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ABSTRACT 
 
The design and development of a simple but 
efficient digitally controlled regulated power 
supply of a variable voltage ranging from 0v to 
15v with a maximum output current of 5A is 
presented in this paper. The approach employed 
here is generally an embedded system, designed 
around an intelligent microcontroller which is 
provided with a digitized reference voltage to 
control the input and the output liquid crystal 
display for the provision of greater precision, 
stability and accurate results for electronic 
engineering laboratory experiments. 
 

(Keywords: intelligent, PSU, power supply unit, 
voltage, microcontroller, precision) 

 
 
INTRODUCTION 
 
In most developing countries, like Nigeria, the 
electricity from the power grid is an alternating 
current (AC). Most walls outlets carry an effective 
AC voltage of 220V with the frequency of 50Hz. 
The energy from the wall outlet is practically 
limited, but it must be converted from the 
alternating current (AC) to direct current (DC) and 
tailored to permit the right voltage suitable for 
electronic equipment. This can be achieved by 
using a DC power supply unit (Power Supply Unit 
or PSU)[4]. The PSU is a device that supplies 
electrical power to a device or group of devices. 
The term is most commonly applied to units that 
are integrated with the devices they supply power 
to, such as computers and household electronics. 
Usually, the PSU used in the laboratory for 
experimental purpose is called a laboratory bench 
supply. It is a variable output power supply unit 
that can supply either a uni- or bi-polar power to 
the load connected. 

The need to carry out experiments on electronic 
devices to ascertain their characteristics and 
specifications is mandatory [12]. This makes the 
bench power supply important equipment in the 
laboratory for testing low power devices. In 
carrying experiments, accuracy and stability is 
required. Errors can be introduced into an 
experiments by the inaccuracy of the voltage (or 
current) supplied by the PSU [4] .To eliminate 
such deficiencies, the power supply unit is 
required to be as accurate as possible.  
 
In this design, a microcontroller is utilized as a 
control unit to make the power supply unit 
programmable and more precise in the value of 
the output voltage. The challenge of calibration in 
the output is therefore overcome by calibrating 
the output voltage digitally. This gives the 
programmable power supplies an advantage in 
precision. Consequently, the internal complexity 
of a microcontroller used in digitizing the 
reference voltages reduces the number of 
components in the circuit and also increases the 
functionality of the power supply unit.  
 
 
BASIC OVERVIEW OF THE UNIT 
 
The requirement of a regulated DC power supply 
differs widely among the various electronic and 
laboratory devices. The primary characteristics 
that need to be considered in the design of a 
regulated power supply are the output dc voltage 
(Vdc), maximum current (Imax) required by the load, 
the tolerance level and the percentage regulation 
(%Reg) allowable [2, 4, 10]. Using the block 
diagram in Figure 1, the various stages of the 
variable power supply circuit are briefly described 
as follows: 
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Figure 1: Intelligent PSU Block Diagram. 

 
 
 
The Transformer: The transformer takes the 
input supply from AC main voltage of 220v and 
steps it down to a lower voltage level of 24V.  
 
 
The Bridge Rectifier:  The AC voltage from the 
transformer is rectified using a full-wave bridge 
rectifier to give equal positive and negative 
voltages, which is needed in many circuits 
example, the operational amplifier circuits. The 
output is DC in a sense that it does not change 
polarity, but it has periodic variations in voltage 
about a steady value called ripples [18]. 
 
 
The Smoothing Circuit: The ripples are 
smoothened using a low-pass filter in the form of 
a shunt capacitor. Choosing capacitors that are 
sufficiently large, the ripple voltage is reduced to 
a low level [4]. 
 
 
The Voltage Regulator: This is the stage that 
delivers a stabilized DC voltage to the output as 
set by the control unit [15]. The regulator circuit 
provides a fixed voltage to power the intelligent 
microcontroller unit (MCU) and the reference 
voltage for stable calibrated output voltage. 
 
 
 
 

The Fixed Voltage Regulator: This unit 
regulates the 24V DC output to 5V used to power 
the control unit, the MCU, and the display unit. 
 
 
The Reference Voltage Regulator: The 
reference voltage regulator provides an eighteen 
volt (18V) reference voltage needed for 
monitoring and displaying the output voltage by 
the MCU. 
 
 
The Intelligent Control Unit: The digital control 
of the output voltage, the input, as well as the 
output display is achieved by the use of 
PIC18F2620 microcontroller unit. The PIC is a 28 
pin chip in a surface mount package, powered by 
a 5 volt source that is derived fixed Regulator Unit 
[5, 8, 13].  This particular microcontroller was 
chosen due to the relatively large number of 
input/ output pins, which enable it to be used with 
a lot of peripherals like the LCD displays, keypads 
and other low power electronic components. 
Depending on the resolution of the 
microcontroller, the output voltage can be made 
to be very accurate by setting a suitable reference 
value from 0 to 255 for the digital to analog 
converter (ADC) [8, 13]. The intelligence of the 
control unit was achieved by writing the 
appropriate code for the chip to accept signals 
from the keypad and deliver the appropriate 
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voltage reference and also, to display the output 
voltage. 
 
 
Input Unit: The value of the output that is desired 
was keyed into the power supply unit using the 
input key buttons. The key buttons of normally 
opened switches were connected to the input port 
of the microcontroller. The microcontroller uses 
the code written for the key button to scan input 
port to detect when a switch has been depressed 
and then, it carries out the necessary instruction 
that is programmed for the key [8]. 
 
 
Liquid Crystals Display Unit: LCD displays are 
commonly used in electronics as a method of 
displaying decimal numeric feedback on the 
internal operations of devices [9, 12].  LCD is a 
thin, flat panel used for electronically displaying 
information such as text, images, and moving 
pictures. Its uses include monitors for computers, 
televisions, instrument panels, and other devices 
ranging from aircraft cockpit displays, to every-
day consumer devices such as video players, 
gaming devices, clocks, calculators, and 
telephones. Among its major features are its 
portability, and its ability to produce output in 
much larger screen sizes [9]. 
 
 
DESIGN CONSIDERATIONS 
 
The Intelligent laboratory bench supply proposed 
in this work obeys the following hardware and 
software design considerations for individual sub 
units.  
 
 
Hardware Design Considerations 
 
Voltage Transformation: A 220v/24v step-down 
transformer was used to bring down the voltage 
to a conveniently low value for the PSU circuit. 
The transformer offers the special advantage in 
that it electrically isolates the power supply circuit 
from the main input supply and therefore 
eliminates risks that could occur as a result of 
working with the mains directly. The transformer 
used consists of two coils that are electrically 
insolated and arranged such that a changing 
magnetic field in the secondary coils is set up by 
an alternating electromotive force (EMF) in the 
secondary coils [17]. The frequency of the 24v 
transformer is 50 Hertz.The power output is given 
by relation: 

P = IVCosФ                  (1) 
 
 
Rectification: Rectification is obtained with the 
aid of rectifier bridge diodes which have current 
ratings going from 14 to 25A and breakdown 
voltage between100v to 1000v. Basically, the 
design considerations for a rectifier is the load 
current and the Peak Reverse Voltage (PRV) [3, 
6, 16].Therefore for the design of a power supply 
with a maximum load current of 5A with a PRV of 
vpeak which is equal to 24√ 2 v. The rectifier  
G13N251 single chip bridge rectifier was chosen. 
 
 
Filtering: The DC voltage generated from the AC 
line by rectification usually contains residue of the 
50Hz input voltage and this can be reduced as 
much as desired by means of a suitable by-pass 
filter capacitor. The chosen filter capacitor to be 
large enough to provide acceptably low ripple 
voltage rating sufficient to handle the worst-case 
combination of no-load and secondary 
transformer voltage. The ripple voltage was 
calculated by assuming a constant load current 
equal to the maximum output load current [4]. The 
ripple factor (Kr) which is the ratio of the ripple 
voltage to the peak secondary voltage of the 
transformer is design to a value of 10% since the 
worst-case line voltage variation to contend with 
is 10%[6,18]. Hence, the filtering capacitance is 
obtained from the equation given below: 
 
C = C1= C2  ≥  IDCMAX  / 2√3.kr..vpeak.2.fsupply        (2) 

                                           

5/2√3 X 0.1 X 12 √2 X 2 X 50=   8505µF 

 
Since the capacitor is to withstand a peak voltage 
of about 24√2v (peak voltage of a 24 volts 
transformer), hence, its value was chosen as:   C 
= C1  = C2 = 10,000µF, 50V,  a standard value 
obtainable in the market. 
 
 
Static Voltage: This is responsible for providing 
required power supply to the controller block as 
well as the display. A fixed three-terminal LM7805 
voltage regulator was used. It has a maximum 
input voltage of 35V, a minimum input voltage of 
7.2V, an output voltage of 5V and a current rating 
of 500mA [4, 10]. The input supply to it in this 
circuit is 24V and the current requirement is not 
more than 250mA, hence its choice for the task. 
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Reference Voltage: The PIC18F2620 requires 
18V reference voltage for comparison and 
monitoring of the output voltage [1, 7, 8, 13].  The 
LM317, an adjustable voltage regulator, was used 
for this purpose. The LM317 operates with a 
voltage difference of 1.2 between the output 
terminal and adjustment terminal and requires a 
minimum load of 10mA, so a 100ohm resistor 
was chosen which will draw (1.2/100 = 12mA). 
This same current flows through R2, R3 and R4 
to ground [2, 6].  The output was set by adjusting 
R3 to the desired voltage. 
 
 
Intelligent Control Unit: The control section of 
the hardware comprises mostly of digital 
components which require little or no calculations 
for the derivation of the components used. The 
main component of this section is the 
microcontroller. The PIC18F2620 microcontroller 
was chosen because of the large number of 
input/output data pin (28) which is required for 
this project. The large memory size (4k byte) and 
the ability to be reprogrammed via a programmer 
was also part of the design considerations [1, 8, 
13]. It has an analog to digital converter, PWM 
module, USART and extended instruction set. 
Other components of the control section are the 
digital to analogue converters (AD557JN) and the 
LM458 operational amplifier.  The micro controller 
generates the appropriate digital signal that feeds 
the Digital-to-Analog converter which is eventually 
amplified by the Op-Amp.   
 
 
The Digital-To-Analog Converter (DAC) and 
Op-Amp Design Considerations: The Vcontrol 
needed to program the power supply is obtained 
from the DAC used- AD557JN. The AD557JN is 
an 8 bit input DAC which gives maximum full 
scale voltage of 2.5V.  The reference voltage 
(Vref) was designed to have a variation from 0v to 
15v but the DAC can only supply 2.5V. This was 
amplified by the OP-Amp as shown in figure 3.1 
to get 15V.  This implies that in order to get 15V 
at the output of the OP-Amp, it must provide a 
gain of 6, to the input signal [3, 16], i.e.:   
 
Gain = Rf/R1    (3) 
 
If gain = 6, and R1 is chosen to be 1KΏ, then Rf 
was calculated as:   6= Rf/1,  therefore, Rf = 6 
(i.e., 6K Ώ). The 1Mn resistor, set the biasing 
current at the order of micro amperes. The overall 
circuit diagram is as shown in Figure 2. 
 

Software Design Considerations 
 
The program for the control process of the 
Microcontroller was written using assembly 
language and assembled using the MPASM.EXE 
software. The resulting hexadecimal file was 
blown on the PIC18F2620 using ProPIC2.EXE 
and the programmer that is connected to the 
parallel port of a computer [16]. 
 
 
TESTING AND RESULTS 
 
The intelligent PSU was calibrated and tested for 
the voltage regulation when subjected to varying 
loading conditions at an output voltage of 14.9v. 
The aim of the experiment is to determine the 
difference in the output voltage when on-load 
from no-load conditions. For the voltage 
regulation test, the output is kept constant at 
14.9v and connected to varying resistive loads. 
The percentage difference in voltage is tabulated 
in Table 1 for the voltage of 14.9v and the 
corresponding graph is plotted Figure 3. 
 
The percentage regulation is calculated as 
follows: 
 
Percentage Regulation (%) =                    
 
(Voltage on no-load-Voltage on load) x 100% 
  Voltage on no-load 
 
From Table 1, the graph of the percentage 
voltage regulations for both positive and negative 
voltage is plotted against load for both the 
positive and negative side of the power supply 
unit.  For the terminal voltage error test, the 
output voltage is varied from 0V to 14.9V when on 
no-load condition. The percentage error in voltage 
was tabulated in table 2.0 for a voltage of both the 
positive and the negative output voltage and the 
corresponding graph is plotted in Figure 4. 
 
The Percentage Error is calculated as follows: 
 
Percentage Error (%) =  
 
(Output voltage – Nominal voltage) x 100% 
  Output voltage 
 
From Table 2, the graph of the percentage Error 
for positive voltage output is plotted against the 
magnitude of the nominal positive side of the 
power unit. 
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Figure 2: The Overall Circuit Diagram for the Intelligent PSU. 
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Table 1: Values for the Percentage Regulation Output Voltages for Varying Loads. 
 

RESISTANCE (Ω) POSITIVE VOLTAGE (V) PERCENTAGE REGULATION (%) 

100.0 14.62 1.88 

200.0 14.66 1.61 

300.0 14.71 1.28 

400.0 14.77 0.87 

500.0 14.84 0.40 

600.0 14.92 -0.13 

700.0 14.92 -0.13 

800.0 14.92 -0.13 

900.0 14.92 -0.13 

1,000.0 14.92 -0.13 

2,000.0 14.92 -0.13 

3,000.0 14.92 -0.13 

4,000.0 14.92 -0.13 

5,000.0 14.92 -0.13 

6,000.0 14.92 -0.13 

7,000.0 14.92 -0.13 

8,000.0 14.92 -0.13 

9,000.0 14.92 -0.13 

10,000.0 14.92 -0.13 

20,000.0 14.92 -0.13 

30,000.0 14.92 -0.13 

800,000.0 14.92 -0.13 

900,000.0 14.92 -0.13 

1,000,000.0 14.92 -0.13 
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Figure 3: Graph Showing the Plot of Positive Percentage Voltage  
Regulation against Load. 
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Table 2: Values for the Percentage Error of the Nominal Voltage and the Output Voltage. 
 

NOMINAL  POSITIVE            
VOLTAGE 

POSITIVE OUTPUT 
VOLTAGE 

PERCENTAGE ERROR (%) 

0.0 0.004 0.4 

2.0 1.990 -1.579 

3.0 2.933 -0.250 

4.0 3.980 -0.500 

5.0 4.990 -0.200 

6.0 6.020 0.333 

7.0 6.980 -0.286 

8.0 7.990 -0.125 

9.0 9.044 0.487 

10.0 9.980 -0.200 

11.0 10.980 -0.182 

12.0 11.980 -0.167 

13.0 12.964 -0.276 

14.0 13.970 -0.214 
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Figure 4: Graph Showing the Percentage Error against Output Voltage. 
 
 
 
From the result obtained from the graph, it can be 
observed that the percentage voltage regulation 
for the power supply unit is constant for values of 
resistance not lower than 500Ω, because these 
values cause the voltage to vary as much as 
1.88% in the positive side and 1.54%  for the 
negative side. Therefore, it can be concluded that 
the power supply unit is more stable to load 
resistance greater than 500Ω at the voltage of 
14.9v. 
 
From Figure 4, the percentage error is quite large 
for voltages less than 2v when compared to 
higher output voltages. This can be attributed to 
the higher sensitivity of the smaller voltages. 

CONCLUSION  
 
This work has successfully presented a 
functional, low-cost intelligent laboratory bench 
power supply unit using the PIC18F2620 
microcontroller. The use of the microcontroller for 
this design reduces the size and hence the cost 
of the unit. The PIC was successfully 
programmed to facilitate control of both the input 
and the output voltages. The tests carried out on 
the project proved that the project is stable, 
reliable and accurate. 
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RECOMMENDATIONS 
 
It is recommended that future work should 
improve on the voltage variation of the output. 
Also, the voltage variation could be made to vary 
in fractions of voltage in order to make it more 
sensitive. 
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