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Abstract: Several efforts are being made in the field of voltage converters due to increasing focus in power electronics. This
is hinged on simple fact that converters have widespread usability domain such as portable devices running on battery, PCs,
industrial electronic equipment, telecoms systems, and stable power distribution. Currently, studies are focusing on developing
highly effective converter systems and designs innovations that take advantage of limited energy resources to improve and
increase power/voltage supply capabilities for electronic devices consumptions. Power supply mechanism is analogous to data
conversion systems outcomes in which voltage is generated in circuit systems through series of conversions and reversions.
This study proposes hybridization of two existing data conversion schemes in the design of highly effective voltage circuits
system that can tolerate and improve energy consumptions issues. The result indicates that the hybrid voltage pin of 63V is
higher than the circuits system of the single voltage source of the analog and direct voltage which generated 54V and 6V
respectively. The hybrid voltage pin also outperformed another investigative paper by 63V to 32V for an input of 5V leading to
the hybrid converter offering more gains for low voltage source by 66.7% (9V) to 33.3% (5V) respectively.
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general-purpose computing is gradually evolving especially
in Digital Signal Processing (DSP). RNS which is a non-
weighted number system contains pairwise relatively prime
moduli which are unique and independent of one another.
The arithmetic operations based on RNS can be performed
on various moduli independently to avoid the carry in
addition, subtraction and multiplication, which is usually
time consuming [2]. Several studies on the design, simulation
and implementation of microcontrollers for certain RNS such
as binary to residue converter, residue to binary converter,
residue adder and residue multiplier; which serve as building
blocks for digital signal processing applications. This
attribute considerably improves the speed of processing as in
the case of DSP applications. Presently, attention is drawn to
structures and designs based on RNS conversions of voltage
supply to improve power consumptions in electronic gadgets
and circuit systems, which is the focus of this paper.

1. Introduction

Power converters are electronic circuits concerned with the
conversion, regulation and conditioning of electric voltage
supply. The power outputs range from milliwatts in mobile
devices to megawatts in electric power transmission systems.
Reliability is interestingly the main focus of many industrial
power converters. Electronic devices and control circuit are
expected to be highly robust in order to attain a high valuable
life. The special focus given to the overall efficiency of
power electronic circuits is due to inestimable environmental
and economic value of wasted power and, cost of energy
dissipated which it can generate. In effect, an insignificant
improvement in converter power efficiency can translate to
better returns of the investment in the electronics sector [1].
One major electronic converter is Switched-Mode Power
Converters (SMPC).

The application of Residue Number System (RNS) in
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2. Literature Review
2.1. Voltage Supply Challenges

The solar power, RF power, and fuel cells are most
feasible alternatives of voltage supply [3]. But, the major
challenge of these power sources is the low level of their
voltage output levels. A single solar cell delivers
approximately 0.5V, which is much lower than many
alternative sources such nominal voltage of dry cells or even
their end-to-discharge values of 0.9V. Integrated circuits
(ICs) are being designed to improve the capability of solar
cells and systems to deliver better solutions for portable
signal processing instruments. ICs need much greater
voltages to function properly, which make voltage
multiplication desirable. The prospect of attaining enhanced
DC voltage on-chip is achieved through voltage
multiplication. This is a noisy and unsupportive of sensitive
analog circuits due to power supply rejection of the later.
Recently, the rising demands for designing and perfecting
low circuits with low power consumption.

In practice, low power consumption of circuit operation
involves low voltage. But, performance of circuit degrades
and bandwidth. In many cases, these losses can be restored
by scaling down the voltage threshold of MOSFETs, which
increases static power dissipation. For analog circuits, scaling
can be very efficient; and the use of minimum size transistors
is unfit due to noise and offset voltage constraints. This is
different with digital circuits which results in improved
performances. Low voltage analog circuit design techniques
differ considerably from those of high voltage analog circuit
design. This generates a need for adaptation of alternative
design techniques to suit the low voltage environments. The
current mode approach proves a better alternative for low
voltage high performance analog circuit design in which the
focus is on current levels for the operation of the circuits. The
voltage levels present at various nodes are immaterial.

Analog signal processing has undergone several
developments especially in real time application which are
analog by nature for physical phenomenon. Also, there is an
increased market demand for complex and advanced
information processing applications which is fuelling more
focus on analog system design. In recent times, VLSI is an
offshot of analog design which has traversed to the digital
VLSI design with VLSI technology and CAD tools. At
present, analog cells are similar to digital system design,
which implies analog systems can be built as though digital
system. Therefore, the design became simpler such as Field
programmable analog arrays, configurable and modular
analog circuits [4, 5]. In general, electrical circuits can be
created from the interplay between current and voltage.
Majority of conventional analog circuits such as operational
amplifiers and voltage mode circuits, but, the output of the
voltage is sluggish due to stray and capacitances in the event
of increases in input voltage. Again, the voltage mode
circuits have low bandwidth with high slew rate which make
it unfit for high frequency applications having high voltage
savings [6]. The voltage signals are unconnected to the

circuit performance. Analog circuits are expected to exhibit
rail-to-rail input and output voltage swing capability. Several
conventional circuit topologies have been overtaken by fresh
innovative design. Simple Current Mode Circuit structures,
especially those circuits that are capable of operating at low
voltages have been developed [7].

2.2. Application of Residue Number Systems

Residue Number System is a mathematical concept
discovered by Sun Tsu Suan-Ching in 4™ century AD from
original operations of Chinese remainder theorem of modular
arithmetic. In 1950s, the focus on RNS arithmetic increased
because of support for computational hardware and diverse
applications such as digital filtering, coding, RSA ciphering
system, digital communications, digital signal processing and
storing and retrieving information, error detection and
correction and fault tolerant systems [8]. In particular, RNS
are characterized by modularity, fault tolerance, parallelism
and carry free functions. Recently, RNS-based architectures
have been implemented because of benefits of VLSI
technology. Consequently, many high-speed and special
purposes VLSI digital signal processor have effectively
developed. Another advantage of RNS is the capability of
representing a large integer with a collection of smaller
integers. The component of RNS model include: forward
conversion, channels (moduli) and reverse conversion as
shown in Figure 1.

CHANNELS
’{ ml I o

]

BINARY RESIDUE
10 o
RESIDUE BINARY
(FORWARD) (REVERSE)

. -

Figure 1. Structural components of RNS model. [9].

2.3. Forward Conversion

This is the most significant structural component in RNS
because; it serves as the overhead. Usually, forward
converters are categorized into two on the basis of the moduli
utilised. In first category, forward converters make use of
arbitrary moduli-sets. This type of converters is constructed
by means of Look-Up Tables (LUTs) comprised of ROM. In
The second category of forward converters make use of
special moduli-sets which shortens this conversion
architectures and algorithms. In general, the special moduli-
sets are known as low-cost moduli-sets. One such classic
architecture for the performing forward converter from
binary-to-RNS representation with the special moduli-set as
illustrated shown in Figure 2.
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Figure 2. RNS based forward conversion. [9].
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One way of implementing a residue adder for modulo ‘m’
structure is composed of one n-bit adder among various ways
[10].

2.4. Channels

The Standard channels in RNS are three moduli such as
2" —1,2™, 2™ 4+ 1 in which n depicts the way of splitting the
decimal value (X) considered in Figure 1. During the design
of RNS system, it is important to choose appropriate moduli
set because of the influence on the complexity of Forward
and Reverse converters, and RNS arithmetic Circuits.
Unbalanced moduli-sets lead to uneven architectures, in
which the operation of main moduli in terms of cost and
performances is overly dominant [11].

2.5. Reverse Conversion

Reverse conversion is the act of converting residue number
to binary number by means of conversion algorithms such as
Chinese Remainder Theorem (CRT), Mixed Radix Theorem

(MRT), and New Chinese Remainder Theorem (NCRT). The
purpose of the NCRT is to speed up the computation in an
efficient devoid of additional overheads. For the three moduli
residue number system 2™ — 1,2",2™ + 1 a new high-speed
ROM-less residue-to-binary converter is utilised. Not like
other converter, its delay consists of the time of only one 1's
complement addition of two 2n-bit numbers which is about
2/3 of the binary range of the RNS equal to as 3n. Therefore,
it is arguably the fastest available residue-to-binary converter
[12].

2.6. High Voltage DC Transmission

High Voltage Direct Current (HVDC) transmission is
beneficial for long distances and  asynchronous
interconnection of power delivery through underground
cables and overhead lines. Conventionally, HVDC systems
are faster, well-established technology, and controllably
stable since inception in 1954 by Sweden. The classic HVDC
transmission based on thyristors are deployed for power
conversion from AC-to-DC and DC-to-AC [13]. Later,
Voltage Source Converter (VSC) was introduced to replace
thyristors, which is an advanced semi-conductor technology.
The advantages of VSC-based HVDC over classic-based
HVDC installation include independent control of active and
reactive power, and distinct power systems interconnection.
Recently, VSC HVDC is used to reverse the flow of power
direction without changing the polarity of DC voltage (in
multi-terminal DC system), which is needless of fast
communication between the two converter stations [14].

The HVDC back-to-back converter is made up of a
rectifier and an inverter interconnected with a shared DC link
located in same site with connectionless bridges as shown in
Figure 3. Usually, the DC link voltage must exceed the peak
line operating voltage; and regulated by controlling the
power flow to the AC grid. More importantly, there is
capability to speedily control the power flow.
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Figure 3. HVDC converter system. [15].

2.7. Types of Circuit System Designs

Similarly, the devices within converters can be switched in
different ways [1]. When devices switch at the line frequency
(50Hz or 60HZ) offers line frequency converters (naturally
commutated converters) or high-frequency switching (forced-
commutated converters). Whatever the character of the input
source, converters can be classified as voltage-source
converters or current-source converters. Also, converters can

be of low, medium or high voltage and/or current level. In
addition, converters can be classified on basis of the size of
the output signal obtained from the input signal; when the
converter accomplishes a lower output signal it is referred as
step-down, and when it obtains a larger signal, it is referred
as step-up [16].

The study [17] proposed a super-lift converter to geometric
increase the voltage outputs and transfer gain power series in
electronic circuit designs. The author uses TMS 320 LF
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2407A DSP to fire the pulses into the super-lift converter
because of high processing speed, ADC units, PWM
generation units and flexible instruction set. The outcome of
the converter is supplied to processor by means of the ADC
channels. The ADC converter is compared with established
value to determine error generated. However, the voltage
conversion scheme requires closed loop control for
efficiency. The work is valuable because of power voltage
enhancement and error correction design features for analog
and digital signals considered.

The study [18] developed a structured residue number system
based building blocks to improve the efficiency of digital
processing applications. The author considers non-weighted
number system for carry-free, parallel, high speed, secure and
fault tolerant arithmetic operations for the purpose of
constructing high-performance and fault tolerant digital signal
processing (DSP) applications. Three parts of the DSP were
proposed. Firstly, binary to residue converter which manipulates
the RNS equivalent of the inputs represented in the binary
number system. Secondly, parallel residue arithmetic units
which compute arithmetic operations on the operands available
in RNS represented. Thirdly, the residue to binary converter
converts of outputs back into binary representation. The
outcomes show that RNS- based image processing is more
efficient in terms of timing performance and power
consumptions when compared to binary-based structures.

The study [19] undertook the challenge of data conversion
in RNS because of RNS prospects in hardware applications.
Data conversion circuits in hardware remained a serious
problem because of overhead involves in circuits designs.
The author proposed an effective method for converting
conventional representation to and from RNS, which are two
including direct analog-to-residue conversion, residue-to-
analog. In general, analog continuous-time signal and digital
signal representation are forms of binary formats available.
The performance of the two schemes showed the efficacy of
RNS in applications requiring analog interactions and
communications. The short fall of this work is lesser
adoption of RNS in hardware and circuit designs as
compared to binary formats.

The study [20] applied residual arithmetic in
communication and signal processing in which the arithmetic
operations are split into smaller parallel independent
operations without a carry propagation. The moduli set is
selected without carry generation. The author used residue
number system (RNS) in designing solution to various
applications of Communication and Signal Processing
especially in applications where integer arithmetic is
authoritative process.

The study [21] proposed the use of Residual Number
System (RNS) to overcome the limitation posed by the 2’s
complement number system in power-performance efficiency
due to its sequential carry propagation. The author introduces
the concept of parallel independent operation partitioning,
which produce faster and power-efficient hardware. This
study is limited to hardware application domain with less
advantageous in a programmable processor especially the

overheads incurred in the conversion operations for
transforming operands from 2’s complement to RNS and
vice-versa. The results showed that application performance
improved by 21% and an average functional-unit power
improvement by 54%.

3. Methodology

This paper proposes a three step process approach for
converting low voltage input to a different frequency signal,
whose output is a higher voltage variant. This is achieved by
taking advantage of conversion schemes in order to produce
high frequency signals circuit system. In general, the
electrical circuit system controls and modifies the low power
sources or inputs by means of signal converters with the goal
of attaining high-voltage efficiency. Again, the converters
vary the voltage supply in the system block Chips (SoCs) on
the basis of power efficiency and required performance as
illustrated in Figure 4.

Low Converters rngh
Voltage Voltage
input Output

Figure 4. Structure of the proposed voltage circuit system design.

In Figure 4, the voltage sources or inputs are composed of
direct current (DC), alternate current (AC) and noise
variables. These components are combined in circuit design
to produce resultant voltage supply from the source unit
which is transmitted across positive and negative terminals is
given by Equation 1.

v=vp+ v, sinrft + ¢)+ vy 1

where,

v is the hybrid voltage source

vp is steady-state DC voltage component

v, is the amplitude of the AC voltage component

f is the frequency of the AC component

t is the time of the AC component

¢ is the phase offset of the AC component, and

vy is the noise voltage

The first step of the proposed electrical circuit design is to
execute the conversion scheme which separates voltage
sources to their corresponding analog and digital vectors
signals as illustrated in Figure 5.

« | Analog Input
Vector

Power Voltage
Sources

« [ Digital Input
Vector

Figure 5. Hybrid voltage source conversion structure.

In Figure 5, the entire conversion process maps each power
voltage signals values to unique analog and digital input vectors
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in the resulting output vector. The block interconnects each volt
value generated from the hybrid power source to a set of M bits,
using the selection for the output bit order selection to ascertain
the most significant bit, which gives resulting vector length M
times the length of power voltage source (or input) vector. The
number of bits per voltage supply parameter is M. The unsigned
values of input vectors are constrained to 0 and 2™ — 1. In the
case of signed input variable, the values are restricted to 2 — 1
and 2™ — 1 — 1. At run-time, checks and fault detection are
carried out whenever the input values surpass this specified
range. This process is effective as single-rate and single-channel
that operates length, NV column vector (or a scalar-value: N = 1)
input signal with matching outputs of length N-M column vector.

The second step converts every analog input vector to digital
input vector before generating binary signals using analog-to-
digital converters such as C281xADC algorithm that uniquely
create binarized input pins as shown in Figure 6.

A/D Binary
signals

Digital-binary I
vector

Analog-binary -
vector

Figure 6. Binary input pins generation for the voltage signals.

From Figure 6, the voltage signals can be effectively
converted into binary form for analog and digital vectors
signals respectively.

The third step is a hybrid conversion scheme which
generates RNS representations for binary input pins realized
from second step. This reduces noise and errors inherent in
these signals in order to improve the resultant voltage output
in circuit system for the different power sources (that is,
analog and digital binary input pins) as illustrated in Figure
7.

Hybrid-
Analog-to- Digital-to- Yo
Residue: =@ Residuer [~ Residue
i i : . output-pin-
input-pin. input-pin.

without-noise.

Figure 7. The RNS based circuit systems design.

The proposed circuit system design makes use of Reed-
Solomon (RS) converter, which is RNS dependent. The RS
converter transforms the binary digital signal of length K and
codeword length (N — number of punctures) to residue input
pin. The binary sequences of length M is mapped to elements
of the three moduli residue number system [0,2M,2M — 1],
where the first bit in each sequence is the most significant bit
(MSB) for non-negative integer (M). Thereafter, the
Hamming code converter is introduced to generate the final
transformation of binary analog signals component of the
voltage source to residue. This converter creates residue
signal with message length K and codeword length N. the
number N has the form 2" — 1, where M is an integer greater
than or equal to 3, and K = N — M. The binary analog signal
to converter with vector size of K creates corresponding
residue signal vector outcome size N. The implementation is
achieved by means of MATLAB R2010a.

4. Results

The difference between the analog and direct voltage
signal signals derived from power source are illustrated in
Figure 8.

Analog signal
Direct gignal

5 i i i
0 5 10 15 20

Figure 8. Analog vs. direct voltage signals.

From Figure 8, the values of the analog and direct voltage
signals realised from the sources are presented in Table 1.

Table 1. The values of voltage signals sources compared.

Time (sec) 0 0.4 0.8 1.2 1.6 2 24 2.8 3.2 3.6 4 44 20.0 Volts
Signal 1 0.0 0.2 0.4 0.6 0.7 0.8 0.9 1.0 1.0 1.0 0.9 0.8 -0.5 8.9
Signal 2 0.0 0.0 0.1 0.2 0.3 0.5 0.6 0.8 1.0 1.2 1.4 1.6 1.8 53.6

In Table 1, the signal 1 and signal 2 are the voltage (9V
and 54V) delivered from the analog and direct power sources
after 20 sec of simulation respectively. The analog voltage is
less effective to direct voltage delivered independently. The
hybrid converter combines these two voltage sources in order
to enhance the power supplied in power circuits. The
binarization process is built into voltage circuit system to

take advantage of these distinct voltage sources to provide
higher voltage signals for the power circuit system. This is
achieved by first converting analog-to-direct voltage signal.
Then, the resulting direct signals are converted into 16 binary
pins using Bit-to-Residue number system converter as
illustrated in Table 2.

Table 2. Voltage pins generation.

Signal 1 pin 0 0 0 0 0 0 0
Signal 2 pin 0 0 0 0 0 0 0

0 0 0 0 0
0 0 0 1 1 0 1 1

—_
S
S
—




46

Mohammed Babatunde Ibrahim ef a/.: Dynamics of Data Conversion Schemes in High

Performance Voltage Circuit Systems Designs

The hybrid model combines the signal 1 and signals 2 pins to produce high voltage which is more than each voltage source

selected separately as presented in Table 3.

Table 3. Hybrid voltage source generated.

Signal 1 pin 0 0 0 0 0 0 0
Signal 2 pin 0 0 0 0 0 0 0
Hybrid pin 0 0 0 0 0 0 0

0
0
0

0 0 0 0 1 0 0 1
0
0 0 1 1 1 1 1 1

(=]
—
—_
(=)
[
—_
(=]

The voltage value of hybrid pin is 63V, which is higher
than circuits system running on single voltage source design.
In this case, analog and direct voltage sources generated 54V
and 9V respectively lower than the hybrid voltage source
design for a power circuit system. In a work by the study [17],
output of 32V is produced for an input of 5V, which implies
the hybrid converter offered more gains for low voltage
source by 66.7% (9V) to 33.3% (5V) respectively.

5. Conclusion

Power converters control the flow of power between two
circuits systems by changing the character of electrical
energy including: from direct current to alternating current,
from one voltage level to another voltage, or in other way.
One common classification of power conversion systems is
associated with the waveform of the input and output signals,
which is Alternating Current (AC) or Direct Current (DC)
[22]. These popular power converters include: DC to DC, DC
to AC Inverter, AC to DC Rectifier, and AC to AC
Transformer. This paper has established that hybrid power
source designs based on residue number system are more
effective for high performance circuits systems. However,
there are possible prospects of deploying Residue Number
System based converters to improve output of electrical
circuits systems.
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