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Abstract: Power deficiency is one of the major problemsthat
the whole world is facing now. This is happening because of the
immense increase in the world’s population and the global
increase of industrialization. So in order to minimize the
consumption of power, an energy efficient current source is
designed with the help of Field Programmable Gate Array
(FPGA). This work gives light on how the power variation takes
place in a current source with an increase in frequency value. In
this research work, the current source is implemented on 28
nanometers (nm) Airtx-7 FPGA. The work is demonstrated on
Xilinx 14.1 ISE simulator. VHSIC Hardware Description
Language (VHDL) is used for writing the code of current source.
The frequency of current source with Airtx-7 FPGA isincreased
from 100MHz to 5GHz It is analyzed that the total power
consumption islessasthe valueof frequency islow. So it isalways
advisable to operate the device at a lower frequency rangein order
to save more energy.

Keywords : Field Programmable Gate Array (FPGA),
Artix-7, Freguency, Power and Current source.

I. INTRODUCTION

Theworld is having alimited amount of natural resourcesfor
power generation. The time era which is going now isfacing
a huge problem of energy and power crisis across the globe.
The magor cause of this deficiency is an increase in
population and industrialization which is growing day by day
in the whole world [1]. Therefore in order to overcome the
problem of energy and power crisis, the concept of green
communication and power-efficient devices have gained alot
of attention in today’s world [2-3]. Thiswork isdonein order
to promote green communication and to design
power-efficient devices. In this work a power-efficient
current source circuit is designed and its results are analyzed
in Artix-7 FPGA when the frequency makes atransition from
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100MHz to 5GHz which is shown in figure 1.The current
source is one of the basic electronic circuits, that’s the main
work is to deliver or absorb eectric current and this current
must be independent of the voltage applied across the current
source. It suppliesthe constant current to the circuit, whichis
independent of the voltage developed across the terminals

[4].

) o s

Figure 1 Range of frequencies.

[I. RELATED WORK

Earlier researchers have used FPGA to control
Multilevel Current Source Inverter (MCSI) [5]. Theresults of
the experiment are analyzed in MATLAB. With the help of
Digital Signal Processing and FPGA authors have presented
a current controller for voltage source inverter [6]. The
authors designed a real-time maximum power point
controller for photovoltaic system using FPGA. The results
are analyzed on Xilinx simulator on Virtex-1l FPGA [7].
Researchers used Fast Fourier Transform (FFT) [8] agorithm
on FPGA to design voltage and current dual-drive systems
for electrica impedance tomography. Researchers used
FPGA to analyze three-phase distribution for load
compensation to reduce supply power factor [9]. Authors
used FPGA for real-time simulation for power converters and
electric machines [10]. FIR filter using FPGA [11] for green
communication is designed. Authors used Kintex, an
ultra-scale FPGA to study the power consumption of FIR
filter by changing its IO standards. A solution is given by
authors to find an operating condition for RAM so that it
consumes the least amount of power [12]. The different
frequencies at which this experiment is performed liesin the
range of 0.6 GHz to 1.5 GHz on Xilinx 12.1 simulator. The
authors designed a power-efficient RAM using 28nm FPGA
for spacecraft [13]. In this work authors worked on 10
standards of FPGA to study the power consumption of
Random Access Memory (RAM). By using Virtex-6 FPGA,
authors interfaced RAM to minimize its power consumption
[14]. For real-time simulation photovoltaic modules are
designed by the authors with the help of FPGA [15].
Researchers worked on designing a low voltage and low
power VLSI circuit on FPGA [16]. They used Virtex 6 FPGA
and RAM-UART to analyze power reduction. Authors
designed an energy-efficient Arithmetic Logic Unit (ALU)
by varying the frequency of FPGA which reduces clock and
dynamic power consumption [17]. A low power UART is
developed by authors by varying the output load capacitance
over Virtex-6 FPGA [18]. A power-efficient FIR filter is
designed by authors for wireless network sensors as pre
signal processing step using FPGA [19].
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An energy-efficient solar charge sensor is designed on
FPGA is designed by authors. Frequency is scaled for from
0.01 GHz to 100 GHz [20]. An energy-efficient instruction
register is designed by authors for promoting the ideas of
green communication [22]. A power-efficient control unit is
designed by authors on FPGA. In this work frequency of the
FPGA is changed to optimize the power consumption [23].
With the help of different families of FPGA, a low power
UART is designed by authors [24]. Effect of different logic
families of FPGAsisobserved on UART by the authors[25].
Thereis an extensive literature provided on different types of
energy efficient

I11. EXPERIMENTAL SETUP

The research work is implemented on Xilinx 14.1 ISE
simulator for Artix-7 FPGA, and the code of the current
source is written in the VHDL module. The schematic
obtained from the simulator has three inputs which are clock,
reset and offset value of 28-bits. There are six output wires
which are asfollows: -

v' 8 bits offset addressl

v' 8 bits offset address2

v’ 9 bits offset datal

v' 5 bits offset data2

v’ Offset calibration finished

v Offsat.

The airflow of FPGA is 250 Linear Feet per Meter (LFM),
while the ambient temperature is 25(°C). The Register
Transfer Level (RTL) schematic of the current source
achieved from the Xilinx design suite isrepresented in figure

Figure2 RTL Schematic of the current source.

IV. POWERANALYSIS

There are two types of power for which the result has been
calculated.

v’ Static Power— Static power is that power which is
consumed when there is no supply of current.
Example- Leakage Power (Lek. P) [21].

v Dynamic Power- This is the power consumed when
the inputsto the circuit are active. Example — Clock
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Power (C.P), Signal Power (S.P), Logic Power
(L.P), and Input/Output power (1/O. P).

In order to analyze the effect of different frequencies on static
and dynamic power consumption of current source, the
frequency rangeis scaled from 100MHz to 5GHz. The power
analyses at different frequencies are as follows:

A. Power Analysisfor 100MHz frequency.

The frequency of FPGA is tuned to 100MHz, then the S.P,
L.Pand I/O. P. are 0.001W. The power consumption of C.P
and Lek.Pis 0.001 W and 0.042 W respectively. Therefore
the power consumption of FPGA a 100MHz frequency
becomes 0.044 W. The different power distribution at 100
MHz isdescribed in figure 3.

Power Analysis
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Figure 3 Power Distribution at 100MHz frequency.

B. Power Analysisfor 500MHz frequency.

When the frequency istuned to 500MHz, L.P consumption is
0.001W, on the other hand, C.P contributes 0.003W, S.P
contributes 0.001W, /O power contributes 0.002W and
Lek.P contributes 0.042W. The total power consumption of
FPGA is 0.048W as shown in figure 4.

Power Analysis
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Figure 4 Power Distribution at 500M Hz frequency.

C. Power Analysisfor 1GHz frequency.

At the frequency of 1GHz, the Tota Power (T.P)
consumption is 0.054W which is sum total of C.P that is
0.006W, S.P that is 0.001W, L.P that is 0.001W, /O power
that is 0.004W and Lek.P that is 0.042W respectively.
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For 1GHz frequency, logic power consumption is 0.000W.

The power analysis graph is shown in figure 5.

Power Analysis
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Figure5 Power analysisgraph for 1GHz frequency.

D. Power Analysisfor 3GHz frequency.

When the frequency is tuned to 3GHz, L.P consumption is
0.000W. The T.P consumption is 0.077W which is sum total
of C.P, SP, L.P I/O power and Lek.P whose values are
0.017W, 0.004W, 0.001, 0.013W and 0.042W respectively.
The power analysis for frequency 3GHz is shown in figure 6.

Power Analysis
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Figure 6 Power analysis graph for 3GHz frequency.

E. Power Analysisfor 5GHz frequency.

When the frequency is tuned to 5GHz, the T.P consumption
isthe sum-up of al the on chips power which isfabricated on
FPGA. At 5GHz frequency the C.P is 0.028W, L.P is
0.001W, S.Pis 0.007W, I/O power is 0.222W and Lek.P is
0.043W, which sums up to the T.P consumption of 0.101W.
Figure 7 represents the power distribution for 5GHz
frequency.
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Figure 7 Power analysis graph for 5 GHz frequency.

V. RESULT ANALYSIS

It is observed from power anaysis that the T.P consumption
of the current source with Airtx-7 FPGA increases asthereis
increase in the frequency value. The T.P consumption
increases by 9.09%, when frequency is changed from
100MHz to 500MHz. When frequency istuned to 1GHz from
100MHz the power is increased by 22.73%. The T.P
consumption isincreased by 75% when frequency is tuned to
3GHz from 100MHz. When frequency changes to 5GHz
from 100MHz total power is increased by 129.55%. The
comparison of T.P consumption for different frequency
rangesisrepresented in figure 8.

Power Comparison
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Figure 8 Total Power comparison.

VI. CONCLUSION

This research work details the implementation of current
source circuit on Artix-7 FPGA. The research work is
performed on Xilinx 14.1 Design suite. It is evident that the
power consumption increases as the value of frequency gets
increased. Therefore it is concluded that the current source
design is most power-efficient at 100MHz frequency. Soitis
always advisable to operate the device at a lower frequency
range in order to save more
energy.
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FUTURE SCOPE

This work highlights about the implementation of current
source design on Artix-7 FPGA. New researchers can
implement this design on other FPGAs like Kintex, Zynq etc.
for promoting the ideas of green communication. Not only
current source design, other electronic circuits can aso be
implemented on FPGA, to achieve power-efficient devices.
Another energy and power efficient techniques like voltage
scaling, capacitance scaling and 1/0O standard scaling can be
implemented on current source in order to contribute towards
green communication since the whole globe is facing the
problem of power crisis.
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