoT platform starts measuring the consumed 
energy by taking the voltage value as standard AC 120V using 
payable energy node and based on the information transferred by 
the Arduino microcontroller (The system is tested in St. John’s 
Newfoundland, Canada with standard values of AC as there is 
no voltage fluctuation here). Arduino UNO analog pins are used 
to transfer the data sensed by the current sensor to the server, and 
digital pins support the energy transfer process. The relay here 
is used to perform automatic switching operations. The relay 
operates based on the signal received by the IoT platform. Once 
the relay gets the signal from the IoT platform automatically 
starts or stops the energy transfer process. As soon as the energy 
transfer is complete, an e-mail notification is generated and sent 
to the energy consumer, and the system is disconnected. Here, 
an LED is used to indicate the trading session. Once the trading 
session starts, it turns on. After the trading session is over, it 
automatically turns off. Table 2 summarizes the hardware used 
in the proposed P2P energy trading model and the purpose of 
the hardware being used.

Table II
Hardware Description

Hardware used Purpose

Current sensor Used to sense current drawn by the load.

Arduino board Arduino microcontroller digital pins are used to 
perform energy transfer function/indication. Analog 
pins are used to transmit sensed current value.

LED LED is used to specify trading session.

Power Supply Standard 120 V 60 HZ AC power supply is used for 
testing purposes

Relay To start or stop energy transfer process automatically

Electric wires To supply energy to the load

Jumper wires

Light bulbs

To connect circuit components

Two light bulbs 100 watts each are used to serve as 
load

B. Software Setup 
The software setup comprises a Node-Red IoT platform, 

Ganache graphical user interface (GUI), Ethereum blockchain, 
and MetaMask. Node-Red visual programming language is 
used to develop the flow-based server and create the UI for 
the proposed P2P energy trading model. Node-Red flow is 
used to assign tasks to the nodes and to connect the nodes with 
each other, while the user interface helps the peers to perform 
the required tasks for efficient energy trading. The peers may 
access the server remotely and are able to complete required 
transactions even not being on-site. After completing energy 
transactions, payment execution can be done on the private 

Fig. 6.  Hardware setup of P2P energy trading model
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Ethereum blockchain using ganache GUI and MetaMask. In 
this platform, occasionally, the participating peers will have 
to pre-decide the price of energy themselves without being 
dependent on any intermediary. Table 3 describes the software 
used to build the server. The hardware setup communicates 
with the software setup through USB serial ports.

Table III
Software Setup Description Of The Proposed Energy Trading Model

Program Purpose

Node-Red Used to develop the flow to connect different nodes 
using Node-Red visual programming language.

Node-Red User 
Interface

Helps peers to perform different tasks, such as ‘Buy’, 
‘Sell’, ‘Refuse’, ‘Transfer’, or ‘Stop’.

Ethereum Blockchain Ganache GUI is used to develop local Ethereum 
blockchain for test run.

MetaMask MetaMask is used to perform transactions.

a) Node-Red flow 
Fig. 8 represents the flow, programmed using Node-Red 

visual programming language for the proposed P2P energy 
trading model. It represents buttons to facilitate ‘Buy’ and ‘Sell’ 
calls and respond to the respective calls. Peers are connected to 
each other through e-mail communication. 
 

Fig. 8.  Node-Red flow for the proposed P2P energy trading model

Arduino nodes represent the connection with Arduino board. 
After the connection is established between the Arduino nodes 
and the Arduino board the current sensor transfers the data to 
the server, which facilitates the power measurement through 
‘Power Meter’ and energy measurement using the ‘Payable 
Energy’ node as shown in fig. 8. Node-Red node named ‘Payable 
Energy’ is placed to notify the energy consumption of a ‘start 
event’, to calculate the energy consumed in KWh, and to show 
the event time in seconds. It also declares a ‘stop event’ after 

energy transfer is over. Once the stop event is declared by the 
specific node, it sends an e-mail notification to the peer (energy 
exporter) notifying the consumed energy and the time for which 
energy was consumed. For sending e-mail notifications between 
the peers, the Node-Red e-mail notification node is used, shown 
in fig. 8. A trigger node is also shown in fig. 8, which is used 
to facilitate the energy transfer for a particular interval of time. 
After the pre-set time span is over, the trigger node generates 
a signal that halts the energy transfer process by actuating the 
relay. A debug node is also used to display all the data on the 
server itself.

b) Node-Red User Interface (UI)  
Fig. 9 shows the Node-Red dashboard user interface (UI) 

composed of different buttons and a power meter. A peer can 
give different calls by tapping on this UI and able to monitor the 
supplied power on the power meter.

Fig. 9. Node-Red User Interface

It also shows the notification in response to a ‘Buy’ call 
generated by peer1. When peer1 makes a ‘Buy’ call showing 
the willingness to buy energy, a notification will pop up on 
the screen. At the same time, peer2 will receive an e-mail 
notification, as shown in fig. 10.

Fig. 10.   E-mail notification of energy 
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If the excess energy is available or peer2 is willing to sell 
energy, peer2 will transfer energy using the ‘Transfer’ button, 
and energy transactions would start between the peers. Peer1 
will get an e-mail notification indicating that the energy transfer 
has started. After the energy is transferred, the system will 
automatically disconnect the power supply based on the pre-
set time between the peers. Peer1 will again receive an e-mail 
notification of payable energy showing time (in seconds) and 
energy consumption (in KWh). The UI of the sever gives the 
peers some other options such as ‘sell’, ‘refuse’, and ‘stop’. 
Peers willing to sell energy can also send the sell call. If the 
energy is not enough to be sold, the UI allows them just to tap 
the ‘Refuse’ button, and the other peer will receive an e-mail 
notification that energy is not available. In fig. 9, a ‘stop’ button 
is also shown, which allows the participants of the proposed 
P2P energy trading model to stop the transfer of energy instantly 
during any unwanted incident.

Fig. 11.  Events shown in debug window

The system has been tested for various time intervals after 
connecting the load. All the trading sessions have been shown 
on the server and communicated to the peer (energy user) at 
the time energy transfer started and once the trading session 
was over. Fig.11 shows the start of the energy trading sessions, 
which also declares that the trading session is over by indicating 
the ‘event: stop’ notification with time stamps. 

The server developed on the Node-Red IoT platform 
enables peers to trade energy freely according to their choice 
and without relying upon any utility company. All the trading 
sessions appear in the Node-Red debug window. At the same 
time, the energy consumer is notified about the energy trading 
session through e-mail notifications, as shown in fig. 12. All 
the information regarding energy trading would appear in the 
debug window on the server, and at the same time, all the trading 
events would be communicated through e-mail notifications. 

Fig. 12 shows the e-mail notification from Node-Red regar-
ding the trading session, which is the same as the information 
that appeared on the server itself. After the peer gets the 

information about the energy consumed, he/she will then pay 
for the energy consumed using the Ethereum blockchain. 
Details are presented in the next section.

c) Payment Execution 
For payment execution, we use Ganache GUI, which 

provides the local network of Ethereum blockchain with 10 
accounts. Each account is associated with public and private 
keys and a balance of 100 Ethers, which can be used to run tests. 
Ether is a cryptocurrency, and Ganache GUI allows financial 
transactions in Ethers. 

After successful transactions, Ganache GUI creates 
real-time blocks. It also helps the participants to explore the 
blockchain, transactions and to deploy smart contracts. Peers 
can connect using RPC Server.

Fig.  13.  Accounts with associated balance on server

Fig. 13 shows the created accounts for the testing purposes, 
the balance of 100 Ethers in each account except the accounts 
on INDEX 0 and INDEX 1 as we had performed transactions 
between these two accounts. The TX COUNT (Transaction 
count) represents that two transactions have been performed 
using the accounts at INDEX 0 and 1. For the rest of the 
accounts, the TX count is 0. The private key is hidden for all 
accounts. It is important to hide and secure the private key as it 
gives the peers the rights to funds with the associated address.

The TX COUNT in fig. 13 shows that 04 
transactio ns have been performed using the address 
0xFaFC72f0B5Eb377F38f29CcAC35c20A1aE45861f and 
0xa4167367e7552dADa3471CC53e80bb4205fE245d, hence 
four blocks have been mined on the blockchain server the status 
of which is shown in fig. 14.

Fig. 12.  P2P energy trading e-mail notification
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Fig. 14.  Blockchain status on the server

It also shows the transaction details and the amount of GAS 
used. In cryptocurrency, the network charges a fee from the 
peers, which is called GAS. It only exists inside the Ethereum 
blockchain just to check the amount of work done. However, 
the transaction fee is charged based on the GAS price in 
the form of Ethers. If we explore the transaction in a block, 
it gives us important details of the addresses amongst which 
the transaction is performed, as well as Tx Hash (Transaction 
Hash), block hash and the time stamp.

Fig. 15.  Block details 

The transaction Hash is a unique string of characters 
associated with each transaction. The details saved in block 4 
regarding the transaction performed on the private Ethereum 
blockchain are shown in fig. 15.

Fig. 16. MetaMask plugin

Fig. 16 shows the MetaMask plugin extension that is used 
to access the distributed applications of Ethereum as an add-on 
extension in Google Chrome. Ganache GUI can be accessed 
using MetaMask to perform transactions. 

The balance of the accounts can be imported to MetaMask 

using the private keys of the accounts. To perform the 
transactions between peer1 and peer2, we have imported 
the balance using the private keys of the accounts into 
MetaMask. Once the private key is imported in the MetaMask, 
the balance associated with the private key appears, as 
shown in fig. 16. The balance associated with account 
0xFaFC72f0B5Eb377F38f29CcAC35c20A1aE45861f for peer1 
and account   0xa4167367e7552dADa3471CC53e80bb4205fE245d 
INDEXED at serial 1 for peer2 has been imported using the 
private keys, showing 100 Ethers for each account. Once the 
accounts are imported, the transactions can be performed by 
the peers, and the blocks are mined with timestamps following 
each transaction.

In this way, the participating peers of the P2P energy 
trading model are able to perform secured financial transaction 
on a private Ethereum blockchain using a unique private key 
that gives participant access to his ganache account and uses 
funds in a secured manner. While for the technical side, every 
participant has access to its own Node-red IoT server to monitor 
and transfer energy. The participants use e-mail notifications for 
communication, secured by built-in features of e-mail security 
like password and two-factor authentication.

VIII. Conclusion

The proposed P2P energy trading model has a unique and 
simple architecture. As compared to the existing P2P energy 
trading platforms, the proposed system is user-friendly, 
open-source, and may introduce increased efficiency and 
profitability. The existing P2P energy trading platforms mainly 
focus on software-based financial transactions to facilitate 
P2P trading. However, the proposed system in this work not 
only covers the financial side using the blockchain technology 
but also proposes hardware set up connecting with Node-Red 
for transfer of energy in real-time to get financial benefits as 
blockchain server provides a secure and transparent system 
for financial transactions. We have demonstrated that how an 
open-source platform can be utilized to achieve all the tasks 
in a P2P network. An interactive user interface has been 
developed to transfer energy. Ethereum blockchain is used 
for payments of the consumed energy. The proposed platform 
provides a complete open-source solution for energy transfer, 
metering, and fund transfer for P2P energy trading. Although 
the proposed P2P energy trading model has been tested in real-
time for two peers only, this system is able to accommodate 
10 peers at a time and can be extended at an inter-community 
level. This fully decentralized platform gives the opportunity 
to the peers to decide the price of energy they are producing. 
They can also control and manage their energy requirements. 
As such, this system yields financial benefits to the participants 
of P2P network. The peers can access the server remotely and 
start trading any time just by tapping on the UI. The proposed 
system is fully automated and eliminates the need of human 
intervention. In addition, peers can enjoy the distinct features 
of blockchain without relying on conventional financial 
institutions.
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Abstract—Soil electrical conductivity is one of the indispens
able and important parameters in fine agriculture management, 
and a suitable soil electrical conductivity can promote good plant 
growth. Prediction model of soil electrical conductivity is con
structed to effectively obtain the conductivity values of soil, which 
can provide a reference basis for irrigation and fertilization man
agement and prediction evaluation in fine agriculture. Prediction 
model of soil electrical conductivity based on extreme learning 
machine (ELM) optimized by bald eagle search (BES) algorithm is 
proposed in this paper. In the prediction model, the input weights 
and bias values of the ELM network were optimized using the BES 
algorithm, and the performance of the model was evaluated with 
parameters such as mean square error (MSE), coefficient of de
termination (R2). Also, the correlations of parameters such as soil 
temperature, moisture content, pH, and water potential in the soil 
conductivity prediction model were determined using the explor
atory data analysis (EDA) and HeatMap heat map tools. Finally, 
the proposed model was compared with back propagation neural 
network (BP), radial basis function networks (RBF), support vec
tor machine (SVM), gated recurrent neural network (GRNN), long 
shortterm memory (LSTM), particle swarm algorithm (PSO) op
timization ELM, genetic algorithm (GA) optimized ELM predic
tion model. The experimental results showed that MSE, R2 of the 
proposed model are 4.09 and 0.941, which are better than the other 
models. Also the results verified the effectiveness of the proposed 
method, which is a feasible prediction method to guide the irriga
tion and fertilization management in fine agriculture, because of 
its good prediction effect on soil conductivity.

Index Terms—Soil electrical conductivity, prediction model, 
Machine learning, precision agriculture

Original Research Paper
DOI: 10.53314/ELS2125050H

I. Introduction

The material exchange between plants and nature is done 
through the root system. The root system is an important 

source of water and nutrients for plants, and its growth state 
reflects the growth and development of plants [1]. There are 
many factors influencing root development, among which soil 
moisture content and soil conductivity are two more important 
factors. Proper soil moisture content and electrical conductivity 
can promote good plant growth. Too low or too high soil mois-
ture content can negatively affect the physiological activities 
of the root system [2]. The soil electrical conductivity directly 
reflects the salinity of the soil. High salinity in the soil will di-
rectly lead to the failure of the crop to grow and even lead to 
the death of the crop root system by dehydration. Soil electrical 
conductivity is an indispensable and important parameter for 
the study of precision agriculture, so it is important to construct 
a soil electrical conductivity prediction model to effectively ob-
tain the electrical conductivity values of soil for formulating 
and guiding the management of agricultural irrigation and fer-
tilization, and also to lay the foundation for the popularization 
of modern fine agriculture [3].

In recent years, the application of IoT technology and artifi-
cial intelligence technology in agriculture has become more and 
more common, and the research of prediction models of soil 
electrical conductivity in combination with sensor technology 
has become a hot spot. Cai et al. proposed a method of salt-ef-
fected soil information extraction based on a support vector 
machine with texture features, which can effectively extract in-
formation and classify saline soils [4]. Ghorbani et al. optimally 
developed a multilayer perceptron using a firefly algorithm to 
estimate EC values by combining some factors such as loam 
texture, cation exchange, and drainage [5]-[6]. Singh et al. im-
plemented five data-driven techniques and their wavelet forms 
to predict soil permeability [7]. Gao et al. predicted soil mois-
ture content and electrical conductivity in citrus orchards using 
IoT and LSTM [8]. Amirhosein Mosavi et al. constructed and 
evaluated a multilayer perceptron (MLP)-grey wolf hybrid ma-
chine learning model to analyze the correlation between electri-
cal conductivity and parameters of soil organic matter. Sahana 
Mehebub et al. used a salinity index assessment model derived 
from measured soil electrical conductivity and remote sensing 
data [9]. Zhao Hui et al. used partial least squares regression 
(PLSR) and support vector machine (SVM) to construct an es-

Prediction Model of Soil Electrical Conductivity 
Based on ELM Optimized by Bald Eagle  

Search Algorithm
Ying Huang, Hao Jiang, Weixing Wang and Daozong Sun

Manuscript received 25 March 2021. Received in revised form 18 June 2021. 
Accepted for publication 6 July 2021.

Ying Huang is a PhD student in the Electronic Information School, Wuhan 
University and with the Faculty of Liuzhou Railway Vocational Technical College, 
Liuzhou Guangxi, China (e-mail: hy@ltzy.edu.cn). 

Hao Jiang is with Faculty of Electronic Information School, Wuhan 
University, Wuhan Hubei, China (corresponding author, e-mail: jh@whu.edu.cn).  

Weixing Wang and Daozong Sun are with School of Electronic Engineering, 
South China Agricultural University, Guangzhou Guangdong, China (e-mail: 
Weixing@scau.edu.cn and sundaozong@scau.edu.cn).



ELECTRONICS, VOL. 25, NO. 2, DECEMBER 2021 51

timation model for hyperspectral data of soil electrical conduc-
tivity [10].

There is an upward trend in approaches to modeling rela-
tively complex input features, such as artificial neural network 
models (ANN), ELM models, and RBF models, which have an 
advantage in their ability to examine linear and nonlinear inter-
actions between input and output variables. Proper modeling in 
an attempt to find the hidden patterns of complex problems is 
essential for accurate prediction.

Although soil salinity is considered a well-recognized phe-
nomenon in irrigated agriculture, only a few researchers have 
developed data-driven salinity models and investigated the re-
lationship between them [11]. Moghadas et al. used a neural 
network-based forward solver for soil electrical conductivity 
imaging [12]. K.K. Benke, S et al. used machine learning to 
develop soil electrical conductivity and organic meandering 
functions for carbon content prediction [13]. The usefulness of 
such models is expected to play an important role in making 
fine agricultural management strategies.

The main objective of this study is to propose a prediction 
model of soil electrical conductivity. The model is based on 
joint use of extreme learning machine (ELM), which is an arti-
ficial neural network (ANN), and Bald Eagle search algorithm 
(BES), which is an iterative optimization algorithm with glob-
al search capability, which is expected to study the prediction 
of soil electrical conductivity based on parameters such as soil 
temperature and humidity, pH value, and soil moisture content. 
Finally, the prediction model is used for formulating and guid-
ing the management of agricultural irrigation and fertilization. 
The first chapter introduces soil electrical conductivity and the 
current status of its research; the second chapter describes the 
method of data acquisition; the third chapter is the construction 
of the soil electrical conductivity prediction model; the fourth 
chapter is the model evaluation results and analysis; and finally, 
the conclusion and discussion.

II. Materials and Methods

A. Soil Information Collection System
The soil information acquisition system is constructed, 

which is composed of sensor circuits, single-chip module cir-
cuits, wireless communication modules, and solar panel power 
supply circuits. The sensor circuit mainly includes soil tem-
perature, soil moisture content, soil electrical conductivity, 
pH value, and soil water potential sensor circuits, which are 
mainly responsible for real-time collection of tea garden soil 
information; the core of the single-chip module circuit is the 
STM32F103C8T6 single-chip microcomputer, which is main-
ly responsible for data processing; the wireless communication 
module is mainly composed of GPRS The module is mainly 
responsible for transmitting data to the remote server, which 
are shown in Fig. 1.

Fig. 1.  System structure diagram

B. Data Processing
The data collection experiment was conducted on the campus 

of South China Agricultural University in Guangzhou, Guang-
dong Province. Data was collected from October 5, 2020, to 
November 16, 2020. Parameters such as soil moisture content, 
soil electrical conductivity, and soil temperature were calcu-
lated for each interval of 1 h, 6 h, 12 h, and 24 h using the 
aggregated data package for that day. Because each environ-
mental parameter has a different order of magnitude, it needs to 
be normalized in the data preprocessing stage. After averaging 
the preprocessed data for each node, correlation analysis was 
performed for each environmental parameter with soil moisture 
and conductivity, respectively [8].

III. BES-ELM Models

A. Bald Eagle Search (BES) Algorithm
Bald eagle search (BES) algorithm is a new metaheuristic 

algorithm proposed by Malaysian scholar Alsattar in 2020, 
which has powerful global search capability and can effectively 
solve various complex numerical optimization problems. The 
main principle is to simulate the predatory behavior of the bald 
eagles and divide it into three phases: select stage, search stage, 
and swooping stage [14]-[15].

In the select stage, bald eagles randomly select the area to 
search food and then select the best area by judging the number 
of the preys. The position of the bald eagle is mainly deter-
mined by prior experience and position change parameters, as 
shown in:
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where a represents the position change control parameter that 
takes a value between 1.5 and 2, g  is a random number between 
0-1, Pbest represents when the bald eagle has the best search 
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position identified during their previous search, Pmean indicates 
that these eagles have used up all information from the previous 
points, and Pi is the position of the i-th bald eagle.

In the search stage, the bald eagle flies in a spiral shape to 
search for prey within the selected search space, and moves 
in different directions within the spiral space to speed up its 
search, and then finds the best dive capture position. At this 
time, the best position of the bald eagle is determined by the 
equations (2)-(5).
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 (5)

where q	(i) and r(i) represent the polar angle and polar diameter 
of the spiral equation, j is a parameter determining the corner 
between point search in the central point that takes a value be-
tween 5 and 10, and R is an parameter determining the number 
of search cycles that takes a value between 0.5 and 2, rand is a 
random number from 0-1, x(i) and y(i) indicate the position of 
the bald eagle in polar coordinates. 

In the swooping stage, the bald eagle quickly flies to the 
target prey from the best position in the search space, and other 
individuals in the population also move to the best position and 
attack the prey at the same time. At this time, the position of the 
vulture is calculated. 
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where c1 and c2 are parameters that can increase the movement 
intensity of bald eagles toward the best and center points that 
take the value between 1 and 2.

B. Extreme Learning Machine (ELM)
ELM is a new fast learning algorithm proposed by Huang 

Guangbin to improve the BP algorithm to improve the learn-
ing efficiency and simplify the setting of learning parameters, 
which has the advantages of fast learning rate and good gener-
alization performance [16]-[17].

Suppose that there are N samples (xi, ti), and that are shown in:
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Therefore, a single hidden layer neural network with L invis-
ible nodes can be expressed as:
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where g(x) represents the activation function,

Wi = [wi1, wi2,...,win]
T  indicates input weights, bi indicates 

output weights, bi is The bias of the i-th hidden layer unit.

The ELM network structure is shown in the Fig. 2.

Fig. 2.  ELM network structure diagram

The goal of learning is to minimize the output error, which 
expressed as: 
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In other words, there are three parameters (bi , bi and Wi ) 
that make the following formula (14) true.
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It can be expressed in a matrix, as shown in:
Hb = T   (15)

where H is the output of the hidden layer node, b is the output 
weight, and T represents the output expected.

We can find the optimal value 
∧

ib , 
∧

ib  and W  ̂  i to ensure the 
goal, which is given in:
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C. BES-ELM Modula
The initial input weights and bias settings of ELM have an 

important impact on the recognition results of the network. The 
ELM’s input weights and biases are optimized by BES to en-
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sure the minimum value of its fitness objective function, which 
is shown in:
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First, the ELM model is used to predict the output of the 
input parameters, find the error with the expected value, and 
use it as the fitness value of the BES algorithm. BES finds the 
optimal fitness value based on this fitness value and determines 
the optimal position of the bald eagle, and then inputs it as the 
optimal input weight and bias to the ELM for training, and con-
tinues the cycle until the condition is satisfied.

IV. Experiments and analysis

A. Evaluation Indicators
To validate the performance of the algorithm, the evaluation 

metrics are measured using the mean square error (MSE) and 
the coefficient of determination (R2) [18], and the error (Error) 
of the entire test sample is also an indicator, which is defined in:
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where yp represents the predicted value, yr represents the mea-
sured value, yp represents the mean of the measured value, and  
M represents the sample value.

And error is calculated by the norm function.

B.  Data Correlation Experiment

Data were collected from October 5 to November 16, 2020, 
and the average values of soil moisture content, soil water po-
tential, soil electrical conductivity, soil temperature, and pH 
value were calculated for each 1-hour interval, for a total of 
635 sets of data. EDA (Exploratory Data Analysis [18] and 
HeatMap heat map tools were used to analyze the correlation 
between individual soil moisture content, soil electrical con-
ductivity, soil water potential, soil temperature, and pH value, 
as shown in Fig. 3.

In Fig.3, the abbreviated form is used for display conve-
nience. Conductivity represents soil electrical conductivity, 
Moisture represents soil moisture content, pH represents pH 
value, Hydro represents soil water potential, and Temperature 
represents soil temperature.

The numbers in the graph represent the correlation coeffi-
cient matrix. The larger the value, the greater the correlation is. 
It shows moderate to high correlation between the soil electrical 
conductivity on one hand and the soil moisture content and soil 
water potential on the other, both around 0.6, which indicates 
that soil electrical conductivity is more influenced by moisture 
content and soil water potential, and the correlation of soil elec-
trical conductivity with soil temperature and pH was only 0.2 
and 0.1, which indicates that soil conductivity is less influenced 
by soil temperature and pH value.

From the figure, it is found that soil electrical conductivity 
is most correlated with soil moisture content and soil water po-
tential, as such is soil temperature and pH value.

C. Application of BES-ELM Modula

The choice of input parameters in the prediction model plays 
an important role in the accuracy of the prediction results. The 
parameters collected in this system are mainly soil water con-
tent, soil water potential, soil temperature, pH value, and soil 
electrical conductivity, where the soil electrical conductivity is 
collected mainly to verify the accuracy of the model prediction. 
Data correlation experiment mentioned above shows moderate 
to high correlation between the soil electrical conductivity on 
one hand and the soil moisture content and soil water poten-
tial on the other, both around 0.6, which means that soil water 
content and soil water potential have a relatively large effect 
on soil conductivity. Therefore, soil moisture content and soil 
water potential can be used as inputs to the prediction model. 
Although soil temperature and pH have a slightly smaller effect 
on soil electrical conductivity, they can also be used as inputs 
to the prediction model if necessary to increase the accuracy of 
the model predictions.

The steps of the algorithm are described as follows.
Step 1: Data processing. The data were preprocessed us-

ing the [0, 1] standardization, and the abnormal values were 
eliminated by 3σcriterion. 500 sample data were randomly se-
lected as the training set, and the remaining 135 sample data 
were used as the test set to train and test the soil conductivity 
prediction model.

Step 2: Initializing the parameters of the BES algorithm and 
ELM network, which is presented in Table Ⅰ.

Fig. 3. Data correlation analysis
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Step 3: Initialize the input weights, output weights, and bias
Step 4: Set the fitness function. The mean square error (MSE) 

is chosen as the fitness function of the optimization-seeking al-
gorithm. Given the input training and test datasets, the fitness 
values can be calculated based on the ELM network. Then, giv-
en the value of the fitness function, the condor uses the formula 
(1)-(9) mentioned above to continuously update the position 
until the best solution obtained in the population for solving 
the problem.

Step 5: The ELM’s input weights, biases, and output weights 
are optimized by BES to ensure the minimum of the ELM’s fit-
ness objective function.

Step 6: Substitute the optimized parameter values into ELM 
neural network for prediction and output the results.

D. System Model Analysis

The data were collected from October 5 to November 16, 
2020, and the average values of soil moisture content, soil wa-
ter potential, soil conductivity, soil temperature, and soil mois-
ture were calculated for every 1-hour interval, with a total of 
635 sets of data. 500 sets of these data were selected as the 
training set and the remaining 135 sets were used as the test set. 
The specific parameters of the experiment are shown in Table I.

TABLE I
Experiment parameters

Module Variables Value

BES

a 1.5

a 10
R 1.5
C1 2
C2 2
N 100

Maxiter 100

ELM
Input 4

hidden 100
output 1

The average values of soil moisture content, soil water po-
tential, soil temperature, and soil PH at 1-hour intervals were 
used as the input values of the model, and soil electrical con-
ductivity was used as the output value, and the experiments 
were conducted according to the values of the network param-
eters set above. The results of ELM prediction, BES-ELM pre-
diction, and error values are shown in Figs. 4-6.

From the figure, it is found that the MSE, R2, and over-
all error values predicted by ELM are 45.5511, 0.39886, and 
78.4181, respectively, while the MSE, R2, and overall error val-
ues of BES-ELM are 4.482, 0.93592, and 24.5983, respective-
ly. This is because ELM is randomly generated input weights 
and bias values, and the prediction is less effective, while BES-
ELM is optimized using the bald eagle search algorithm to en-
sure that the error between the output value and the expected 
value is controlled to the minimum value, and the performance 
of BES-ELM is far better than the ELM effect. The figure shows 
that BES-ELM has the smallest error rate, short prediction time, 

good fit to the actual value curve, prediction results closer to 
the actual value, minimal oscillation in the overall relative er-
ror curve, and a smoother relative error curve. This indicates 
that BES-ELM is a feasible method for predicting soil electrical 
conductivity with good prediction results.

E. Comparation with Existing Algorithms

To prove the validity of this prediction model, we will com-
pare the performance of the algorithm with the existing algo-
rithms. Algorithms used for comparison are back propagation 
neural network (BP) [19], radial basis function networks (RBF) 

Fig. 4. Comparison of real values and predicted values using ELM

Fig. 5.  Comparison of real values and predicted values using BES-ELM

Fig. 6. Variation of error and number of iterations
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[20], support vector machine (SVM) [21], GRNN [22], LSTM 
[23], and two optimization ELM networks are constructed us-
ing particle swarm algorithm (PSO) [24], and genetic algorithm 
(GA) [24], and the corresponding networks are named PSO-
ELM, and GA-ELM, respectively.

The prediction model proposed in this paper has relative ad-
vantages related to other models. The parameter values in the 
table are averaged over the results of 5 replicate experiments, 
which are shown in Table Ⅱ.

Table Ⅱ
ALGORITHM PERFORMANCE COMPARISON

Model MSE R2

BP 26.08 0.614
RBF 17.94 0.802
SVM

GRNN
LSTM

PSO-ELM
GA-ELM
BES-ELM

30.84
42.30
45.80
27.30
24.30
4.09

0.674
0.415
0.826
0.665
0.706
0.941

Table Ⅱ shows that the GRNN model has the worst predic-
tion performance among the eight models, with MSE and R2 of 
42.30 and 0.415, respectively; the BP model and SVM model 
have slightly better prediction performance, with MSE and R2 
of 26.08 and 0.614 for the BP model, MSE and R2 of 30.84 and 
0.674 for the SVM model, and MSE and R2 of 17.94 and 0.802 
for the RBF model and LSTM model, respectively. The MSE 
and R2 of the BP model are 26.08 and 0.614, the MSE and R2 
of the SVM model are 30.84 and 0.674, respectively, and the 
performance of the RBF and LSTM models are better, the MSE 
and R2 of the RBF model are 17.94 and 0.802, respectively, and 
the MSE and R2 of the LSTM model are 45.8 and 0.826, re-
spectively. The BES-ELM model proposed in this paper has the 
best prediction performance among the eight models, with MSE 
and R2 of 4.09 and 0.941, respectively. The algorithm proposed 
in this paper exhibits better model performance and prediction 
results.

In addition, there is no clear correlation between the MSE 
and R2 of the model, i.e., a smaller MSE does not imply a higher 
R2. Therefore, the MSE is not an optimal solution to measure 
model performance, illustrating that the performance of the 
model cannot be proven based on the MSE alone.

V. Conclusion

In this paper, a prediction model of soil electrical conduc-
tivity based on ELM optimized by the bald eagle search algo-
rithm is proposed. Using a soil information collection system 
with a wireless sensor network, we can collect soil temperature, 
moisture content, conductivity, PH value, and water potential 
data in real-time and transmit the data to a remote server using 
wireless sensor network technology, to construct a soil electri-
cal conductivity prediction model and use the ELM and BES-
ELM models were used for prediction. Our work is summarized 
as follows.

•	 Soil electrical conductivity data acquisition. Parameters 
such as soil temperature, moisture content, conductivity, 
pH, and water potential were collected in real-time using 
a sensor circuit, and the data were transmitted to a re-
mote server via a wireless sensing network. A real-time 
soil information collection system for tea plantations 
was constructed.

•	 The correlation of the parameters in the soil electrical 
conductivity prediction model was determined. The 
correlation of each parameter was analyzed by using 
EDA and HeatMap heat map, and the correlation of soil 
electrical conductivity was determined, with the highest 
correlation with soil moisture content and soil water po-
tential, followed by soil temperature and PH value.

•	 A soil electrical conductivity prediction model based on 
the bald eagle search algorithm to optimize ELM was 
constructed. The principles of ELM and BES algorithm 
are described, and the input weights and bias values 
of the ELM network are optimized using the BES al-
gorithm, which effectively improves the performance 
of the network. And the optimized BES-ELM network 
cloud was used to construct a soil electrical conductivity 
prediction model. Soil water potential, and soil moisture 
content were used as input values and soil electrical con-
ductivity was used as output value to achieve soil elec-
trical conductivity prediction. Soil temperature and pH 
have a slightly smaller effect on soil electrical conduc-
tivity; they can also be used as inputs to the prediction 
model to increase the accuracy of the model prediction.

•	 Comparation with existing algorithms is also the re-
search task of this paper. Monitoring data from tea plan-
tations in Liucheng County were used as the original 
experimental sample data to train and predict the BES-
ELM soil conductivity prediction model, and the per-
formance was compared with BP, RBF, GRNN, SVM, 
LSTM, PSO-ELM and GA-ELM prediction models. 
The experimental results show that the BES-ELM mod-
el has relative advantages related to other models. Using 
the method proposed in this paper can provide certain 
guidance for irrigation and fertilization in tea planta-
tions, and can also predict the soil conductivity in the 
future period based on the BES-ELM prediction model, 
combining the meteorological data and current soil in-
formation of tea plantations in the future period, to grasp 
its change trend in time and facilitate tea garden manag-
ers to prepare for fertilization and irrigation in advance, 
which can help realize scientific and fine irrigation and 
fertilization management of tea plantations and bring 
better management benefits.

Some issues in the paper also need to be further discussed. 
Refinement of the soil electrical conductivity model is needed. 
Since soil electrical conductivity is more influenced by other 
factors in the environment, further in-depth research is needed 
to study the relationship between soil moisture content rated to 
get better results.
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Abstract—This paper analyzes the single event transient (SET) 
response of low noise amplifier (LNA) designed using SiGe het
erojunction bipolar transistors (HBT). To verify the radiation 
tolerance of the proposed LNA, a total of four cascode configu
rations were designed. Comprehensive mixedmode simulations 
were performed to evaluate the SET susceptibility of considered 
LNA cascode configurations, and we have analyzed how the strike 
parameters affect their output response. In this fact the strike po
sition, linear energy transfer (LET), and track radius, were var
ied, and the resulting transients were compared for the different 
LNA configurations. Through this study, the potential capability 
of the inverse mode SiGe heterojunction bipolar transistor (HBT) 
in LNA radiation tolerance was confirmed for various strike op
erating conditions. It has been demonstrated that the single event 
sensitivity was reduced for LNA employing inverse mode SiGe 
HBT for strike device. The strike influence on the different LNA 
configurations response depends on strike LET, where a reduced 
SET variation is observed for high LET.

Index Terms—Single event transient (SET), low noise ampli
fier (LNA), mixed-mode simulation, radiation, SiGe HBT inverse 
mode.
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I. Introduction

THE operation of electronics in extreme environments im-
poses severe constraints on the comportment of the cir-

cuitry, they should be robust to ionizing radiation. As a candi-
date for extreme environment electronics applications, Silicon 
Germanium heterojunction bipolar transistor (SiGe) (HBT) 
continues to receive significant interest as a typical device for 
operation in radiation rich conditions [1]–[2]. This component 
is particularly well suited, not only for its competitive high-fre-
quency capability but also due to its tolerance to radiation 
induced degradations [3]. SiGe HBTs are resistant to various 
types of ionizing radiation effects, including both total ionizing 
dose (TID) radiation and displacement damage (DD) [4]–[5]. 
Despite these advantages, SiGe HBTs are known to be sensitive 

to single event effects (SEE), which can produce a temporary 
voltage or current disturbance at the device level, resulting in 
false data at the output of the circuit implemented using this 
device [6]–[7]. 

Recently inverse mode SiGe heterojunction bipolar transis-
tors (HBTs) have been proposed as a viable technique to mit-
igating radiation induced single event transient (SET) in ana-
log RF applications [8]. In the inverse mode operating regime, 
the emitter and collector terminals of the HBT transistor are 
electrically swapped. This approach provides higher isolation 
between the electrical collector terminal and the sub-collector 
substrate junction, thus fewer electron-hole pairs generated 
during the ion strike influence the device output [9]. As a re-
sult, the SET sensitivity was reduced compared with SiGe HBT 
forward mode [10]. With these benefits to reduce SET sensitiv-
ity, inverse mode SiGe HBT was utilized to design various RF 
circuits [11]. 

Low noise amplifier (LNA) is one of the key blocks in RF 
systems, it represents the first stage in RF receivers, thereby 
any perturbations on the output can become amplified by suc-
ceeding gain stages. When it comes to using LNA in a radiation 
environment, reducing the SET sensitivity is of the utmost con-
cern. The design of low noise amplifiers (LNAs) using inverse 
mode SiGe HBTs has been demonstrated to reduce significant-
ly SET sensitivity compared with conventional forward mode 
[12]–[13]. However, despite their promising SET mitigation 
capability, inverse mode SiGe HBTs are not suitable to be uti-
lized as active gain stages for LNA due to severe performance 
degradation associated with using them. Thus, inverse mode 
SiGe HBT is essentially utilized for non-vital transistors such 
as passive circuits, or buffer stages [14].

The present work focuses on modeling single event physical 
phenomena in LNA amplifiers. The SET response of the RF 
circuit was investigated via mixed-mode ion strike simulation. 
To study the SET robustness of LNA, different cascode config-
urations designed using SiGe HBTs are evaluated. We investi-
gate the use of inverse mode SiGe HBT to approve the single 
event transient sensitivity of cascode core LNA. In this fact the 
strike parameters (LET, radius, and position) were varied, and 
the resulting transient was studied for considered topologies. 
The results indicate that the topologies using inverse mode for 
strike device are less sensitive to SET compared to topologies 
employing forward mode. 
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II. Simulation Methodology    

A. Simulation approach of single event effect (SEE)

To study the SET mitigation capabilities of SiGe LNA, a 
calibrated mixed-mode TCAD model was developed using Sil-
vaco TCAD simulation environment. The physical behavior of 
studied LNA with respect to SET was obtained by mixed-mode 
heavy ion strike simulation. The simulation method proposes to 
utilize a combination of device and circuit simulation to com-
bine external effects and transient mechanisms occurring in the 
device. This method provides a more accurate representation 
of circuit response under ion strike by considering the dynam-
ics of the generated electron-hole at the device level [15]–[16]. 
For LNA SiGe simulation the circuit Netlist is built using a 2D 
TCAD model of the considered SiGe HBT device, where all 
devices in the amplifier were replaced with their TCAD model. 
The ion strike simulation was performed on the amplifiers by 
striking heavy ions in a particular device, and the resulting tran-
sient response at the output of the amplifier was then extracted. 

The simulation tool presents several radiation models, the 
commonly used model to perform SET simulations is the heavy-
ion model [17]. When a heavy-ion passes through a semicon-
ductor device, it deposits energy in the form of ionized charge 
(electron-hole pairs) along its trajectory, forming a dense track 
of mobile charge pairs. The collection of these electron-hole 
pairs could generate a large current pulse which gives rise to 
single event effects (SEEs) [18]. Fig.1 shows a simple model 
for the heavy-ion penetration process.

Fig. 1. Heavy ion penetration processes in the semiconductor material

The generation rate caused by the pass of the heavy ion 
through the device follows the equation:

( ) ( ) ( ) ( ),  ,  G l r t S density L l R r T t=    (1)

The electron-hole pairs generated in a semiconductor de-
vice are a function of the radial distance r from the center of 
the track, the distance l along the track, and the time t. In this 
function, density present the number of generated electron-hole 
pairs per unit volume cm-3, and S is a scaling factor given by 
the function:     
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Where RADIUS presents the track diameter. 

L(l), R(r), and T(t) describe the spatial and temporal varia-
tions of the generation rate. The factor L(l) defines the variation 
of charge or carrier generation along the path of the SEE track. 
The radial distribution R(r) is defined as a Gaussian function:
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The time dependency of the charge generation T(t) is de-
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Where t0 specifies the time of the peak in the charge generation 
pulse, tC specifies the width of the charge generation pulse and 
erfc is the Gauss error function complement.

B. Low noise amplifier structure 

Fig. 2 depicts the circuit diagram of the cascode LNA to-
pology used in this study. Cascode configuration is the main 
structure in usual LNA topologies. This configuration consists 
of two cascaded SiGe HBTs, denoted by common base (CB) 
and common emitter (CE) devices. In cascode configuration 
the input current applied to the base terminal of the common 
emitter (CE) transistor is amplified at the collector terminal and 
translate to the common base (CB) transistor. At the common 
base (CB) transistor, the amplified collector current enters the 
emitter and exits the collector with unity gain. The common 
base (CB) device with a near-unity gain acts principally as a 
current buffer. Considering the fact that the CE device stage de-
termines the overall gain and noise figure of the cascode LNA, 
the transconductance (gm) of this stage should be large for a 
high gain amplifier perspec tive  [19]– [20].

Fig. 2. Schematic of the proposed SiGe HBT cascode low noise amplifier
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Conventionally, for the best LNA amplifier performances, 
a cascode configuration with two forward mode applied for 
the CB (Q1) and CE (Q2) transistors is used.  However, due 
to the lower single event transient (SET) sensitivity of SiGe 
HBT inverse mode compared to SiGe HBT forward mode, dif-
ferent cascode configurations employing an inverse mode are 
proposed. In these configurations, the inverse mode SiGe HBT 
can be applied for CB or CE SiGe HBT transistor stages [21]. 
Generally, there are four possible combinations for the use of 
forward mode or inverse mode SiGe HBTs in cascode configu-
rations as shown in fig. 3. 

Fig. 3. Cascode configurations: (a) Forward-Forward (F-F), (b) Inverse-For-
ward (I-F), (c) Forward-Inverse (F-I) and (d) Inverse-Inverse (I-I). 

The simulated S21 gain as a function of frequency for studies 
LNA configurations were presented in Fig. 4. The result shows 
that the F-F cascode LNA amplifier has the highest peak S21gain 
of about 36 dB. For I-F cascode LNA, the peak gain S21 is about 
30 dB which is close to the conventional F-I cascode LNA. We 
can observe that the F-I cascode has minimal degradation in S21 
gain compared to the I-F cascode case (~1 dB). Compared to 
different cascode configurations the I-I cascode LNA has the 
degraded peak gain (S21) of 23 dB, which is about 13dB lower 
than the F-F cascode LNA. 

According to the results it should be noted that, when the CE 
device is in inverse mode operation (F-I and I-I cascode cores), 
the S21 gain was minimal since the reduced transconductance 
(gm) of the inverse mode operation will lower the power gain 
of the cascode LNA. In cascode configurations, the transcon-
ductance (gm) of the CE transistor determines the overall LNA 
gain and noise figure. To obtain high LNA performances, the 
transconductance (gm) of the CE stage must be large [22].  

III. SET Simulation Results and Discussion  

A. LNA SET response 

The SET ion strike simulation results under DC conditions 
for four different LNA cascode configurations (F-F, F-I, I-F, and 
I-I) are shown in Fig. 5. The transient simulation under a heavy-
ion strike was performed across CB (Q1) and CE (Q2) LNA 
devices with a linear energy transfer (LET) of 10 MeV-cm2/mg. 
To maximize electron-hole pair generation, the ion-strike direc-
tion was selected perpendicular to the base-emitter (BE) and 
base-collector (BC) junctions of the strike device since this part 
presents the most sensitive region of bipolar transistors with a 
vertical configuration [23].

For the CB strike condition with a linear energy transfer 
(LET) of 10 MeV-cm2/mg, both the I-F and I-I exhibit a re-
duced peak transient compared to the F-F and F-I cascode 
structures. The I-F and I-I configurations have respectively 
86% and 88% smaller peaks compared to the F-F core. With 
regard to the duration, we can observe that when the CB tran-
sistor was struck the transient durations for I-F and I-I cascode 
cores were shorter respectively by about 0.11ns and 0.18ns 
compared to the duration observed for F-F cascode configura-
tion. For the CE strike case with the same ion-strike LET, the 
F-F cascode LNA shows the largest current swing, with a col-
lector current peak of about 4.32mA. The I-I and F-I cascode 
configurations exhibit the smallest transient peak magnitudes 
due to the use of SiGe HBT inverse mode for the strike device. 
We can observe for the CE strike, that the I-I and F-I cascode 
LNAs exhibited respectively about 84% and 80% reduction in 
transient peaks compared to the F-F cascode LNA. Concern-
ing the SET duration, we can also observe a slight decrease in 
the transient duration for the I-I and F-I cascode when the CE 
(Q2) was struck. The SET transient durations were respective-
ly 2.49ns and 2.54ns for the F-I and I-I cascode, which were 
shorter than those observed for the F-F cascode with 2.66ns. 
It should be noted that for both devices strike, the CB (Q1) 
transistor strike shows reduced transient amplitudes compared 
to the CE (Q2). The CB (Q1) strike produces lower transient 
peaks for both the F-F, F-I, I-F, and the I-I cascode cores. We 
can explain the reduction in SET sensitivity for CB device 
strike by considering the amplifier topology. In cascode topol-
ogy, the CE device presents a significantly high impedance at 
the emitter terminal of the CB transistor which helps to reject 
the charge carriers coming from this device. Consequently, 
the majority of the carriers cannot drift from this terminal and 
are left to recombine within the device, resulting in reduced 

Fig. 4. S21 gain as a function of the frequency for F-F, F-I, I-F and I-I cascode 
LNAs 
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output transient [20]. This can also explain the fact that when 
the CB transistor is struck the operating mode of the CE de-
vice has a low effect on the SET response of the CB device 
strike condition. We can see from fig. 5 that both the F-F and 
the F-I cascode structures exhibited almost a similar transient 
amplitude, whereas the I-I and I-F cascode structures had the 
smallest transient peak. On the other hand, we can observe that 
when the CE device is struck the operating mode of the CB 
device affect the SET response of LNA. In the CE strike case, 
most of the excess ionized charges generated in the CE device 
are trained to the electrical emitter of the CB device. When 
the CB device is in forward mode, the majority of the injected 
carriers can travel from the emitter to the collector, resulting 
in higher output peaks. However, when the CB device is in 
inverse mode, some of the injected carriers drift through the 
Collector-Substrate (CS) junction, which reduces the output 
collector transient peak.

(a)

(b)

Fig. 5. Output transient current for (a) CB strike, (b) CE strike
 

Based on these results we can say that the inverse mode 
SiGe HBT can generally reduce the impact of SET. However, 

the use of the inverse mode as an active gain stage for a CE 
transistor is not the best choice since the transconductance (gm) 
of the CE stage determines the LNA performances like gain and 
noise figure. On the other hand, since the CB stage is used as the 
unity current gain stage, employing an inverse mode SiGe HBT 
for this stage can be a better option for SET mitigation [21]. In 
this case, the performance degradation associated with the use 
of the inverse mode is minimal. 

B. Impact of Strike Location on LNA SET response

Previous simulation results have been obtained for an ion 
strike at the emitter center, although SET in SiGe HBT is close-
ly related to the strike position. In this study, we will investigate 
how strike positions along the x-axis affect the SET response 
of the different LNA cascode configurations. According to the 
geometry structure of the device, nine typical strike positions 
are selected. From fig. 6 we can see that for positions 1 and 
2 the strike pass through both the BE, BC, and CS junctions, 
for positions 3 and 4 the heavy-ion only passes through the CS 
junction. Positions 5 to 9 however, are fully contained outside 
the CS junction. The device is axially symmetrical, therefore 
we only simulated the vertical irradiation on the right side of 
the device.

Fig. 6. Cross-sectional view of SiGe HBT device structure and ion strike 
locations

Fig. 7 (a) and (b), show the SET response of different LNA 
cascode topologies obtained for different strike locations in CB 
and CE devices. In all cases, the linear energy transfer (LET) 
has been fixed to 10 MeV-cm2/mg. The interest of the inverse 
mode to mitigate SET is confirmed for all strike positions, the 
I-I cascode LNA shows the reduced transient amplitude for 
both CB and CE strike cases. Based on the simulation results 
of different LNAs cases configurations the worst-case transient 
peak has been shown to occur for an emitter-centered strike for 
both CB and CE transistors. We can observe that the transient 
peak amplitudes for CB and CE transistors are maximum at 
the center of devices and decrease as the strike position moves 
away from the emitter. The most vulnerable location to strike 
was observed at the center of devices when the strike occurs 
inside the CS junction.
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(a)

(b)

Fig. 7.  The SET peak-to-peak amplitude as a function of the strike position for 
(a) CB strike, (b) CE strike.

C. Impact of strike linear energy transfer on  
     LNA SET response

The linear energy transfer (LET) of the incident ion plays 
an important role in determining the SET response of the LNA. 
This energy fixes the density of excess ionized carriers gener-
ated along the particle path. To explore the effect of heavy-ion 
linear energy transfer (LET) on the produced SETs of CB and 
CE devices, the LET was swept from 1 to 100 MeV-cm2/mg. 
For this simulation, the track radius characteristic was defined 
to be 0.05µm, and the width characteristic to be 20ps. Fig. 8 
shows the peak-to-peak amplitude of simulated transients as 
a function of linear energy transfer (LET) for different LNA 
cascode configurations (F-F, F-I, I-F, and I-I) obtained when 
CB and CE devices are striked. The results confirm the interest 
of the inverse mode in reducing the SET transient current of 
LNA. The results indicate that the structures employing inverse 
mode for strike device are less vulnerable to the SET across all 

simulated LETs. As seen the transient peak-to-peak amplitudes 
produced when the strike device is in inverse mode are signifi-
cantly lower than those produced when the strike device is in 
forward mode.

Concerning the LET influence, the output SET exhibits a 
close relationship with linear energy transfer (LET) for all con-
sidered LNA topologies. As seen in both CB and CE strike cas-
es, the SET amplitudes increase monotonically with increasing 
LET. However, the rate of increase is not quite linear, the SET 
amplitude shows saturate trend for high LET, as the device and 
circuit non-linearities start to limit the LNA response. Indeed, 
increasing linear energy transfer (LET) will increase the den-
sity of excess ionized charge generated in the strike device and 
will increase the collected charge as well. However, when the 
linear energy transfer (LET) continues to increase the number 
of carriers that can be ionized grows slightly and the collected 
charges are difficult to increase sufficiently. Therefore, the up-
trend of SET amplitude is gentle and end to saturate for high 
LET. Comparing the SET response for different cascode config-

(a)

(b)

Fig. 8. The SET peak-to-peak amplitude versus the LET value for (a) CB strike, 
(b) CE strike.
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urations, we can see that the SET amplitude saturation was more 
evident when the strike device is in forward mode. The reason 
is that the inverse mode provides greater isolation between the 
collector terminal and the sub-collector substrate diffusion cur-
rent. Therefore, the majority of the generated carriers within the 
strike device cannot easily flow to the LNA output. This allows 
reaching the SET amplitude saturation for higher LET.

The SET reduction of the different topologies employing in-
verse mode compared to the conventionally F-F cascode LNA 
for different LET is computed and presented in fig. 9. The SET 
amplitude reduction for the different topologies is more import-
ant for low values of LET. We can observe that the I-I cascode 
LNA exhibits for CB and CE strike respectively about 93% and 
85% reduction in transient amplitudes compared to the F-F cas-
code LNA for LET of 1 MeV-cm2/mg. However, 56% and 79% 
peak reduction is observed for LET of 100 MeV-cm2/mg.

(a)

(b)

Fig. 9. The SET amplitude reduction of I-F, F-I and I-I cascode LNAs compared 
to F-F cascode LNA for different LET (a) CB strike, (b) CE strike.

D. Impact of track radius on LNA SET response

Fig. 10 shows the changes in the SET response of different 
LNA cascode topologies (F-F, F-I, I-F, and I-I) across multiple 

track radius, obtained when CB and CE devices are striked. The 
simulation results were performed for a given LET of 10 MeV-
cm2∕mg and various ion track diameters of 0.01 µm to 0.1 µm. 
For all considered cascode configurations the SET amplitude 
variation, shown in fig. 10 is found to decrease with increasing 
track diameter. These results are expected, since the relation-
ship between the amount of generated charge and the track radi-
us is inverse quadratic, as shown in (1). Even though, the strike 
with the smaller track radius generates higher charge density, 
which in turn pushes the CS junction of the strike device deeper 
into the substrate. As the junction extends, the collected charge 
increases and the SET amplitude will be higher. 

(a)

(b)

Fig.10.  The SET peak-to-peak amplitude versus the track radius for (a) CB 
strike, (b) CE strike.

Fig. 11 shows the SET amplitude reduction versus track 
radius observed for three strike LETs of 1 MeV-cm2∕mg, 10 
MeV-cm2∕mg, and 50 MeV-cm2∕mg obtained for different cas-
code structures. The TCAD simulation results indicate that the 
impact of the track radius is most evident at low LET. We can 
observe that the variation of the SET amplitude with increasing 
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diameter is more pronounced at low LETs. However, with in-
creasing LET the effect of the track diameter on SET response 
becomes much weaker. For the CB strike case, the F-F and I-I 
cascode LNA exhibited about 75% and 95% reduction in tran-
sient amplitude for LET of 1 MeV-cm2∕mg. However, for LET 
of 50 MeV-cm2∕mg the SET amplitude reduction is about 42% 
for F-F cascode LNA and 82% for I-I cascode LNA. For the 
CE strike case, the F-F and I-I cascode LNAs exhibited respec-
tively 80% and 76% reduction in transient peak amplitude for 
LET of 1 MeV-cm2/mg. However, with increasing LET the SET 
reduction becomes much weaker. For LET of 50 MeV-cm2∕mg, 
less than 41% change in transient peak amplitude is observed 
for F-F cascode LNA and 48% for I-I cascode LNA. 

IV. Conclusion

In this paper, the SET behavior of LNA amplifiers imple-
mented in SiGe HBT is investigated. To verify the potential of 
SiGe HBT for reducing SET sensitivities in the proposed LNA, 
four different cascode configurations were considered. The re-
sults show that the use of inverse mode SiGe HBT for strike de-
vice can effectively improve the SET tolerance of studied LNA. 
The LNA cascode configuration employing inverse mode for 
strike device shows the reduced susceptibility to single event 
transients, which is verified and analyzed for various strike op-
erating conditions. In this fact, the resulting transient responses 
confirm a significant reduction in the output current peak mag-
nitudes when strike position occurs outside CS junction. With 
regard to strike LET the results show that the strike impact on 
LNA SET responses decreases for high LET.

References

[1] J. D. Cressler, “On the potential of SiGe HBTs for extreme environment 
electronics,” Proceedings of the IEEE, vol. 93, no. 9, pp. 1559-1582, Sep. 
2005.

[2] A. S. Cardoso, A. P. Omprakash, P. S. Chakraborty, N. Karaulac, D. M. 
Fleischhauer, A. Ildefonso, S. Zeinolabedinzadeh, M. A. Oakley, T. G. 
Bantu, N. E. Lourenco, and J. D. Cressler, “On the cryogenic RF linearity 
of SiGe HBTs in a fourth-generation 90-nm SiGe BiCMOS technology,” 
IEEE Transactions on Electron Devices, vol. 62, no. 4. pp. 1127-1135, 
Apr. 2015.

[3]  J. D. Cressler, “Radiation effects in SiGe technology,” IEEE transactions 
on Nuclear Science, vol.60, no. 3, pp.1992–2014, 2013.

[4]  F. Inanlou, N. E. Lourenco, Z. E. Fleetwood, I. Song, D. C. Howard, A. 
Cardoso, S. Zeinolabedinzadeh, E. Zhang, C. X. Zhang, P. Paki-Amouzou, 
J. D. Cressler, “Impact of total ionizing dose on a 4th generation, 90 nm 
SiGe HBT Gaussian pulse generator,” IEEE transactions on Nuclear 
Science, vol. 61, no, 6, pp. 3050–3054, 2014.

[5]  A. S. Cardoso, P. S. Chakraborty, N. Karaulac, D. M. Fleischhauer, N. E. 
Lourenco, Z. E. Fleetwood, A. P. Omprakash, T. D. England, S. Jung, L. 
Najafizadeh, N. J. H. Roche, A. Khachatrian, J. H. Warner, D. McMorrow, 
S. P. Buchner, E. X. Zhang, C. X. Zhang, M. W. McCurdy, R. A. Reed, 
D. M. Fleetwood, P. Paki-Amouzou, and J. D. Cressler, “Single-event 
transient and total dose response of precision voltage reference circuits 
designed in a 90-nm SiGe BiCMOS technology,” IEEE transactions on 
Nuclear Science, vol. 61, no. 6, pp. 3210–3217, Dec. 2014.

[6] S. Jung, N. E. Lourenco, I. Song, M. A. Oakley, T. D. England, R. Arora, 
A. S. Cardoso, N. J. H. Roche, A. Khachatrian, D. McMorrow, S. P. 
Buchner, J. S. Melinger, J. H. Warner, P. Paki-Amouzou, J. A. Babcock, 
and J. D. Cressler, “An investigation of single-event transients in C-SiGe 
HBT on SOI current mirror circuits,” IEEE transactions on Nuclear 

(a)

(b)
Fig. 11.  The SET peak-to-peak amplitude versus the track radius obtained for 
strike LET of 1 MeV-cm2∕mg, 10 MeV-cm2∕mg, and 50 MeV-cm2∕mg for (a) CB 
strike, (b) CE strike.



ELECTRONICS, VOL. 25, NO. 2, DECEMBER 202164

Science, vol. 61, no. 6, pp. 3193–3200, Dec. 2014.
[7] N. E. Lourenco, S. D. Phillips, T. D. England, A. S. Cardoso, Z. E. 

Fleetwood, K. A. Moen, D. McMorrow, J. H. Warner, S. P. Buchner, P. 
Paki-Amouzou, J. Pekarik, D. Harame, A. Raman, M. Turowski, and J. 
D. Cressler, “An Investigation of Single-Event Effects and Potential SEU 
Mitigation Strategies in Fourth-Generation 90 nm SiGe BiCMOS,” IEEE 
transactions on Nuclear Science, vol. 60, no. 6, pp. 4175–4183, Dec. 
2013.

[8] A. Appaswamy, S. Phillips, J. D. Cressler, “Inverse-mode SiGe HBTs 
for immunity to heavy-ion-induced single-event upset,” IEEE Electron 
Device Letters, vol. 30, no. 5, pp. 511–513, 2009.

[9]  S. D. Phillips, T. Thrivikraman, A. Appaswamy, A. K. Sutton, J. D. 
Cressler, G. Vizkelethy, P. Dodd, and R. A. Reed, “A novel device 
architecture for SEU mitigation: The inverse-mode cascode SiGe HBT,” 
IEEE transactions on Nuclear Science, vol. 56, no. 6, pp. 3393–3401, 
Dec. 2009.

[10] S. D. Phillips, K. A. Moen, N. E. Lourenco, and J. D. Cressler, “Single- 
Event Response of the SiGe HBT Operating in Inverse-Mode,” IEEE 
transactions on Nuclear Science, vol. 59, no. 6, pp. 2682–2690, Dec 
2012.

[11]  I. Song, M.  K. Cho, M.A. Oakley, A. Ildefonso, I. Ju, S. P. Buchner, D. 
McMorrow, P. Paki, J. D. Cressler, “On the application of inverse-mode 
SiGe HBTs in RF receivers for the mitigation of single-event transients,” 
IEEE transactions on Nuclear Science, vol. 64, no. 5, pp. 1142–1150, 
2017.

[12]  Z. E. Fleetwood, A. Ildefonso, G. N. Tzintzarov, B. Wier, U. Raghunathan, 
M. K. Cho, I. Song, M.T. Wachter, D. Nergui, A. Khachatrian, J. H. Warner, 
P. McMarr, H. Hughes, E. Zhang, D. McMorrow, P. Paki, A. Joseph, V. 
Jain, J. D. Cressler, “SiGe HBT profiles with enhanced inverse-mode 
operation and their impact on single event transients,” IEEE transactions 
on Nuclear Science, vol.  65, no. 1, pp. 399–406, 2018.

[13] T. K. Thrivikraman, E. Wilcox, S. D. Phillips, J. D. Cressler, C. Marshall, 
G. Vizkelethy, P. Dodd, and P. Marshall, “Design of digital circuits using 
inverse-mode cascode SiGe HBTs for single event upset mitigation,” IEEE 
transactions on Nuclear Science, vol. 57, pp. 3582-3587, Dec. 2010.

[14]  I. Song, A. S. Cardoso, H. Ying, M. K. Cho, John D. Cressler, “Cryogenic 
Characterization of RF Low-Noise Amplifiers Utilizing Inverse-Mode 
SiGe HBTs for Extreme Environment Applications”, IEEE Transactions 
on Device and Materials Reliability, vol. 18, no 4, pp. 613-619, 2018.

[15]  S. Mateos-Angulo, M. San-Miguel-Montesdeoca, D. Mayor-Duarte, S. L. 
Khemchandani, and J. del Pino, “SET Analysis and Radiation Hardening 
Techniques for CMOS LNA Topologies,” Semiconductor Science and 
Technology, vol. 33, no. 8, pp. 085010, 2018.

[16]  M. Bouhouche, S. Latreche, and C. Gontrand, “Phase noise modeling 
in LC oscillators implemented in SiGe technology,” Journal of 
Semiconductors, vol. 34, no. 2, pp. 025001, 2013.

[17] Silvaco International, Atlas user’s manual device simulation software. 
[18]  J. N. Wei, C. H. He, P. Li, Y. H. Li, and H. X. Guo, “Impact of proton-

induced alteration of carrier lifetime on single-event transient in SiGe 
heterojunction bipolar transistor,” Chinese Physics B, vol. 28, no. 7, pp. 
076106, 2019.

[19] S. Zeinolabedinzadeh, H. Ying, Z. E. Fleetwood, N. J. H. Roche, A. 
Khachatrian, D. McMorrow, S. P. Buchner, J. H. Warner, P. Paki- 
Amouzou, and J. D. Cressler, “Single-Event Effects in High-Frequency 
Linear Amplifiers: Experiment and Analysis,” IEEE transactions on 
Nuclear Science, vol. 64, no. 1, pp. 125–132, Jan 2017.

[20] N. E. Lourenco, S. Zeinolabedinzadeh, A. Ildefonso, Z. E. Fleetwood, C. 
T. Coen, I. Song, S. Jung, F. Inanlou, N. J. H. Roche, A. Khachatrian, D. 
McMorrow, S. P. Buchner, J. H. Warner, P. Paki, and J. D. Cressler, “An 
Investigation of Single-Event Effect Modeling Techniques for a SiGe RF 
Low-Noise Amplifier,” IEEE transactions on Nuclear Science, vol. 63, 
no. 1, pp. 273–280, Feb 2016.

[21]  I. Song, S. Jung, N. E. Lourenco, U. S. Raghunathan, Z. E. Fleetwood, 
S. Zeinolabedinzadeh, T. B. Gebremariam, F. Inanlou, N. J. H. Roche, A. 
Khachatrian, D. McMorrow, S. P. Buchner, J. S. Melinger, J. H. Warner, 
P. Paki-Amouzou, and J. D. Cressler, “Design of Radiation- Hardened 
RF Low-Noise Amplifiers Using Inverse-Mode SiGe HBTs,” IEEE 
transactions on Nuclear Science, vol. 61, no. 6, pp. 3218–3225, Dec 
2014.

[22] I. Song, M. K. Cho, N. E. Lourenco, Z. E. Fleetwood, S. Jung, N. J. H. 
Roche, A. Khachatrian, S. P. Buchner, D. McMorrow, P. Paki, and J. D. 
Cressler, “The Use of Inverse-Mode SiGe HBTs as Active Gain Stages 
in Low-Noise Amplifiers for the Mitigation of Single-Event Transients,” 
IEEE transactions on Nuclear Science, vol. 64, no. 1, pp. 359-366, 2016.

[23] A. Ildefonso, N. E. Lourenco, Z. E. Fleetwood, M.T. Wachter, G. N. 
Tzintzarov, A. S. Cardoso, et al. “Single-event transient response of 
comparator pre-amplifier in a complementary SiGe technology,” IEEE 
transactions on Nuclear Science, vol.64, no.1, pp. 89-96, 2017.



65ELECTRONICS, VOL. 25, NO. 2, DECEMBER 2021

Abstract—This research article explores the possible applica
tions of voltage differencing current conveyor (VDCC), as a current 
mode universal filter and a sinusoidal oscillator. Without the need 
for an additional active/passive element, a very simple hardware 
modification makes it a dual-mode quadrature oscillator from the 
filter configuration. Both the proposed circuit requires only two 
VDCC and all grounded passive elements, hence a preferable 
choice for integration. The filter has some desirable features such 
as availability of all five explicit outputs, independent tunability of 
filter parameters. Availability of explicit quadrature current out
puts, independence in start and frequency of oscillations, makes it 
a better oscillator design. Apart from prevalent CMOS simulation 
results, VDCC is also realized and experimentally tested using the 
off-the-shelf integrated circuit. All the pen and paper analysis such 
as nonideal, sensitivity and parasitic analysis supports the design.

Index Terms—current-mode circuits, universal filter, single-re
sistance-controlled-oscillator, voltage differencing current convey
or, grounded capacitors.
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I. Introduction

The genesis of new active devices and their applications are 
getting enormous in numbers but still more devices are 

yet to appear in the near future. One of the recently proposed 
active device that is voltage differencing current conveyor 
(VDCC) has not been much exposed to its potential. The in-
ception of this device was proposed by Biolek et.al. in 2010 [1] 
whereas primitive CMOS version was introduced, in literature 
in 2014 [2]. Some researchers have also presented a modified 
version of this device known as Z-copy controlled gain VDCC 
[3]–[7]. The world of analogue signal processing has already 
witnessed a set of well exposed and utilized devices with their 
applications in generation of linear and non-linear waveforms, 
synthesis of active inductors, the realization of the active filter, 
sinusoidal oscillator, multiplier etc. [8]–[29].

The frequency selective filters are, on pivotal focus here, 

which passes a certain band of frequencies while blocking oth-
ers as per the requirements of the designer/application. The five 
basic responses that an active filter must produce, so it will be 
called a universal filter, are low-pass (LP), high-pass (HP), band 
elimination or band-reject (BR), band-pass (BP), and all-pass 
(AP).The application of these active filters can be commonly 
found in communication and control engineering [8]–[10]. On 
the other hand, sinusoidal oscillators are the circuits that gener-
ate undamped oscillations of the desired frequency without any 
additional power sources except bias supply. The quadrature os-
cillator produces two identical outputs with a, ideally, 900 phase 
difference between them. The application of these kinds of 
quadrature oscillators may be found in the soil measurement 
system, zero-IF and image-reject receivers etc. [11]–[13].

The comprehensive literature survey of already published 
papers on active filters as well on sinusoidal oscillators is be-
ing represented in section V. So this manuscript is a research 
attempt to design and propose one such active filter circuit that 
can have all the below mentioned properties, simultaneously.

● Availability of all five basic filter responses
● Provision of explicit current output from high imped-

ance port
● Independent tunability of filter quality factor and fre-

quency
● Tunability of its filter’s gain parameter
● Use of all grounded passive elements
● Utilization of a minimum number of active and passive 

elements
By doing the slight and simple modification in the circuit, 

the same circuit can also be utilized as a single-resistance-con-
trolled current-mode quadrature oscillator. The circuit has the 
following attributes

● Availability of explicit outputs
● Provision of quadrature current outputs from high im-

pedance port
● Simple condition of oscillation (CO) and frequency of 

oscillation (FO)
● Independence of condition and frequency of oscillation
● Utilization of only grounded passive elements
This research manuscript is divided into different segments. 

Starting from the introduction given in section I, followed by 
the proposed circuit in section II. Section III shows the non-ide-
al and sensitivity calculations of the derived circuits i.e. active 
filter as well as sinusoidal oscillator. Description of the device 
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parasitics on the proposed circuits are given in section IV. Com-
parison is given before computer generated results in section V. 
Section VI shows the simulations results to validate theoretical 
ideas, followed by the experimental justification of the derived 
circuits given in section VII. At last manuscript is consum-
mate with conclusion before references.

II. Proposed Circuit

The VDCC is an active element that has the properties of 
operational trans-conductance amplifier (OTA) as well as sec-
ond generation current conveyor (CCII). The electrical con-
nection between the two makes the device very useful but put 
some restriction to the design also, sometimes. The circuit dia-
gram and its CMOS version of VDCC are shown in Fig. 1 and  
Fig. 2, respectively. The algebraic equation between various 
current and voltage terminals of the active element is represent-
ed by (1). Here a,	b and g are non-ideal port transfer ratios. The 
ideal values of these non-ideal factors are unity.

 

(1)

The proposed circuit of a universal active filter, which 
comprises of only grounded passive components and two ac-
tive elements, is shown in Fig. 3. The use of only grounded 
passive elements is very advantageous for the integration/fab-
rication point of view. It is evident from Fig. 3 that the circuit 
has all the essential (five) explicit currents terminals namely 
(starting clockwise) LP, BP, HP, BR, and AP. All the currents 
have been taken from the high impedance port of the active el-
ement. By using simple circuit theory fundamentals and taken 
device characteristic equation i.e., (1) into account, the follow-
ing equations emerge as the outcome of the circuit, represent-

ed by (2) to (6). The common denominator polynomial, centre 
frequency, and quality factor are given at (7) & (8). The gain 
factors obtained from the current mode LP, HP & BP filters are 
represented by (9). 

Fig. 1. Symbolic diagram of VDCC [2]
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Fig. 2. CMOS realization of the voltage differencing current conveyor [38] 
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By doing the minute changes in the proposed filter circuit, a 
current-mode quadrature sinusoidal oscillator has been 
composed, as picturized in Fig. 4. The circuit, so derived, has 
two explicit current outputs, i.e. Io1 and Io2 are in 900 phase to 
each other, ideally. The characteristic equation of the designed 
oscillator is represented by (10). Equation (11) and (12), 
respectively, show the oscillation condition and operating 
frequency. The cumulative impact of both the equations shows 
that the condition of oscillation (CO) and frequency of 
oscillation (FO) can be independently tuned without altering 
each other.  
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III. NON-IDEAL AND SENSITIVITY ANALYSIS 
This section is broadly divided into two sub-categories. At 

the outset, both the circuits have been derived again by 
considering the non-ideal impact of the active device and later 
the sensitivity of the passive elements are taken into account 
to do the complete analysis.  

A. Impact of non-idealities on the proposed circuits 
The first proposed circuit, universal current-mode universal 

filter, is when exposed to the non-idealities of the active 
device, re-considering the native (1) and simple circuit theory 
fundamentals,  some refined mathematical transfer functions 
emerge as provided in (13) to (17). Whereas the non-ideal 
common   denominator polynomial '{ ( )}D s   is presented at 

(18) and the non-ideal center frequency '
0( ) and quality 

factor '
0( )Q are depicted by (19). While considering the non-

ideal behavior, the gain calculations are also shown in (20). 
All the below mentioned equations justify the design idea and 
also validate its' minimal deviation from ideal/theoretical 
values. The inspection of deviation of frequency response and 
gains are dealt with in detail in section 6.  
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Fig. 2. CMOS realization of the voltage differencing current conveyor [38] 
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  (9)

Equation (8) expose that quality factor (Q0) is linearly and 
independently tunable by changing the value of grounded pas-
sive resistor R4. By keeping the transconductance of both the 
devices equal may result the linear variation in centre frequency 
without affecting the value of the quality factor. Another option 
to get the same outcome is that by selecting the different com-
binational values of grounded resistors R3 and R5. In section VI, 
this theory is supported by the computer generated results.
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By doing the minute changes in the proposed filter circuit, 
a current-mode quadrature sinusoidal oscillator has been com-
posed, as picturized in Fig. 4. The circuit, so derived, has two 
explicit current outputs, i.e. Io1 and Io2 are in 900 phase to each 
other, ideally. The characteristic equation of the designed oscil-
lator is represented by (10). Equations (11) and (12), respective-
ly, show the oscillation condition and operating frequency. The 
cumulative impact of both the equations shows that the condi-
tion of oscillation (CO) and frequency of oscillation (FO) can 
be independently tuned without altering each other. 
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III. Non-ideal and Sensitivity Analysis

This section is broadly divided into two sub-categories. At 
the outset, both the circuits have been derived again by con-
sidering the non-ideal impact of the active device and later the 
sensitivity of the passive elements are taken into account to do 
the complete analysis. 

A. Impact of non-idealities on the proposed circuits

The first proposed circuit, universal current-mode universal 
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vic e, re-considering the native (1) and simple circuit theory 
fundamentals,  some refined mathematical transfer functions 
emerge as provided in (13) to (17). Whereas the non-ideal com-
mon   denominator polynomial {D’(s)} is presented at (18) and 
the non-ideal center frequency  and quality factor  are 
depicted by (19). While considering the non-ideal behavior, the 
gain calculations are also shown in (20). All the below men-
tioned equations justify the design idea and also validate its’ 
minimal deviation from ideal/theoretical values. The inspection 
of deviation of frequency response and gains are dealt with in 
detail in section VI. 
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Now for another derived circuit the impact of non-idealities 
has also been computed. When the tracking error calculations 
have been done on the second proposed circuit using (1) and 
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regular nodal analysis (21) to (23) emerges, to reflect the re-
sults of second order quadrature oscillator. Equation (21) shows 
the non-ideal characteristic equation of the designed oscillator 
whereas CO and FO including non-ideal impacts are shown in 
(22) and (23).

    
(21)

CO:
   

(22)

FO: 
 

(23)

It is evident from (22) that oscillation condition is still inde-
pendent from the device tracking errors. All the above defined 
equations show that there is not significant diversion of values 
with respect to ideal ones as the numerical value of non-ideal 
parameter of the device is close to unity.

B. Sensitivity Analysis of the designed circuits

The sensitivity calculations for the angular frequency (ideal 
as well as non-ideal) along with the quality factor (ideal as well 
as non-ideal) have been considered here, for all the used active 
and passive elements, stated in (24) to (27). 
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By a close inspection of all the above derived equations it 
is found that all the derived sensitivities are under permissible 
limits only.

IV. Parasitic Analysis

The block diagram of the VDCC under the impact of de-
vice parasitics is depicted in Fig. 5 [33]. This section deals with 
the effect of these parasitics on the performance of the derived 

circuits. The device parasitics include parallel resistance at the 
ports Z, WP, and WN, named as RZ, RP, and RN respectively. Sim-
ilarly, the parallel capacitors appear across WP and WN terminals 
and are known as CP and CN respectively. To give the complete 
description of Fig. 5, a series resistance RX also comes in series 
with the X port. Now, how these parasitic elements influence 
the circuit’s performance has been discussed in detail. 

 

2
2 1 2 5 5 1 2 11 2 2 1 2

1
2 2 1 2 3 1 2

' ( )

NP
N

AP

IN

g g R Rg gs s
C C C RI

I D s

  
  

    
      

       (17) 

' 2 2 5 5 1 2 12 2 1 2

2 4 2 1 2 3 1 2

( ) NPg R Rg gD s s s
C R CC R

  
  

     
        

     
  (18) 

' 1 2 1
0 0

1 2

N 
 

 
  and 

' 1 2 1
0 0

2 2 1

1 N

P

Q Q
  

  
     

 (19)  

 ' ' '1 2
0 0 5 2 2 2 0 1 4 1

1

; ; ( )P P
LP HP P BP

N

H H R g H g R 
  


 

   
 

  (20) 

Now for another derived circuit the impact of non-idealities 
has also been computed. When the tracking error calculations 
have been done on the second proposed circuit using (1) and 
regular nodal analysis (21) to (23) emerges, to reflect the 
results of second order quadrature oscillator. Equation (21) 
shows the non-ideal characteristic equation of the designed 
oscillator whereas CO and FO including non-ideal impacts are 
shown in (22) and (23). 
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It is evident from (22) that oscillation condition is still 
independent from the device tracking errors. All the above 
defined equations show that there is not significant diversion 
of values with respect to ideal ones as the numerical value of 
non-ideal parameter of the device is close to unity. 
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By a close inspection of all the above derived equations it is 
found that all the derived sensitivities are under permissible 
limits only. 
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Fig. 5. VDCC including device parasitic [33] 
 

When the VDCC block of Fig. 3 is replaced with the Fig. 5’ 
diagram, the outcome is depicted as Fig. 6. To compress the 
mathematical equations some simplifications (30) and some 
assumptions (31) are taken into consideration. By using the 
mentioned assumptions and simplifications, the following 
transfer functions of LP, HP, BP, BR and AP filters under the 
impact of device’s parasitics are shown below, marked as (32) 
to (36) respectively. The derived denominator polynomial is 
represented as (37). 
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When the VDCC block of Fig. 3 is replaced with the Fig. 
5’ diagram, the outcome is depicted as Fig. 6. To compress the 
mathematical equations some simplifications (30) and some as-
sumptions (31) are taken into consideration. By using the men-
tioned assumptions and simplifications, the following transfer 
functions of LP, HP, BP, BR and AP filters under the impact of 
device’s parasitics are shown below, marked as (32) to (36) re-
spectively. The derived denominator polynomial is represented 
as (37).
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Fig. 6. Proposed current mode filter under the impact of device parasitics 
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Fig. 7. Proposed current mode oscillator under the impact of device parasitics 

 
Another derived circuit of sinusoidal oscillator under 

parasitic influence has been presented in Fig. 7. The 
assumptions and simplifications taken earlier, (30) and (31), 
are also valid here. The second order current mode oscillator 
has the characteristic equation under the influence of device 
parasitic is shown in (38). 
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V. STATE OF ART  
At the outset of this section a tabulated comparison of the 

specifications of all available second order active filter 
circuits, derived using VDCC only, has been concluded in 
Table 1.  

However, all these published networks have one or more 
shortcomings as compared to the proposed one. 

 All passive components are not grounded [30]–
[32] 

 All five responses & explicit outputs are not 
available [33]–[37] 

 Unavailability of appropriate impedances at the 
input and output ports [30]–[32], [34], [36]–[39] 

 Unavailability of Independent tunability of quality 
factor [30], [34], [39] 

 Feature of gain tunability is not found[10], [30]–
[39] 

Table 1 clearly indicates that all the mentioned 
specifications are not simultaneously available in the existing 
VDCC based active filter networks.  

Now, the comparison of the proposed active filter with the 
existing state of art circuits has been performed and presented 
in Table 2. It clearly reveals that more number of active 
devices have been utilized in all the mentioned circuits except 
[19], [27] whereas higher number of passive elements were 
utilized in [16], [18], [29]. In [18], [24]  the employment of all 
the grounded components were not fulfilled whereas the 
independent tunability of its quality factor was missing in the 
following references [18], [19], [21]–[24], [26]. As in the case 
of universal filter, all the five essential responses must be 
generated by the circuit but this was not feasible in case of 
[17], [18], [20]–[22], [24], [27], [29]. The availability of the 
explicit output that is one of the noteworthy feature of any 
current mode filter network was not available in [21], [24], 
[26], [27] whereas the appropriate impedances that is required 
for cascading purposes was not found in [16], [18], [19], [24]–
[27], [29]. 

VI. VALIDATION THROUGH SOFTWARE SIMULATIONS 
All the computer-generated graphs have been compiled 

using Cadence PSPICE simulation software for the purpose of 
justifying the validity of the design idea. The CMOS version 
of the VDCC that has been utilized here is already given in 
Fig. 2. The 0.18 m TSMC process parameters and the aspect 
ratios of the employed transistors are taken from [10]. The 
bias voltage supply for the circuit is 0.9 V whereas the 
values of the bias currents IB1 and IB2 are taken as 50 A  and 
100 A , thus providing the transconductance gain of 277

/A V . 
At the start, the derived CM universal filter is tested and 

validated using software simulations. The center frequency of 
the active filter is taken as 1.02 MHz where are the quality 
factor is considered as unity. To attain these specified 
parameters, the chosen passive components’ values are 
C1=C2= 43pF, R3=3.6 K , R4=3.6 K , and R5= 3.6 K .The 
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Another derived circuit of sinusoidal oscillator under 

parasitic influence has been presented in Fig. 7. The 
assumptions and simplifications taken earlier, (30) and (31), 
are also valid here. The second order current mode oscillator 
has the characteristic equation under the influence of device 
parasitic is shown in (38). 
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VI. VALIDATION THROUGH SOFTWARE SIMULATIONS 
All the computer-generated graphs have been compiled 
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justifying the validity of the design idea. The CMOS version 
of the VDCC that has been utilized here is already given in 
Fig. 2. The 0.18 m TSMC process parameters and the aspect 
ratios of the employed transistors are taken from [10]. The 
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values of the bias currents IB1 and IB2 are taken as 50 A  and 
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Another derived circuit of sinusoidal oscillator under par-
asitic influence has been presented in Fig. 7. The assumptions 
and simplifications taken earlier, (30) and (31), are also valid 
here. The second order current mode oscillator has the char-
acteristic equation under the influence of device parasitic is 
shown in (38).
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V. State of the Art 

At the outset of this section a tabulated comparison of the 
specifications of all available second order active filter circuits, 
derived using VDCC only, has been concluded in Table I. 

However, all these published networks have one or more 
shortcomings as compared to the proposed one.

● All passive components are not grounded [30]–[32]
● All five responses & explicit outputs are not available 

[33]–[37]
● Unavailability of appropriate impedances at the input 

and output ports [30]–[32], [34], [36]–[39]
● Unavailability of Independent tunability of quality fac-

tor [30], [34], [39]
● Feature of gain tunability is not found[10], [30]–[39]
Table I clearly indicates that all the mentioned specifica-

tions are not simultaneously available in the existing VDCC 
based active filter networks. 

Now, the comparison of the proposed active filter with the 
existing state of art circuits has been performed and presented 
in Table II. It clearly reveals that more number of active devices 
have been utilized in all the mentioned circuits except [19], [27] 
whereas higher number of passive elements were utilized in 
[16], [18], [29]. In [18], [24]  the employment of all the ground-
ed components were not fulfilled whereas the independent tun-
ability of its quality factor was missing in the following ref-
erences [18], [19], [21]–[24], [26]. As in the case of universal 
filter, all the five essential responses must be generated by the 
circuit but this was not feasible in case of [17], [18], [20]–[22], 
[24], [27], [29]. The availability of the explicit output that is one 
of the noteworthy feature of any current mode filter network 
was not available in [21], [24], [26], [27] whereas the appropri-
ate impedances that is required for cascading purposes was not 
found in [16], [18], [19], [24]–[27], [29].

VI.  Validation Through Software Simulations

All the computer-generated graphs have been compiled us-
ing Cadence PSPICE simulation software for the purpose of 
justifying the validity of the design idea. The CMOS version of 

Table I: Tabulated Comparison Of Vdcc Based Active Filter Networks

Ref. No. Count of 
VDCC 
utilised

Total number of  
passive components 

used

Whether all pas-
sive elements 

grounded

Availability of 
all five respons-

es explicitly 

Desirable impedances 
are available at input 
and output terminals 

Independent tun-
ability of quality 

factor (Qo)

Mode Availability of 
gain tunability 

[10] 2 4 Yes Yes Yes Yes CM No
[38] 2 4 Yes Yes No Yes CM No
[33] 2 4 Yes No Yes Yes CM No
[39] 1 3 Yes Yes No No CM No
[34] 2 4 Yes No No Yes CM No
[30] 1 3 No Yes No No VM No
[35] 2 4 Yes No Yes Yes CM No
[36] 2 3 Yes No No Yes CM No
[37] 2 4 Yes No No Yes CM No
[31] 1 4 No No No Yes VM No
[32] 1 4 No Yes No Yes VM No

Proposed 
network 2 5 Yes Yes Yes Yes CM Yes
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the VDCC that has been utilized here is already given in Fig. 2. 
The 0.18	mm TSMC process parameters and the aspect ratios of 
the employed transistors are taken from [10]. The bias voltage 
supply for the circuit is ±0.9V whereas the values of the bias 
currents IB1 and IB2 are taken as 50 mA and 100 mA, thus provid-
ing the transconductance gain of 277 mA/V.

At the start, the derived CM universal filter is tested and 
validated using software simulations. The center frequency 
of the active filter is taken as 1.02 MHz where are the quality 
factor is considered as unity. To attain these specified parame-
ters, the chosen passive components’ values are C1= C2= 43 pF,  
R3= 3.6 kW, R4=3.6 kW, and R5= 3.6 kW. The frequency response 
of the designed active filter is given in Fig. 8. The derived filter 
can be independently tuned for different values of its quality 
factor, as per the mathematics described in section II. The same 
has been shown in Fig. 9. The tunability of its cen ter frequen-

cy is also tested and represented in Fig. 10, thus validating the 
design of the filter. Fig. 11 shows that the derived current-mode 
filter can have different gains provided at the constant value of 
center frequency and its quality factor. Table III supports the 
inception of last three figures mentioned in the text/section.

The fidelity of the derived universal filter may easily be seen 
by the transient response of the derived filter function. For this 
purpose a sinusoidal waveform of 1.02 MHz frequency and cur-
rent of magnitude 40 mA is given at the input of the filter and 
the same is being replicated at the output, as shown in Fig. 12. 
To justify the linearity of the network, the total harmonic dis-
tortion (THD) of the bandpass filter function for the amplitude 
variations of the input waveform up to 100 mA at the constant 
frequency of 1.02 MHz is observed and its plot is shown in Fig. 
13.  The Monte-Carlo analysis for the variations in the quality 
factor (and gain) of a BP filter, is presented in Fig. 14, which 

Fig. 8. Frequency response of the proposed current mode filter Fig. 9. Variation of quality factor for a band pass filter response 

Table II. Comparison of proposed circuit with already published literature

Ref.
No.

No. of 
active 

devices

Name of the 
active device

No. of 
passive 

elements

All passive 
elements 
grounded

Independent 
tunability 

of Q0

No. and type of re-
sponse available CM/VM MISO/

SIMO

Appropriate Im-
pedance match-
ing at input and 

output

Availability 
of explicit 

output

[16] 5 CCIII 8 Yes Yes 5& LP,BP,HP,BR,AP CM MISO No Yes
[17] 3 DO-CCII 5 Yes Yes 3 & BR,LP,BP CM MIMO Yes Yes
[18] 3 MO-CCII 7 No No 3 & BR,LP,BP CM SIMO No Yes
[19] 2 CCIII,CCII 4 Yes No 5& LP,BP,HP,BR,AP CM MISO No Yes
[20] 3 CCIII,OTA 3 Yes Yes 3 & LP, BP,HP CM SIMO Yes Yes
[21] 3 UCC 4 Yes No 3 & LP, BP,HP CM SIMO Yes No
[22] 3 CDTA 2 Yes No 4 & LP, BP,HP,BR CM SIMO Yes Yes
[23] 3 DDCC 5 Yes No 5& LP,BP,HP,BR,AP CM MISO Yes Yes

[24] 3 ECCII 4 No No 3 & LP, BP,HP CM SIMO No No

[25] 3 MO-CCCCTA 2 Yes Yes 5& LP,BP,HP,BR,AP CM SIMO No Yes
[26] 1 CFTA 2 Yes No 5& LP,BP,HP,BR,AP CM MIMO No No
[27] 2 FTFN,CFA 5 Yes Yes 3 & LP, BP,HP CM SIMO No No
[28] 5 CCCII 2 Yes Yes 5& LP,BP,HP,BR,AP CM MISO Yes Yes
[29] 5 CCIII 9 Yes Yes 3 & LP, BP,HP CM SIMO No Yes

Proposed 
circuit 2 VDCC 5 Yes Yes 5& LP,BP,HP,BR,AP CM SIMO Yes Yes

CCIII-Third generation current conveyors , CCII- second generation current conveyor , VDCC- voltage differencing current conveyor , UCC-universal current 
conveyor, OTA-operational trans-conducatnce amplifier ,    CDTA- Current differencing trans-conductance amplifier, CFTA- current feedback trans-conductance 
amplifier, DDCC- Differential difference current conveyor,  ECCII- electronically tunable second-generation current conveyor, MO-CCCCTA – multi output 
current controlled current conveyor trans-conductance amplifier, FTFN- four terminal floating nullor, CFA- current feedback amplifier, CCCII- current controlled 
second generation current conveyor
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utilises100 samples over the 10% tolerance, with a uniform de-
viation, of the grounded passive resistor R4.

Fig. 10. Variation of the centre frequency of a BP filter  

Fig. 11. Gain variation of a BP filter while keeping other parameter constant

Fig. 12. Transient response of a Band Pass Filter

Fig. 13. THD curve of a BPF at 1.02MHz

The CM universal filter can easily be converted into a sin-
gle-resistance-controlled-oscillator (SRCO), by adopting sim-
ple changes in the design, which can deliver the quadrature 
outputs in both current as well as in voltage-mode. By choosing 
the passive component values C1=C2= 47 pF, R3=3.6 kW, R4=0-
5 kW and R5= 3.6 kW, we get the oscillation frequency as 884 
KHz against the theoretical frequency of 938 KHz, thus giving 
an error of 5.8%. The trans-conductance gains of both the active 
devices remain unchanged at 277 mA/V. At the outset of the os-
cillator’s simulation results a transient response of the network 
in current mode is shown. Fig. 15 shows how the oscillations 
buildup gradually and reaches up to a stable state. To look into 
more closely, a stable state for both explicit outputs i.e. I01 and 
I02, is shown in Fig. 16. 

 

 
Fig. 11. Gain variation of a BP filter while keeping other parameter constant 
 

 

 
Fig. 12. Transient response of a Band Pass Filter 
 

 
Fig. 13. THD curve of a BPF at 1.02MHz 

 
The CM universal filter can easily be converted into a 

single-resistance-controlled-oscillator (SRCO), by adopting 
simple changes in the design, which can deliver the quadrature 
outputs in both current as well as in voltage-mode. By 
choosing the passive component values C1=C2= 47pF, R3=3.6
K , R4=0-5 K  and R5= 3.6 K , we get the oscillation 
frequency as 884KHz against the theoretical frequency of 938 

KHz, thus giving an error of 5.8%. The trans-conductance 
gains of both the active devices remain unchanged at 277

/A V . At the outset of the oscillator’s simulation results a 
transient response of the network in current mode is shown. 
Fig. 15 shows how the oscillations buildup gradually and 
reaches up to a stable state. To look into more closely, a stable 
state for both explicit outputs i.e. I01 and I02, is shown in Fig. 
16.  
 

 

 
Fig. 14. Monte-Carlo representation for a BP response over R4 variation 10% 

 

 
Fig. 15. Transient response of the SRCO in current mode  

 
It is worth noting here that the phase difference between the 

two waveforms is 88.9 degrees, which confirms its quadrature 
nature. To distinguish between the output magnitude of the 
generated waveform and its sub-harmonics, presented in the 
waveform, signal is simply converted into frequency domain 
and its representation is commonly known as Fast Fourier 
Transform (FFT). Fig. 17 shows the wide FFT spectrum, up to 
20MHz span, of the current output I01.  The validation of the 
network’s output has also been confirmed in the voltage-mode 
and its’ stable state response is shown in Fig. 18. To recognize 
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Fig. 11. Gain variation of a BP filter while keeping other parameter constant 
 

 

 
Fig. 12. Transient response of a Band Pass Filter 
 

 
Fig. 13. THD curve of a BPF at 1.02MHz 

 
The CM universal filter can easily be converted into a 

single-resistance-controlled-oscillator (SRCO), by adopting 
simple changes in the design, which can deliver the quadrature 
outputs in both current as well as in voltage-mode. By 
choosing the passive component values C1=C2= 47pF, R3=3.6
K , R4=0-5 K  and R5= 3.6 K , we get the oscillation 
frequency as 884KHz against the theoretical frequency of 938 

KHz, thus giving an error of 5.8%. The trans-conductance 
gains of both the active devices remain unchanged at 277

/A V . At the outset of the oscillator’s simulation results a 
transient response of the network in current mode is shown. 
Fig. 15 shows how the oscillations buildup gradually and 
reaches up to a stable state. To look into more closely, a stable 
state for both explicit outputs i.e. I01 and I02, is shown in Fig. 
16.  
 

 

 
Fig. 14. Monte-Carlo representation for a BP response over R4 variation 10% 

 

 
Fig. 15. Transient response of the SRCO in current mode  

 
It is worth noting here that the phase difference between the 

two waveforms is 88.9 degrees, which confirms its quadrature 
nature. To distinguish between the output magnitude of the 
generated waveform and its sub-harmonics, presented in the 
waveform, signal is simply converted into frequency domain 
and its representation is commonly known as Fast Fourier 
Transform (FFT). Fig. 17 shows the wide FFT spectrum, up to 
20MHz span, of the current output I01.  The validation of the 
network’s output has also been confirmed in the voltage-mode 
and its’ stable state response is shown in Fig. 18. To recognize 
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Fig. 14. Monte-Carlo representation for a BP response over R4 variation 10%
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Fig. 15. Transient response of the SRCO in current mode 

It is worth noting here that the phase difference between the 
two waveforms is 88.9 degrees, which confirms its quadrature 
nature. To distinguish between the output magnitude of the gen-
erated waveform and its sub-harmonics, presented in the wave-
form, signal is simply converted into frequency domain and its 
representation is commonly known as Fast Fourier Transform 
(FFT). Fig. 17 shows the wide FFT spectrum, up to 20 MHz 
span, of the current output I01.  The validation of the network’s 
output has also been confirmed in the voltage-mode and its’ sta-
ble state response is shown in Fig. 18. To recognize the wide 
span of the oscillator’s frequency, its FO is changed with the 
help of grounded passive resistor R3 and the same is depicted in 
Fig. 19. Although this oscillator has two degree of freedom as 
far as its FO is concerned i.e. R3 or R5 but in both the cases CO 
has not been altered.  

Fig. 16. Stable state response of the SRCO in current mode 

Fig. 17. Frequency spectrum of the generated waveform

Fig. 18. Stable state response of the SRCO in voltage mode 

The THD of the designed oscillator has also been comput-
ed and summarized in Table IV. Low THD oscillators are used 
in a variety of applications such as built –in-self-testing and 
ADC characterization [40]. Filters with low THD are always 
preferred due to their features such as better linearity and less 
distortion. In audio systems, these filters generate a faithful re-
production and high fidelity. In the case of a filter circuit, to 
operate in the permissible range of THD the magnitude of the 
input signal must be kept sufficiently low.

Fig. 19. Calculation of FO w.r.t to grounded passive resistor R3

Fig. 20. Calculation of THD over a wide range of oscillation frequency

A detailed study on the fluctuations of output magnitude 
voltage/current, due to the change in the oscillation frequency 
has been performed. The variations of THD over a wide spec-
trum of oscillating frequencies are recorded and depicted in  
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Fig. 20. The fluctuations of magnitude and the phase error be-
tween the quadrature current outputs with respect to the frequen-
cy of oscillation are also observed and presented in Fig. 21 and  
Fig. 22, respectively. Ideally, the amplitude of the output, cur-
rent, or voltage should be independent of the oscillation fre-
quency of the designed oscillator. In practice, it is not feasi-
ble at all without any additional circuitry that is known as the 
Automatic Gain Control (AGC) circuit. The same can also be 
achieved by employing the unity gain buffers. The proposal of 
the manuscript is focusing on a current-mode universal filter 
that can also be converted, by doing some simple modifications, 
into a quadrature sinusoidal oscillator, so the description of the 
AGC technique are not discussed here in detail. For the reader’s 
reference, the amplitude stabilization solutions and design tech-
niques have been elaborated in [41]–[44]. In many industrial 
applications low THD (<1%) is required, to get this from the 
present solution an AGC circuit must be employed.

VII. Experimental Validation 

The purpose of this section is to validate the designed idea 
by utilizing the commercially available Integrated Circuits 
(ICs) such as AD844, LM13700, and OPA860 etc. It is worth 
mentioning here that VDCC is not commercially present in the 
form of a single chip(IC). So different authors/researchers have 
presented many ways of translation of VDCC block employ-

Table III: Different values of components for the tunability of band pass filter parameters

Tunability S.No. g1  (mA/V) g2  (mA/V) R3 (KW) R4 (KW) R5 (KW) w0	(Hz)   Q0 Gain (BP)

Tunability 
of Q0

1 277 277 3.6 3.6 3.6 1.028M 1 1
2 277 277 3.6 1.8 3.6 1.028M 0.5 0.5
3 277 277 3.6 2.54 3.6 1.028M 0.707 0.707
4 277 277 3.6 5.09 3.6 1.028M 1.414 1.414
5 277 277 3.6 7.2 3.6 1.028M 2 2

Tunability of 
center fre-
quency

6 277 277 3.6 2.54 3.6 1.028M 0.707 0.707
7 277 277 2.54 2.54 5.09 1.45M 0.707 0.707
8 277 277 1.8 2.54 7.2 2.05M 0.707 0.707
9 277 277 2.08 2.54 6.23 1.78M 0.707 0.707
10 277 277 5.09 2.54 2.54 727K 0.707 0.707
11 277 277 6.23 2.54 2.08 593.7K 0.707 0.707

Tunability of 
gain (BPF)

12 277 277 3.6 3.6 3.6 1.028M 1 1
13 277 277 5.09 5.09 5.09 1.028M 1 1.41
14 277 277 7.2 7.2 7.2 1.028M 1 2
15 277 277 2.54 2.54 2.54 1.028M 1 0.707
16 277 277 1.8 1.8 1.8 1.028M 1 0.5

Table IV: THD outcome of the Oscillator network

Fourier components of transient response I02

DC component =   4.633032E-09
Total Harmonic Distortion =   6.273129E-01 %
Harmonic No  Frequency (Hz)     Fourier Component Normalized Component Phase (Degree)    Normalized Phase (Degree)
1 8.836E+05 1.839E-05   1.000E+00  -1.611E+02 0.000E+00
2 1.767E+06    9.204E-08 5.004E-03   -1.038E+02    2.185E+02
3 2.651E+06    6.149E-08    3.343E-03   -1.587E+02 3.247E+02
4 3.534E+06    2.641E-08    1.435E-03   -1.653E+02    4.793E+02
5 4.418E+06    1.912E-08    1.040E-03   -1.594E+02    6.463E+02

Fig. 21. Fluctuations of current magnitude with respect to oscillation frequency

Fig. 22. Calculation of phase error over the oscillation frequency
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ing  different ICs [30], [45]–[47]. Here the VDCC version men-
tioned in [46] is used for the purpose of experimental valida-
tion. The equipments, mainly, used to perform the experiment 
were as follows. 1. Triple channel DC power supply (Keithley 
2230G-30-3) 2. Digital multimeter (Keysight U1252 B) 3. Os-
cilloscope (Caddo 30MHz 2 channel 4 trace) 4. Arbitrary wave-
form generator (Keysight 33500B). The power used to bias the 
circuit is ±5V. To perform the experimentation of the active 
filter, the passive components were chosen as C1=C2=1000pF, 
R3=1 kW, R4=0.707 kW, R5=1 kW. The value of the bias resis-
tors of LM13700 is taken as 120 kW so that the value of the 
trans-conductance gain is 1.38mA/V.

The center frequency of the designed active filter, with so 
defined passive components value, is 219 KHz and the value 
of the quality factor is 0.707.  Fig. 23 (a) shows the actual ex-
perimental figure of the active filter. The transient responses of 
LP, BP, and HP filters have also been recorded for the center 
frequency of 330 KHz, as shown in Fig. 23 (b), (c) and (d), 
respectively. It is worth mentioning here that in each displayed 
waveform of Fig. 23, the signal at bottom is the input of the 
circuit whereas the top wave represents the output of the filter. 
The frequency response so observed and recorded, depicted as 
Fig. 24.

Fig. 24. Frequency response of the filter obtained through available ICs

For the experimental justification of the designed oscillator, 
a network has been designed employing commercially avail-
able active and passive components, as shown in Fig. 25 (a). 
±5V voltage supply is used to bias the circuit. The passive com-
ponents are selected as C1=C2=1500pF, R3=1 kW,	R4=0-1 kW, 
R5=1 kW. By using the mentioned values of the components 
the ideal frequency of the oscillator is calculated as  146.4 KHz 
whereas 142 KHz is found while performing the simulations 
using AD844 and LM13700 macro models, thus giving an error 
of 3 %. In the hardware setup 138 KHz of oscillation frequency 
is recorded and 2.82 % of error is observed w.r.t the simulations 
results. The transient response/output waveform of the oscil-
lator is also shown in Fig. 25 (b), which justifies the designed 
network. 

(a)

(b) 

(c) 

(d) 

Fig. 23. Experimental demonstration of active filter(a) Actual experimental 
picture of active filter (b) Transient response of the LP filter at 330KHz (C) 
Transient response of the BP filter at 330KHz (d)Transient response of the HP 
filter at 330KHz
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(a) 

(b) 

Fig. 25. Experimental demonstration of sine wave oscillator (a) Actual 
experimental picture of oscillator (b) Steady state output

VIII. Conclusion

This article proposed a new design of a universal filter that 
can easily be modified as a sinusoidal oscillator. The deri ved 
network employed only grounded passive components and a 
minimum number of active elements. The filter network showed 
the features like availability of all five responses explicitly, in-
dependent tunability of various filter parameters etc. On the 
other hand SRCO has demonstrated some commendable fea-
tures like availability of both the outputs explicitly from high 
impedance port, independent tunability of CO and FO etc. The 
design was successfully tested and validated through various 
pen-paper analyses along with the computer-generated simula-
tions. The feasibility of these circuits has also been verified by 
employing commercially available ICs. 
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Picture (with “float over text” unchecked).

We will do the final formatting of your paper.

II. Procedure for Paper Submission

A. Review Stage
The manuscripts are to be submitted using the Electronics 

Journal online submission system – accessible from Journal’s 
homepage. Prepare it in two-column format as shown in this 
template. Place all figures and tables at the end of the paper 
(after the references) on separate page(s). Figures and tables 
must have the same caption names as referenced in the text. 
Only PDF format of the manuscript is allowed at the review 
stage. Please, check if all fonts are embedded and subset and 
that the quality of diagrams, illustrations, and graphics is 
satisfactory. Failing to provide above listed requirements is a 
valid reason for rejection.

B. Final Stage
When you submit your final version (after your paper has 

been accepted), prepare it in two-column format, including 
figures and tables in accordance with this template. Pack all 
of your files (manuscript source file in Word, figures, and 
manuscript PDF form) within one archive file (you may use any 
of the available file compression tools: WinZip, WinRAR, 7-Zip, 
etc.). Do not forget to provide the manuscript converted in 
PDF format that will be used as a reference for final formatting 
of your paper. Figures should be named as referenced in the 
manuscript (e.g. fig1.eps, fig2.tif, etc.)

C. Figures and Tables
Format and save your graphic images using a suitable 

graphics processing program and adjusts the resolution settings. 
We accept images in the following formats: PS, EPS, TIFF, GIF, 
and PNG. Additionally, it is allowed to use images generated 
by using one of the following software tools: Microsoft Word, 
Microsoft PowerPoint, or Microsoft Excel. The resolution of 
a RGB color file should be 400 dpi. Please note that JPG and 
other lossy-compressed image formats are not allowed. Use 
available software tools to convert these images to appropriate 
format.

Image quality is very important to how yours graphics 
will reproduce. Even though we can accept graphics in many 
formats, we cannot improve your graphics if they are poor 
quality when we receive them. If your graphic looks low in 
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quality on your printer or monitor, please keep in mind that 
cannot improve the quality after submission.

If you are importing your graphics into this Word template, 
please use the following steps:

Under the option EDIT select PASTE SPECIAL. A dialog 
box will open, select paste picture, then click OK. Your figure 
should now be in the Word Document.

If you are preparing images in TIFF, EPS, or PS format, 
note the following. High-contrast line figures and tables 
should be prepared with 600 dpi resolution and saved with no 
compression, 1 bit per pixel (monochrome). 

Photographs and grayscale figures should be prepared with 
300 dpi resolution and saved with no compression, 8 bits per 
pixel (grayscale).

Most charts graphs and tables are one column wide (3 1/2 
inches or 21 picas) or two-column width (7 1/16 inches, 43 
picas wide). We recommend that you avoid sizing figures less 
than one column wide, as extreme enlargements may distort 
your images and result in poor reproduction. Therefore, it is 
better if the image is slightly larger, as a minor reduction in size 
should not have an adverse affect the quality of the image. 

III. Math

If you are using Word, use either the Microsoft Equation 
Editor or the MathType add-on (http://www.mathtype.com) for 
equations in your paper (Insert | Object | Create New | Microsoft 
Equation or MathType Equation). “Float over text” should not 
be selected. 

IV. Units

Use either SI (MKS) or CGS as primary units. (SI units are 
strongly encouraged.) English units may be used as secondary 
units (in parentheses). This applies to papers in data storage. 
For example, write “15 Gb/cm2 (100 Gb/in2).” An exception 

is when English units are used as identifiers in trade, such as 
“3½-in disk drive.” Avoid combining SI and CGS units, such 
as current in amperes and magnetic field in oersteds. This 
often leads to confusion because equations do not balance 
dimensionally. If you must use mixed units, clearly state the 
units for each quantity in an equation.

The SI unit for magnetic field strength H is A/m. However, 
if you wish to use units of T, either refer to magnetic flux density 
B or magnetic field strength symbolized as µ0H. Use the center 
dot to separate compound units, e.g., “A·m2.”

V. Helpful Hints

A. Figures and Tables
Because we will do the final formatting of your paper, you 

do not need to position figures and tables at the top and bottom 
of each column. In fact, all figures, figure captions, and tables 
can be at the end of the paper. Large figures and tables may span 
both columns. Place figure captions below the figures; place 
table titles above the tables. If your figure has two parts, include 
the labels “(a)” and “(b)” as part of the artwork. Please verify 
that the figures and tables you mention in the text actually exist. 
Please do not include captions as part of the figures. Do 
not put captions in “text boxes” linked to the figures. Do 
not put borders around the outside of your figures. Use the 
abbreviation “Fig.” even at the beginning of a sentence. Do not 
abbreviate “Table.” Tables are numbered with Roman numerals. 

Fig. 1.  Magnetization as a function of applied field. Note that “Fig.” is 
abbreviated. There is a period after the figure number, followed by two spaces. 
It is good practice to explain the significance of the figure in the caption.

TABLE I
Units for Magnetic Properties

Vertical lines are optional in tables. Statements that serve as captions for the 
entire table do not need footnote letters. 
aGaussian units are the same as cgs emu for magnetostatics; Mx = maxwell, G 
= gauss, Oe = oersted; Wb = weber, V = volt, s = second, T = tesla, m = meter, 
A = ampere, J = joule, kg = kilogram, H = henry.

If you are importing your graphics into this Word template, 
please use the following steps: 

Under the option EDIT select PASTE SPECIAL. A dialog 
box will open, select paste picture, then click OK. Your figure 
should now be in the Word Document. 

If you are preparing images in TIFF, EPS, or PS format, 
note the following. High-contrast line figures and tables 
should be prepared with 600 dpi resolution and saved with no 
compression, 1 bit per pixel (monochrome).  

Photographs and grayscale figures should be prepared with 
300 dpi resolution and saved with no compression, 8 bits per 
pixel (grayscale). 

Most charts graphs and tables are one column wide (3 1/2 
inches or 21 picas) or two-column width (7 1/16 inches, 43 
picas wide). We recommend that you avoid sizing figures less 
than one column wide, as extreme enlargements may distort 
your images and result in poor reproduction. Therefore, it is 
better if the image is slightly larger, as a minor reduction in 
size should not have an adverse affect the quality of the 
image.  

III. MATH

If you are using Word, use either the Microsoft Equation 
Editor or the MathType add-on (http://www.mathtype.com) 
for equations in your paper (Insert | Object | Create New | 
Microsoft Equation or MathType Equation). “Float over text” 
should not be selected.

IV. UNITS

Use either SI (MKS) or CGS as primary units. (SI units are 
strongly encouraged.) English units may be used as secondary 
units (in parentheses). This applies to papers in data 
storage. For example, write “15 Gb/cm2 (100 Gb/in2).” An 
exception is when English units are used as identifiers in 
trade, such as “3½-in disk drive.” Avoid combining SI and 

CGS units, such as current in amperes and magnetic field in 
oersteds. This often leads to confusion because equations do 
not balance dimensionally. If you must use mixed units, 
clearly state the units for each quantity in an equation. 

The SI unit for magnetic field strength H is A/m. However, 
if you wish to use units of T, either refer to magnetic flux 
density B or magnetic field strength symbolized as µ0H. Use 
the center dot to separate compound units, e.g., “A·m2.”

TABLE I
UNITS FOR MAGNETIC PROPERTIES

Symbol Quantity Conversion from Gaussian and 
CGS EMU to SI a

Φ magnetic flux 1 Mx → 10−8 Wb = 10−8 V·s 
B magnetic flux density,  

  magnetic induction 
1 G → 10−4 T = 10−4 Wb/m2

H magnetic field strength 1 Oe → 103/(4π) A/m 
m magnetic moment 1 erg/G = 1 emu  

→ 10−3 A·m2 = 10−3 J/T 
M magnetization 1 erg/(G·cm3) = 1 emu/cm3

→ 103 A/m 
4πM magnetization 1 G → 103/(4π) A/m 
σ specific magnetization 1 erg/(G·g) = 1 emu/g → 1 A·m2/kg
j magnetic dipole  

  moment 
1 erg/G = 1 emu  
→ 4π × 10−10 Wb·m 

J magnetic polarization 1 erg/(G·cm3) = 1 emu/cm3

→ 4π × 10−4 T 
χ, κ susceptibility 1 → 4π
χρ mass susceptibility 1 cm3/g → 4π × 10−3 m3/kg
μ permeability 1 → 4π × 10−7 H/m  

  = 4π × 10−7 Wb/(A·m) 
μr relative permeability μ → μr

w, W energy density 1 erg/cm3 → 10−1 J/m3

N, D demagnetizing factor 1 → 1/(4π)

Vertical lines are optional in tables. Statements that serve as captions for 
the entire table do not need footnote letters.  

aGaussian units are the same as cgs emu for magnetostatics; Mx = 
maxwell, G = gauss, Oe = oersted; Wb = weber, V = volt, s = second, T = 
tesla, m = meter, A = ampere, J = joule, kg = kilogram, H = henry. 

Fig. 1.  Magnetization as a function of applied field. Note that “Fig.” is
abbreviated. There is a period after the figure number, followed by two
spaces. It is good practice to explain the significance of the figure in the
caption.

V. HELPFUL HINTS

A. Figures and Tables 
Because we will do the final formatting of your paper, you 

do not need to position figures and tables at the top and 
bottom of each column. In fact, all figures, figure captions, 
and tables can be at the end of the paper. Large figures and 
tables may span both columns. Place figure captions below the 
figures; place table titles above the tables. If your figure has 
two parts, include the labels “(a)” and “(b)” as part of the 
artwork. Please verify that the figures and tables you mention 
in the text actually exist. Please do not include captions as 
part of the figures. Do not put captions in “text boxes” 
linked to the figures. Do not put borders around the 
outside of your figures. Use the abbreviation “Fig.” even at 
the beginning of a sentence. Do not abbreviate “Table.” 
Tables are numbered with Roman numerals.  

Color printing of figures is not available Do not use color 
unless it is necessary for the proper interpretation of your 
figures.

Figure axis labels are often a source of confusion. Use 



Color printing of figures is not available Do not use color 
unless it is necessary for the proper interpretation of your 
figures.

Figure axis labels are often a source of confusion. Use 
words rather than symbols. As an example, write the quantity 
“Magnetization,” or “Magnetization M,” not just “M.” Put units 
in parentheses. Do not label axes only with units. As in Fig. 1, 
for example, write “Magnetization (A/m)” or “Magnetization 
(A ⋅m-1),” not just “A/m.” Do not label axes with a ratio of 
quantities and units. For example, write “Temperature (K),” not 
“Temperature/K.” 

Multipliers can be especially confusing. Write 
“Magnetization (kA/m)” or “Magnetization (103 A/m).” Do not 
write “Magnetization (A/m) x 1000” because the reader would 
not know whether the top axis label in Fig. 1 meant 16000 A/m 
or 0.016 A/m. Figure labels should be legible, approximately 8 
to 12 point type.

B. References
Number citations consecutively in square brackets [1]. 

The sentence punctuation follows the brackets [2]. Multiple 
references [2], [3] are each numbered with separate brackets 
[1]–[3]. When citing a section in a book, please give the relevant 
page numbers [2]. In sentences, refer simply to the reference 
number, as in [3]. Do not use “Ref. [3]” or “reference [3]” 
except at the beginning of a sentence: “Reference [3] shows ... 
.” Please do not use automatic endnotes in Word, rather, type 
the reference list at the end of the paper using the “References” 
style.

Number footnotes separately in superscripts (Insert | 
Footnote).1 Place the actual footnote at the bottom of the 
column in which it is cited; do not put footnotes in the reference 
list (endnotes). Use letters for table footnotes (see Table I). 

Please note that the references at the end of this document 
are in the preferred referencing style. Give all authors’ names; 
do not use “et al.” unless there are six authors or more. Use 
a space after authors’ initials. Papers that have not been 
published should be cited as “unpublished” [4]. Papers that 
have been accepted for publication, but not yet specified for an 
issue should be cited as “to be published” [5]. Papers that have 
been submitted for publication should be cited as “submitted 
for publication” [6]. Please give affiliations and addresses for 
private communications [7].

Capitalize only the first word in a paper title, except for 
proper nouns and element symbols. For papers published 
in translation journals, please give the English citation first, 
followed by the original foreign-language citation [8]. All 
references must be written in Roman alphabet.

C. Abbreviations and Acronyms
Define abbreviations and acronyms the first time they are 

used in the text, even after they have already been defined in the 

1 It is recommended that footnotes be avoided (except for the unnumbered 
footnote with the receipt date and authors’ affiliations on the first page). Instead, 
try to integrate the footnote information into the text.

abstract. Abbreviations such as IEEE, SI, ac, and dc do not have 
to be defined. Abbreviations that incorporate periods should 
not have spaces: write “C.N.R.S.,” not “C. N. R. S.” Do not 
use abbreviations in the title unless they are unavoidable (for 
example, “IEEE” in the title of this article).

D. Equations
Number equations consecutively with equation numbers 

in parentheses flush with the right margin, as in (1). First 
use the equation editor to create the equation. Then select 
the “Equation” markup style. Press the tab key and write the 
equation number in parentheses. To make your equations more 
compact, you may use the solidus ( / ), the exp function, or 
appropriate exponents. Use parentheses to avoid ambiguities 
in denominators. Punctuate equations when they are part of a 
sentence, as in
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Be sure that the symbols in your equation have been defined 
before the equation appears or immediately following. Italicize 
symbols (T might refer to temperature, but T is the unit tesla). 
Refer to “(1),” not “Eq. (1)” or “equation (1),” except at the 
beginning of a sentence: “Equation (1) is ... .”

E. Other Recommendations
Use one space after periods and colons. Hyphenate complex 

modifiers: “zero-field-cooled magnetization.” Avoid dangling 
participles, such as, “Using (1), the potential was calculated.” [It 
is not clear who or what used (1).] Write instead, “The potential 
was calculated by using (1),” or “Using (1), we calculated the 
potential.”

Use a zero before decimal points: “0.25,” not “.25.” Use 
“cm3,” not “cc.” Indicate sample dimensions as “0.1 cm x 0.2 
cm,” not “0.1 x 0.2 cm2.” The abbreviation for “seconds” is “s,” 
not “sec.” Do not mix complete spellings and abbreviations of 
units: use “Wb/m2” or “webers per square meter,” not “webers/
m2.” When expressing a range of values, write “7 to 9” or “7-9,” 
not “7~9.”

A parenthetical statement at the end of a sentence is 
punctuated outside of the closing parenthesis (like this). (A 
parenthetical sentence is punctuated within the parentheses.) In 
American English, periods and commas are within quotation 
marks, like “this period.” Other punctuation is “outside”! Avoid 
contractions; for example, write “do not” instead of “don’t.” 
The serial comma is preferred: “A, B, and C” instead of “A, B 
and C.”

If you wish, you may write in the first person singular 
or plural and use the active voice (“I observed that ...” or 
“We observed that ...” instead of “It was observed that ...”). 
Remember to check spelling. If your native language is not 
English, please get a native English-speaking colleague to 
carefully proofread your paper.



VI. Some Common Mistakes
The word “data” is plural, not singular. The subscript for 

the permeability of vacuum µ0 is zero, not a lowercase letter 
“o.” The term for residual magnetization is “remanence”; the 
adjective is “remanent”; do not write “remnance” or “remnant.” 
Use the word “micrometer” instead of “micron.” A graph within 
a graph is an “inset,” not an “insert.” The word “alternatively” 
is preferred to the word “alternately” (unless you really mean 
something that alternates). Use the word “whereas” instead 
of “while” (unless you are referring to simultaneous events). 
Do not use the word “essentially” to mean “approximately” 
or “effectively.” Do not use the word “issue” as a euphemism 
for “problem.” When compositions are not specified, separate 
chemical symbols by en-dashes; for example, “NiMn” indicates 
the intermetallic compound Ni0.5Mn0.5 whereas “Ni–Mn” 
indicates an alloy of some composition NixMn1-x.

Be aware of the different meanings of the homophones 
“affect” (usually a verb) and “effect” (usually a noun), 
“complement” and “compliment,” “discreet” and “discrete,” 
“principal” (e.g., “principal investigator”) and “principle” (e.g., 
“principle of measurement”). Do not confuse “imply” and 
“infer.” 

Prefixes such as “non,” “sub,” “micro,” “multi,” and “ultra” 
are not independent words; they should be joined to the words 
they modify, usually without a hyphen. There is no period after 
the “et” in the Latin abbreviation “et al.” (it is also italicized). 
The abbreviation “i.e.,” means “that is,” and the abbreviation 
“e.g.,” means “for example” (these abbreviations are not 
italicized).

An excellent style manual and source of information for 
science writers is [9].

VII. Editorial Policy
Each manuscript submitted is subjected to the following 

review procedure:
•	 It is reviewed by the editor for general suitability for this 

publication
•	 If it is judged suitable, two reviewers are selected and a 

single-blinded review process takes place
•	 Based on the recommendations of the reviewers, the 

editor then decides whether the particular paper should 
be accepted as is, revised or rejected.

Do not submit a paper you have submitted or published 
elsewhere. Do not publish “preliminary” data or results. The 
submitting author is responsible for obtaining agreement of 
all coauthors and any consent required from sponsors before 
submitting a paper. It is the obligation of the authors to cite 
relevant prior work.

Every paper submitted to “Electronics” journal are single-
blind reviewed. For conference-related papers, the decision to 
accept or reject a paper is made by the conference editors and 
publications committee; the recommendations of the referees 
are advisory only. Undecipherable English is a valid reason for 
rejection.

VIII. Publication Principles

The contents of “Electronics” are peer-reviewed and 
archival. The “Electronics” publishes scholarly articles of 
archival value as well as tutorial expositions and critical reviews 
of classical subjects and topics of current interest. 

Authors should consider the following points:
1) Technical papers submitted for publication must advance 

the state of knowledge and must cite relevant prior work. 
2) The length of a submitted paper should be commensurate 

with the importance, or appropriate to the complexity, 
of the work. For example, an obvious extension of 
previously published work might not be appropriate for 
publication or might be adequately treated in just a few 
pages.

3) Authors must convince both peer reviewers and the 
editors of the scientific and technical merit of a paper; 
the standards of proof are higher when extraordinary or 
unexpected results are reported. 

4) Because replication is required for scientific progress, 
papers submitted for publication must provide sufficient 
information to allow readers to perform similar 
experiments or calculations and use the reported results. 
Although not everything need be disclosed, a paper must 
contain new, useable, and fully described information. 
For example, a specimen’s chemical composition need 
not be reported if the main purpose of a paper is to 
introduce a new measurement technique. Authors should 
expect to be challenged by reviewers if the results are 
not supported by adequate data and critical details.

5) Papers that describe ongoing work or announce the 
latest technical achievement, which are suitable for 
presentation at a professional conference, may not be 
appropriate for publication in “Electronics”.

IX. Conclusion

A conclusion section is not required. Although a conclusion 
may review the main points of the paper, do not replicate the 
abstract as the conclusion. A conclusion might elaborate on the 
importance of the work or suggest applications and extensions. 

Appendix

Appendixes, if needed, appear before the acknowledgment.
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The preferred spelling of the word “acknowledgment” 
in American English is without an “e” after the “g.” Use the 
singular heading even if you have many acknowledgments. 
Avoid expressions such as “One of us (S.B.A.) would like to 
thank ... .” Instead, write “F. A. Author thanks ... .” Sponsor 
and financial support acknowledgments are placed in the 
unnumbered footnote on the first page, not here.



References

[1] G. O. Young, “Synthetic structure of industrial plastics (Book style with 
paper title and editor),”  in Plastics, 2nd ed. vol. 3, J. Peters, Ed.  New 
York: McGraw-Hill, 1964, pp. 15–64.

[2] W.-K. Chen, Linear Networks and Systems (Book style).  Belmont, 
CA: Wadsworth, 1993, pp. 123–135.

[3] H. Poor, An Introduction to Signal Detection and Estimation.   New York: 
Springer-Verlag, 1985, ch. 4.

[4] B. Smith, “An approach to graphs of linear forms (Unpublished work 
style),” unpublished.

[5] E. H. Miller, “A note on reflector arrays (Periodical style—Accepted for 
publication),” IEEE Trans. Antennas Propagat., to be published.

[6] J. Wang, “Fundamentals of erbium-doped fiber amplifiers arrays 
(Periodical style—Submitted for publication),” IEEE J. Quantum 
Electron., submitted for publication.

[7] C. J. Kaufman, Rocky Mountain Research Lab., Boulder, CO, private 
communication, May 1995.

[8] Y. Yorozu, M. Hirano, K. Oka, and Y. Tagawa, “Electron spectroscopy 
studies on magneto-optical media and plastic substrate interfaces 
(Translation Journals style),” IEEE Transl. J. Magn.Jpn., vol. 2, Aug. 
1987, pp. 740–741 [Dig. 9th Annu. Conf. Magnetics Japan, 1982, p. 301].

[9] M. Young, The Techincal Writers Handbook.  Mill Valley, CA: University 
Science, 1989.

[10] J. U. Duncombe, “Infrared navigation—Part I: An assessment of 
feasibility (Periodical style),” IEEE Trans. Electron Devices, vol. ED-11, 
pp. 34–39, Jan. 1959.

[11]  S. Chen, B. Mulgrew, and P. M. Grant, “A clustering technique for 
digital communications channel equalization using radial basis function 
networks,” IEEE Trans. Neural Networks, vol. 4, pp. 570–578, Jul. 1993.

[12] R. W. Lucky, “Automatic equalization for digital communication,” Bell 
Syst. Tech. J., vol. 44, no. 4, pp. 547–588, Apr. 1965.

[13] S. P. Bingulac, “On the compatibility of adaptive controllers (Published 
Conference Proceedings style),” in Proc. 4th Annu. Allerton Conf. 
Circuits and Systems Theory, New York, 1994, pp. 8–16.

[14] G. R. Faulhaber, “Design of service systems with priority reservation,” in 
Conf. Rec. 1995 IEEE Int. Conf. Communications, pp. 3–8.

[15] W. D. Doyle, “Magnetization reversal in films with biaxial anisotropy,” in 
1987 Proc. INTERMAG Conf., pp. 2.2-1–2.2-6.

[16] G. W. Juette and L. E. Zeffanella, “Radio noise currents n short sections 
on bundle conductors (Presented Conference Paper style),” presented at 
the IEEE Summer power Meeting, Dallas, TX, Jun. 22–27, 1990, Paper 
90 SM 690-0 PWRS.

[17] J. G. Kreifeldt, “An analysis of surface-detected EMG as an amplitude-
modulated noise,” presented at the 1989 Int. Conf. Medicine and 
Biological Engineering, Chicago, IL.

[18] J. Williams, “Narrow-band analyzer (Thesis or Dissertation style),” Ph.D. 
dissertation, Dept. Elect. Eng., Harvard Univ., Cambridge, MA, 1993. 

[19] N. Kawasaki, “Parametric study of thermal and chemical nonequilibrium 
nozzle flow,” M.S. thesis, Dept. Electron. Eng., Osaka Univ., Osaka, 
Japan, 1993.

[20] J. P. Wilkinson, “Nonlinear resonant circuit devices (Patent style),” U.S. 
Patent 3 624 12, July 16, 1990. 

[21] IEEE Criteria for Class IE Electric Systems (Standards style), IEEE 
Standard 308, 1969.

[22] Letter Symbols for Quantities, ANSI Standard Y10.5-1968.
[23] R. E. Haskell and C. T. Case, “Transient signal propagation in lossless 

isotropic plasmas (Report style),” USAF Cambridge Res. Lab., 
Cambridge, MA Rep. ARCRL-66-234 (II), 1994, vol. 2.

[24] E. E. Reber, R. L. Michell, and C. J. Carter, “Oxygen absorption in the 
Earth’s atmosphere,” Aerospace Corp., Los Angeles, CA, Tech. Rep. TR-
0200 (420-46)-3, Nov. 1988.

[25] (Handbook style) Transmission Systems for Communications, 3rd ed., 
Western Electric Co., Winston-Salem, NC, 1985, pp. 44–60.

[26] Motorola Semiconductor Data Manual, Motorola Semiconductor 
Products Inc., Phoenix, AZ, 1989.

[27] (Basic Book/Monograph Online Sources) J. K. Author. (year, month, 
day). Title (edition) [Type of medium]. Volume (issue).  Available: 
http://www.(URL)

[28] J. Jones. (1991, May 10). Networks (2nd ed.) [Online]. Available: http://
www.atm.com

[29] (Journal Online Sources style) K. Author. (year, month). Title. Journal 
[Type of medium]. Volume(issue), paging if given.   Available: 
http://www.(URL)

[30] R. J. Vidmar. (1992, August). On the use of atmospheric plasmas as 
electromagnetic reflectors. IEEE Trans. Plasma Sci. [Online]. 21(3). pp. 
876–880.   Available: http://www.halcyon.com/pub/journals/21ps03-
vidmar





Information for Authors

Editorial objectives
In the journal ”Electronics”, the scientific papers from different fields of electronics and electrical en-

gineering in the broadest sense are published. Main topics are electronics, automatics, telecommunica-
tions, computer techniques, power engineering, nuclear and medical electronics, analysis and synthesis 
of electronic circuits and systems, new technologies and materials in electronics etc. The main emphasis 
of papers should be on methods and new techniques, or the application of existing techniques in a novel way.

The reviewing process
Each manuscript submitted is subjected to the following review procedures:
• It is reviewed by the editor for general suitability for this publication;
• If it is judged suitable, two reviewers are selected and a double-blind review process takes place;
• Based on the recommendations of the reviewers, the editor then decides whether the particular paper 

should be accepted as it is, revised or rejected.

Submissions Process
The manuscripts are to be submitted using the Electronics Journal online submission system – accessible 

from Journal’s homepage.
Manuscripts have to be prepared in accordance with the instructions given in the template for paper prepa-

ration that can be found on the journal’s web page (www.els-journal.etf.unibl.org).
Authors should note that proofs are not supplied prior to publication and ensure that the paper sub

mitted is complete and in its final form.

Copyright
Articles submitted to the journal should be original contributions and should not be under consideration 

for any other publication at the same time. Authors submitting articles  for  publication warrant that the work 
is not an infringement of any existing copyright and will indemnify the publisher against any breach of 
such warranty. For ease of dissemination and to ensure proper policing of use, papers and contributions be-
come the legal copyright of the publisher unless otherwise agreed.



ELECTRONICS, VOL. 25, NO. 2, DECEMBER 2021

ISSN 14505843
UDK 621.38

EDITOR’S COLUMN .................................................................................................................................................................................................................... 37
Mladen Knezic

PEERTOPEER ENERGY TRADING IN A MICROGRID USING INTERNET OF THINGS AND BLOCKCHAIN ............................................39
Mirza Jabbar Aziz Baig, M. Tariq Iqbal, Mohsin Jamil and Jahangir Khan

PREDICTION MODEL OF SOIL ELECTRICAL CONDUCTIVITY BASED ON ELM OPTIMIZED BY BALD EAGLE  
SEARCH ALGORITHM ................................................................................................................................................................................................................50
Ying Huang, Hao Jiang, Weixing Wang and Daozong Sun

SINGLE EVENT EFFECT ANALYSIS OF SIGE LOW NOISE AMPLIFIER ...................................................................................................................57
Manel Bouhouche, Saida Latreche

A CURRENT MODE UNIVERSAL FILTER AND A SINGLE RESISTANE CONTROLLED OSCILLATOR 
EMPLOYING ONLY GROUNDED PASSIVE ELEMENTS: APPLICATIONS OF VDCC .............................................................................................65
Tajinder Singh Arora
 


