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Design and Construction of a Low Cost Automatic Emergency Light 
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Abstract 
 

It is intended to construct a low cost automatic LED emergency light. The system 
mainly comprises twelve LEDs, LM317, BC548 npn transistor, BD140 pnp 
transistor, zener diode, 0 - 9V step-down transformer and 6V Li-ion battery. The 
white LEDs provide very bright light which turns on when the mains supply is not 
there.  The system has an automatic charger which stops charging when the battery is 
fully charged.  The IC LM317 produces a regulated 7V for the charging of battery. 
Transistor BD140 drives the output.  Transistor BC548 and zener diode controls the 
charging of the battery. 
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Introduction 

 
Today, demand for the saving of electricity is growing.  It is based on the 

principle of providing light when the power is cut off.  This is accomplished by the use of 
automatic charger which gets charges when power supply exists.  When the battery is 
fully charged it stops charging.  In case of power failure, the LEDs glow automatically 
with the supply provided by the charged battery. 

This project is working on two major processes:  it turns on automatically when 
the main power fails and its battery starts charging as soon as mains resumes.   

Electricity is generated by private generator and power delivery time is restricted 
in some villages. Thus the emergency lights are used in there. In industries as well as in 
household applications an emergency light is employed where there is frequent non 
uniform voltage distribution occurs.  Many types of emergency lights from rechargeable 
torches to systems like generators are available in market.  All of them require a switch to 
operate them when frequent power failure occurs. 

The present one deals with a model which senses the mains as well as daylight to 
switch on the emergency light.  There is no need to search the switch in the dark as it 
switches on (or) off automatically.  The block diagram of the circuit is shown in figure 1. 

                           
Figure 1 The block diagram of the automatic emergency light circuit 
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Experiment  

Circuit Operation 
Here is a white-LED-based emergency light that offers many advantages:  It is 

highly bright due to the use of white LEDs.The light turns on automatically when main 
supply fails, and turns off when main power resumes.  It has its own battery charger. 
When the battery is fully charged, charging stops automatically. The circuit comprises 
two sections: charger power supply and LED driver. The charger power supply section is 
built around 3-terminal adjustable regulator (IC1) LM317, while the LED driver section 
is built around transistor BD140 (T2).  The circuit diagram is shown in figure 2. 

 

 
Figure 2 Circuit diagram of automatic LED emergency light 

In the charger power supply section, input AC mains are stepped down by 
transformer to deliver 9V, 500mA to the bridge rectifier, which comprises diodes 
(IN4007x4). Filter capacitor (25v/1000µF) eliminates ripples. 

Unregulated DC voltage is fed to input pin 3 of IC1 and provides charging current 
through diode IN4007 (D5) and limiting resistor (16ohm) R16. By adjusting preset 2.2K 
(VR1), the output voltage can be adjusted to deliver the required charging current. When 
the battery gets charged to 6.8V, zener diode conducts and charging current from 
regulator (IC1) finds a path through transistor BC547 (T1) to ground and it stops 
charging of the battery.  

The LED driver section uses a total of twelve 10mm white LEDs.  All the LEDs 
are connected in parallel with a 100-ohm resistor in series with each. The common-anode 
junction of all the twelve LEDs is connected to the collector of pnp-transistor T2 and the 
emitter of transistor T2 is directly connected to the positive terminal of 6V battery. The 
unregulated DC voltage, produced at the cathode junction of Bridge (Diodes), is fed to 
the base of transistor T2 through a 1k resistor. The mains power supply, when available, 
charges the battery and keeps the LEDs on. When main fails, the base of transistor T2 
becomes low and it conducts.  This makes all the LEDs (LED1 through LED12) glow. 
During main’s failure, the charging section stops working and the battery supply makes 
the LEDs glow.  
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PCB Design 
Assemble the circuit on a general-purpose Printed Circuit Board (PCB) and 

enclose in a cabinet with enough space for battery and switches. Figure 3 (a), (b) and (c) 
shows PCB design of the circuit. 

 

 

 
 

 
 

 
 

 
 

Figure 3 (a) PCB circuit design at soldering side 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3 (b) PCB circuit design at components side 
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Figure 3 (c) PCB circuit design at soldering and components side 

Circuit Construction 
 Construction has always been the most essential segment for any circuit to be 
done. After getting PCB board, holes are drilled by drilling machine and mounted the 
components and LEDs on the PCB board such that they light up the room.  Figure 4 (a), 
and (b) show PCB board of the circuit. 

 
 
Figure 4 (a) PCB board at soldering side 

 
Figure 4 (b) PCB board at components side 

The testing of the circuit has done with twelve 10mm white LEDs. More LEDs provided 
the total current consumption does not exceed 1.5A. Driver transistor T2 can deliver up to 1.5 A 
with proper heat-sink arrangement.  Finally successful circuit is obtained.  Figure 5 shows the 
complete circuit on the PCB board and figure 6 shows the operation of the circuit. 
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Figure 5 The complete circuit on the PCB board 

  
Figure 6 The operation of the circuit. 

Discussion and Conclusion 
 The default power source is AC main line and the 6V Li-ion battery is the 

secondary source.  The secondary source will operate only when there is no operation of 
the primary source. The circuit is designed two functions simultaneously.  One function 
is to switch on the light and the other is charging the battery.  Thus, it does not take the 
additional charging time and the LED lights still light up although the electricity from 
AC main line cut off. The operation theatre needs the continuous light when surgeons do 
the operations.  Banks and supermarkets also need to light up during their working times 
for security. Therefore, the modified automatic LED emergency light can be applied in 
those places.  It can be used in child’s study rooms to avoid the sudden power failure.  It 
can also be used as an emergency lamp in homes. It is a very simple circuit and the cost 
is very low.  The power consumption is very much lesser than the usual lamp, bulb and 
electrofluorescent lamp.   
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Fabrication and Characterization of Hybrid Photovoltaic Cell with 

PANI:ZnO 
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Abstract 
 

Hybrid photovoltaic cell was fabricated with polyaniline (PANI) and zinc oxide (ZnO). To 
study the microstructure of PANI:ZnO film, scanning electron microscopy (SEM) was 
used. From the SEM image some are flower liked and most are circular shaped particles 
were observed. The surface roughness of the film was 190.5 pm2 from the atomic force 
microscopy (AFM) image. The band gap energy was calculated from the spectrum of UV-
vis spectroscopy which studying the optical properties of the film. The band gap energy of 
the synthesized film was 3.15 eV. Finally, the power conversion efficiency was 1.12 % 
calculated from the current voltage measurement under illumination. Hybrid solar cells 
attract attention due to their potential of providing environmentally safe, flexible and 
inexpensive. 

Key words: SEM, AFM, UV-vis  
 

Introduction 
 

Transparent conductive oxides (TCOs) have unique properties that combine both high 
transparency and high conductivity. In the majority of semiconductors, conductivity and 
transparency are repulsive and oppose each other. In TCOs, the large band gap (≈ 3.4 eV) 
makes them transparent to the region of interest in the solar applications and the non-
stoichiometry  results in high free charge concentration and then high conductivity. Indium 
tin oxide (ITO) is widely and commercially used as TCO material, but indium is a scarce 
element on Earth, and is toxic. Polyaniline (PANI) is one of the best, facile and conductive 
polymers with feasible stability against the environment. PANI is naturally a p-type material 
with an optical band gap of about 3 eV. PANI:ZnO has gained a lot of interest for its 
luminescence properties and UV detection.  

Organic/inorganic hybrid solar cells incorporating polymers have attracted the 
growing interest of researchers and industries due to their simple fabrication procedure and 
relatively high efficiency. Hybrid solar cells are usually made of p-type polymers deposited 
on n-type inorganic semiconductors. In a hybrid solar cell the incident light is primarily 
absorbed by the n-type inorganic semiconductor substrate and a hole transport layer (HTL), 
made from a thin organic layer is used to extract the holes generated in the inorganic 
substrate and selectively transport them into the metallic anode from where they flow into the 
external circuit. For the organic part, conducting polymers are used, because of their optical 
and electrical properties and possible flexibility  
Experiment  

Synthesis of Polyaniline (PANI) Polymer  
Polyaniline has been synthesized salt from aniline, ammonium peroxy disulfate (APS) 

and HCl. 40 ml of aniline and 10 ml of 1 M HCl solution were mixed and stirred for 1 hr at 
room temperature. After stirring, 20 g of APS solution was added at a rate of 5 drops per min 
and stirred again for 2 hr. And then precipitate at room temperature. The precipitate was 
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washed with ethanol, acetone and DI water. The specimen was annealed at 100 ºC for 5 hr 
and sieved to get fine PANI nanoparticles.  

Zinc Oxide Nanoparticles Preparation 
From zinc acetate and polyvinyl alcohol, zinc oxide nanoparticle was prepared by 

polymerized complex method. Zinc acetate and polyvinyl alcohol (6 mol : 3 mol) were mixed 
and was poured slowly into the solvent which contains 70% ethanol and 30% de-ionized 
water. The mixture was stirred until milky white solution and then stirred at 80 ºC, the milky 
white solution was changed into clear solution. The clear solution was transformed into gel 
like mixture for 1 hr and continuosly heated at 120 ºC for 1 hr to evaporate the solvent and 
form a hard homogeneous gel. This specimen was annealed at 500 ºC for 1hr, ZnO 
nanoparticles were obtained.  

Structural Characterization of ZnO and PANI 
The phase analysis, powder structure, crystallographic investigation and lattice 

parameters for fabricated samples were determined by XRD technique. The XRD spectrum 
of ZnO samples was indicated in figure 1.                    In this spectrum, eleven diffraction 
patterns were observed and all of these  were consistent with standard ZnO.  The synthesized 
ZnO was hexagonal wurtize structure and its crystalline size was 32.49 nm.  

The XRD spectrum of polyaniline (PANI) samples was indicated in figure 2. The six 
diffraction patterns in the XRD spectrum were consistent with standard polyaniline but the 
two extra peaks of (100) and (110) was observed and it was due to formation of poly 
(aminobenzene). The synthesized materials were orthorhombic structure. In this spectrum, 
(110) diffraction plane was the most intense. The calculated values of average particle size 
PANI was 36.19 nm. 

 

 
 

 
 

 
 

 
 

Figure 1  XRD profile of ZnO 
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Figure 2 XRD profile of PANI 

Preparation of Nanocomposite Films 
 Nanocomposite films of inorganic materials ZnO with PANI were prepared by mixing 
(1:2) weight ratio. At first, the desired composition of inorganic materials (ZnO), organic 
material (PANI) and solvent (2-methoxythanol) were mixed and the mixture was stirred with 
magnetic stirrer for 1 hr. To get homogeneous mixture, this solution was refluxed with water 
bath at 100 ºC for 1 hr. Before the deposition of thin film, the substrate ITO coated glass was 
also cleaned with ethanol, acetone and deionized water respectively. After that 
nanocomposite mixture was deposited on ITO substrate by spin coater machine with 3000 
rpm for 60 s. After heated at 400 ºC for 1 hr and dried at room temperature, a good 
nanocomposite film was obtained.  

Microstructural Properties of Nanocomposite Films 
The microstructural properties of fabricated nanocomposite films were studied by 

Scanning Electron Microscopy (SEM). Figure 3 showed the SEM images of respective 
nanocomposite films. In this figure, mixture of particles and some flower like morphology 
were observed. The surface morphology was smooth and dense. The agglomeration of 
particles was a little high but circular shape particles were observed.  

 
Figure 3 The SEM image of PANI-ZnO film 
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AFM studied of Nanocomposite Films 
To study the morphological and surface roughness of the nanocomposite film, atomic 

force microscopy (AFM) technique was used. The AFM image of nanocomposite film was 
shown in figure 4. In this figure, the film was accompanied by picometric roughness. The 
picorange (10-12) of root mean square roughness of the active layer show that the 
improvement of exciton dissociation and has a significant effect on the performance of OPV. 
It was found that the interlayer of the active layer is smooth.  The surface roughness for 
PANI:ZnO films were 190.5 pm2.  

 
Figure 4 AFM image of PANI-ZnO film 

UV-vis Absorption Study of Nanocomposite films 
The optical properties and energy band gap value of the functionalized PANI:ZnO 

film  was characterized by UV-vis microscopy. The absorption spectrum of PANI:ZnO film 
was shown in figure 5. From the spectrum, an excitonic absorption peak was noted at 
wavelength of about 300 nm. It was found that the film showed good absorption level 
between 300 nm and 700 nm wavelength in the UV-range.  In the spectrum of PANI:ZnO 
film a wide range of absorption nature was observed. Therefore, it indicated that the 
absorbing nature of material was high. From UV spectrum, the calculate value optical 
bandgap of PANI:ZnO was 3.15 eV and it is good for construction of hybrid photovoltaic 
cells.  
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Figure 5 Optical absorption spectrum of PANI-ZnO film 

Photovoltaic Cell Performance of Nanocomposite Films 
Current-voltage measurements were performed, under illumination in order to 

determine the performance and electrical characteristics of the photovoltaic devices. The 
current voltage characteristics of PANI:ZnO film PV cell under illumination were shown in 
figure 6.  

In these figures, the current density – voltage characteristic showed photovoltaic cell 
nature. The increased voltages and the current density were probably caused by the 
introduction of the hybrid of organic polymer and inorganic nonomaterials layers, due to the 
difference in work function between ITO electrode and these layers. Moreover, the cell 
efficiency can be improved by reducing the surface roughness of the hybrid photovoltaic 
cells, because the smoother the layer, the more increased the current density and the larger 
donor-acceptor interfacial area in the active layer. The calculated solar cell parameters such 
as open circuit voltage (Voc), short circuit current density (Jsc), maximum current density (Jm), 
maximum voltage (Vm), fill factor (FF) and energy conversion efficiency () were listed in 
table 1. 
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Figure 6 J-V characteristic curve of PANI-ZnO film 

 

Table 1 Photovoltaic cell parameters of PANI:ZnO hybrid Cells 
 

 
 

 
 

 
 

 

 

 
 

Conclusion 
PANI-ZnO nano cell has been successfully fabricated by spin coating method. The 

particles size of synthesis materials of ZnO and PANI were 32.49 nm and 36.19 nm 
respectively. Compact distribution of micro size well defined particles was observed in AFM 
image and its surface roughness was 190.5 pm2. According to AFM and SEM results, it was 
clear that the PANI:ZnO materials has good crystallinity. The absorption edges obviously 
showed that the wavelengths of PANI:ZnO films caused between 300 nm and 700 nm. The 
calculated energy band gap value of PANI:ZnO film was between 3.15 eV and it is suitable 
for HOPV. The energy efficiency of fabricated PANI:ZnO film was 1.12 %. Therefore, it was 
observed that polymer polyaniline can provide the photovoltaic properties of inorganics 
PANI:ZnO hybrids photovoltaic cells. In summary, it was observed that the nanostructure 

Parameter PANI:ZnO 

Vm(mV) 271 

Jm(Acm-2) 60.1 

Voc(mV) 395 

Jsc(Acm-2) 86.3 

FF(%) 48 

 (%) 1.12 
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PANI:ZnO hybrid photovoltaic cells was fabricated by simple and cost effective method. 
Thus, the present research exhibited more environmentally safe, flexible and technically 
simplicity to promote application in the hybrid photovoltaic cell. 
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