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ABSTRACT 

 

Radio Frequency Identification (RFID) is used for identification of object 

since World War II, when English airplanes are distinguished with Germans’ by using 

the technology. Presently, RFID application is used widely in control inventory, 

pharmaceutical, medical field and manufacturing lines. The capability of RFID has 

evolved from passive to active tags. Active RFID tag is powered by a rechargeable 

battery which is not efficient since the battery need to be frequently charge and 

replace. This report proposed an alternative power generator charger for the tag to 

increase the battery efficiency. Photovoltaic cell is used as energy harvester to absorb 

ambient light energy and convert it to electrical energy. The power generated is 

directly use to charge a battery continuously under ambient light.  LTC3105 DC/DC 

and LT1073 Step up converter is experimented to boost the voltage and current from 

battery cell in order to produce an output of 3.3V 40mA as minimum requirement to 

power RFID Tag. The charging battery is capable to power RFID tag without being 

charge frequently. This project comprises the theory of power and energy, 

communication system and microelectronics. Mono-crystalline type of PV cell are 

used as the cell have high efficiency. Risk and contingency while doing this project is 

discussed and recommendation is made to counter the problem. 
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 CHAPTER 1 

INTRODUCTION 
 

1.1 Background of Study 

 

Monitoring and tracking human, equipment, animals and objects require reliable and 

continuous monitoring system. The system shall be able to be used at any circumstances 

without any disturbance. Critical data collection such as patient temperature, blood 

pressure and heart rate in the hospital are currently being done manually which requires 

physical logging. This practice is less efficient since the users have to be closed to the 

data source. In order to enhance the efficiency, vast research on application of Radio 

Frequency Identification (RFID) in patient monitoring, tracking and identification is 

being done [1].  

 

RFID device will be worn by patients and it shall monitor the patient temperature, blood 

pressure, and heart rate at regular intervals and the signals will be transmitted to a host 

computer. When the measured reading exceeds the predefined limit, alert will be 

generated by the host computer and the nurses or doctors on duty will get a notify SMS. 

This device shall also track the exact place of patients and staff whereabouts and alarms 

will be triggered when they approach undesignated areas inside the hospital. 

 

Apparently, the current RFID tags is powered by normal battery or lithium ion battery to 

operate the device. However, these batteries have to be frequently charge as it does not 

last long. In medical field, using a normal battery for power source is not practical since 

there is a need for a continuous power supply. Therefore, this research work is proposing 

a solution in order to address this power supply issue for RFID tag to efficiently monitor 
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the temperature, blood pressure and heart rate as well as patients tracking in real time 

remote or automatic in the hospital.  

 

Energy harvesting device such as solar photovoltaic, thermoelectric and piezoelectric 

have potential to be incorporated with active RFID monitoring system to prolong the 

battery life. This device capture unused ambient energy and convert it into electrical 

energy. This method may reduce the dependency on battery power whilst correspond 

with the government’s approach to introduce ‘Green Technology’ applications by 

utilizing natural energy source for daily usage.  

 

This project is incorporating means of power supply generated from solar powered 

rechargeable battery into active RFID monitoring devices which makes our invention 

unique and different from what is available in the market. The solar powered 

rechargeable battery is capable of converting the light or photon from the sun and 

surroundings to generate power. The excessive power then will be stored within battery 

installed in the device for the use during night or dark condition. From this method, we 

could obtain continuous and uninterruptable power supply day and night.  

 

1.2 Problem Statement 

 

Active RFID tag is currently using battery as its internal power source. This system has 

its drawbacks as follow: 

 

 The battery lifetime is brief since the sensors integrated in the RFID device such 

as temperature and noise sensor consumed high power. 

 The maintenance cost for an active RFID tag in a long term is very expensive 

because the battery need to be recharged and replaced frequently. 

 Battery outages in active RFID tag may result in security issue due to interruption 

in monitoring especially in medical field. 

 Battery outages also cause misreads and confusion and the cost for reconstruction 

is high.  
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1.3 Objectives 

 

The objectives of this project are: 

 

 To design and develop an alternative power generator charger using photovoltaic 

cell which can charge a battery indoor. 

 To design a booster with a minimum output voltage of 3.3V and minimum output 

current of 40mA to power up an active RFID tag.   

 To minimize the battery usage by more than half which shall induce cost effective 

tags, suitable for any application. 

 To improve the reliability of an active RFID tag battery, in term of its 

effectiveness, safety, and longevity. 

 

1.4 Scope of Study 

 

The scope of study shall comprise: 

 

 Communication system 

Study on communication system can help to understand the characteristics of 

radio frequency, and the interference that involves within active RFID system.  

 Microelectronics  

Microelectronics involve in study of the circuit, configurations and specifications 

of the active RFID hardware such as field generators, reader and tags. Also, the 

circuit of active RFID tag and solar system will be studied.  

 Power and energy 

The study on power and energy shall help to understand the characteristic of solar 

power and PV cell as well as its configuration in order to integrate the circuit 

designed with an active RFID tag as an alternative power source. 
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CHAPTER 2 

LITERATURE REVIEW 

 

2.1 RFID 

 

System that wirelessly transmits identity of an element in a unique serial number pattern 

using radio waves is called RFID. It consists of two separate components which is a tag 

as transponder and a reader as a transceiver. The tag is similar to a barcode label. It 

contains an antenna connected to a small microchip. The reader in other hand functions 

similarly to a barcode scanner but to scan, RFID scanner use electromagnetic waves 

while barcode scanner uses laser beam. Data transmission occur when the scanner 

antenna transmits a signal to communicate with the tags antenna. The tags antenna then 

transmits the specific chip information to the scanner [2]. 

 

 

Figure 1: RFID System 
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Concurrently, there are two types of memory used to store data in the chip which are 

Read-Only Memory (ROM) and Read/Write Memory. ROM is the most common 

memory used. As its name suggest, the memory or data can only be programmed onto the 

chip during manufacturing process. In contrary, Read/Write Memory can be later altered 

after programmed during manufacturing by using certain device. RFID communication 

involve two way radio frequency communication process between the transceiver and 

transponder via wireless air interface. Both of them need to be turned to the same 

frequency in order for the device to communicate [3]. 

 

 

2.1.1 RFID Tags 

 

RFID tags composed of two main components which is a micro silicon chip which is an 

integrated circuit that have identification number and an antenna that able to transmit and 

receive radio waves. Both of these components can be in a small size: The chip can be 

less than half millimeter and the antenna is made of a flat, metallic conductive coil. 

Usually, both components are attached to a tag made of plastic that can be mounted to a 

physical item. The tag can be small, thin, and it is increasingly easy to be embedded 

within practical devices [4]. 
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Generally, there are three types of RFID tags which are active, passive and battery 

assisted passive RFID tags. Table 1 shows the difference of these three types of tags [5]. 

 

Table 1: Types of RFID Tags 

Type of RFID Tags Difference 

Active - Powered by a battery  

- Able to transmit signals autonomously. 

Passive - Does not powered by battery 

- Transmission of signal need to be provoked 

by external source. 

Battery assisted passive - Transmission of signal need to be provoked 

by external source but forward link 

capability is still significant which can 

provide a great read range. 

 

This project will be focusing on active RFID tags only. 

 

Active RFID tags is powered by a portable power supply which enable it to amplify 

signal from the reader and transmitting data autonomously. It has a longer reading range, 

up to 100 feet and does not require the data processing section to be energize by RF 

carrier signal [6]. Active tags is able to hold more data and have the can store data from 

the reader. Microprocessors controls the data processing and protocols. Active tags is 

expensive compared to a passive one and it only come in bigger size. However, the 

ability of an active tags which can be programmed and used repetitively make it the 

researcher preference for future innovations.  

 

In order to optimize the energy usage of an active RFID tag, sleep mode is introduced. 

Referring to the optimal protocol, no energy loss will be experienced if this mode is to be 

apply by RFID tag. The energy is only optimized when the tag is transmitting and 

receiving information to and from the RFID reader respectively. The tag shall enters 

deep-deep sleep mode for a predetermined time when it received an acknowledgement 
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message from RFID reader. Figure 2 shows the basic state operation for an RFID tag 

executing the optimal protocol. Based on the figure, the power consumption for all 

described protocols is less during deep-sleep and sleep mode compared to the wake 

mode; when the tags is receiving and transmitting [7]. 

 

  

 

 

Sleep 

random 

time (RT),  

RT < cycle 

Transmit 

on random 

channel f0 

or f1 

Sleep  

Deep Sleep  

Receive 

Wake 

Time out 

Received one 

packet 

Wake 

Wake by the 

presence of an RFID 

reader 

Figure 2: Optimal Protocol State Diagram 
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2.1.2 RFID Systems in Medical Field 

 

Prior to RFID systems, barcodes have been used in health care successfully. In 2006, 

approximately 70 percent containers used for medication was installed with barcodes [8]. 

Also, barcodes is used for identifying patients and staff. Still, barcodes system require a 

line-of-sight scanning and real time tracking cannot be used. Tearing, wrinkling and 

wetting of barcodes shall also decrease the level of the codes readability. The 

advancement of technology have introduced RFID system which is believed can replace 

the barcodes system especially in critical sectors such as hospital since it does not need 

line- of-sight scanning, resistant to moisture and tearing and make real time tracking 

possible.  

 

A pilot program was held at Harvard Medical School on a barcode and RFID hybrid 

system which is known as Harvard hybrid system [1]. The findings of this pilot program 

showed that active RFID tags can be used for real time tracking of patients, staff and 

equipment. In other hand, passive RFID tags is useful to identify patients especially 

during night when the patient is sleeping since scanning can be done without interrupting 

them compared to the previous patients identified using barcodes wristbands. 

 

Other research and innovation include an application named Galway RFID which was 

developed in Ireland at University College Hospital Galway [1]. This application uses 

RFID, IEEE 802.11b wireless networks, and handheld devices aims to speeds up and 

eases the access to patient data.  Furthermore, a collaboration between Intel, Cisco 

Systems, Autentica and Hospital of San Raffaele in Milan conducted a pilot system 

which aim to enhance blood transfusion safety by using RFID. Every year, more than 

15000 blood transfusions delivered and the safety of the process was enhance by using 

the system. Patients and staff worn a secure RFID badges or wristbands that installed 

with their encrypted data to be identified.  
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2.2 Energy Harvesting  

 

Energy harvesting is the act of harnessing ambient energy from surrounding environment 

and convert it to electrical energy for any useful applications. This action is possible by 

referring to the theorem of energy conservation, which states that in any isolated system, 

the total energy will not change but it shall conserved over time. There are abundant of 

free energy that are being wasted every single day. They exist in many forms such as 

wind energy, solar energy, kinetic energy, hydropower, thermal energy and radio-

frequency (RF) energy. 

 

New technology breakthrough have come out with more efficient methods to convert 

these free energy into useful electrical power. Each source of energy need a specialized 

technology for the conversion to take place efficiently. Some energy sources are able to 

harness huge amount of power (kW to MW) while some can only harvest small amount 

of power (µW to mW). These techniques are called macro-energy harvesting and micro-

energy harvesting respectively. Macro-energy harvesting have advantage in generating 

large amount of power but they are large, expensive and hard to handle. In contrary, 

micro-energy harvesting is small, inexpensive and lightweight make it easily handle by 

user. Table 2 shows the categorize energy harvesting sources as discussed above. 

 

Table 2: Nominal Power from Energy Harvesting 

Type of Energy 

Harvesting 

Source Nominal Power Generated 

Macro-energy Hydropower 10 kW/cm2 

Wind 7.5 kW/cm2 

Solar 7.4 kW/cm2 

Micro-energy Solar 10 mW/cm2 

Thermal 5 mW/cm2 

Kinetic 10 µW/cm2 

Radio Frequency 0.1 µW/cm2 
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Based on Table 2, solar has the capability to be used as energy source for both types of 

energy; it depends on the type and size of solar panel used. Under modern technique of 

micro-energy harvesting, automatic power system design is made feasible. The system is 

designed to be independent to any external influence which work great for a sustainable 

power system. Back in a few decades, sustainable power system were infeasible. The 

amount of generated power need to be greater than amount of consumed power. In order 

to overcome the barriers, power management circuit was introduced to increase the 

system output power.   

 

2.3 Solar Energy Harvesting 

 

Solar energy is free and abundant in almost all parts of the world. The earth received 

1.8x1011 MW from the sun which is higher than current commercial energy sources 

available in the world. A solar powered system comprises of the four main components. 

They are external surroundings, solar panel or collector, energy storage and the load 

system. The solar collector collect solar energy from surrounding and convert it to 

electrical energy. The energy storage which is connected to the load is used as an 

intermediary to vary energy income. However, the methods these modules are connected 

and implemented depend on the application which they can vary tremendously. 

 

For macro-energy generation, large solar panels is used. 100-mm photovoltaic (PV) cell 

can harvest approximately 1 mW power. Typical efficiency is 10% and the capacity 

factor of PV sources is roughly 15% to 20%. For micro-energy generation, maximum 

power point tracking (MPPT) technique is used to absorb or collect maximum power 

from a single solar module. MPPT is the most important part of solar energy harvesting. 

It took DC input from PV cell, convert it to AC and change it back to a DC voltage and 

current which will then match the PV module to the battery. 

 

Maximum power point (MPP) is an important specification of a PV module. It is the 

voltage when PV module generate maximum power. The main objective of having MPPT 
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is to ensure the solar cell operate at it most efficient voltage. However, MPP varies with 

surrounding temperature, solar radiation and solar panel temperature. Figure 3 illustrates 

a solar cell I-V curve. MPP line intersects the knee of the curves. At that point, slope of 

the line is equal to the I/V ratio and dP/dV = 0 , where dP/dV is the change in power with 

respect to voltage of the solar cell.  

 

 

Figure 3: Solar Cell I-V Curve 

 

2.3.1 Photovoltaic Cell (PV) 

 

When a PV cell strikes by sunlight, electrons will be released from the photons of the 

sunlight absorbed by the cells. The free electrons will then spread through the cell, filling 

the cell with holes. The electricity is generated by the movement of the free electrons and 

holes. The process in which sunlight is converted into electricity by a PV cell is called 

photovoltaic effect. A single PV cell normally can generate maximum power of 2 watts 

which is even not enough to power a calculator. PV cells are therefore connected together 

either in series or parallel to form a larger modules called arrays to increase the output 

power. The method of modular nature of PV has turned various applications powered by 
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a solar system into realization [9]. In whole, when the area of PV module or array is 

increased, the electricity generated will also increase.  

 

Figure 4: Basic solar system 

 

Major advantage of PV cells is that they can directly convert solar radiation into 

electricity. Thus, no mechanical movement of any parts and extreme procedure shall take 

place in the electrical generation process. Other advantages of using PV are it offer zero 

pollution since the energy source comes from the sun which is natural, always free and 

available every day. The power generated by PV modules varies from microwatts to 

megawatts [10]. PV produces a flexible energy source and also, its lifetime period is 

long. 
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2.3.2 Existing Integration of RFID and Solar 

 

Currently, there has been integration made between solar and RFID. A Lockheed Martin 

company named Savi Technology has begun deploying solar powered onto the company 

products: RFID reader and signposts [11]. These new technology helps customers 

especially in defense and commercial sectors to reduce cost by conversing natural energy, 

and at the same time supplies can be tracked in real time. The utilization of solar energy 

increase the energy efficiency and it is environmental friendly besides help to reduce the 

need to build electrical infrastructure in isolated and remote areas. This technology 

basically use large PV panels to generate electricity thus the energy generated is 

sufficient to power the RFID in whole. In contrary, integration of solar with an active 

RFID tag require a small PV panels which shall be a challenge since the power generated 

might be insufficient.   

 

Research also being done by former UTP student on dual powered active RFID tags by 

using solar. Experiment was done on three different size of PV cells to measure the 

output voltage and current produced [12]. The result show that the current produced by 

small PV cell is insufficient to power up an active RFID tag. Though the output current 

of medium sized PV cell is enough, the size of the panel is considered not applicable to 

be mounted on the RFID tag. Thus research will be done in this project to encounter the 

stated problem.   
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2.4 Step-Up Converter 

 

Energy harvester such as photovoltaic cell, thermoelectric generator and piezoelectric can 

produce a minimum energy which is absorbed from ambient surrounding. This energy 

need to be stepped up by using a suitable step-up converter to produce a desired voltage. 

Step-up converter is a DC-DC switching converter which comprise of switches, inductor 

and rectifier[13]. It convert low input voltage to greater output voltage. When PV cell is 

used with DC/DC step-up converter, the maximum achievable power form the cell is 

extracted to utilize its power rate[14].  

 

The basic principle of a step-up converter is the propensity of an inductor to create and 

eradicate magnetic field to refrain from current changes. The output voltage is controlled 

by regulation in which a lot of IC is designed for this function. The typical step-up 

converter is LM27313 manufactured by Texas Instrument. The IC is suitable to be used 

with low power application such as autonomous device, mobile phones, cameras and 

PDAs. 

 

The rapid evolution of technology has resulted with a more compatible step-up converter 

such as LTC3105 and LTC3108 manufactured by Linear Technology. Mihail et. Al in 

their research used LTC3105 to harvest energy form thermoelectric generator to charge a 

Lithium ion battery [15]. LTC3105 requires a low input voltage ranging from 0.2V to 5V 

and able to produce voltage of 5.25V with output current of 100mA. This IC is suitable to 

use with any energy harvester which produce very low voltage and current to power up a 

low power autonomous device. 
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CHAPTER 3 

METHODOLOGY 
 

Research has been done through journal, internet and books to achieve the objectives of 

this project. There are three major steps or works done during FYP which are defining 

problem, research and analysis and come out with results. The explanation of stated 

works are as below: 

 Defining problem 

Critical data collection such as in medical field need to be accessed at any 

circumstances and time without any disturbance. Active RFID Tag powered by a 

rechargeable battery is currently being experimented to be used in this field. 

However, it is not efficient since the tag need to be charged frequently and 

disturbed the monitoring system. Thus, this project will use solar cell to 

continuously charging the battery indoor which shall help to avoid system 

disturbance and at the same time initiate the usage of green energy. 

 

 Research and analysis 

The type of solar cell to be used is crucial as each type of solar cell will give 

different power efficiency. Research and experiment have been done to choose 

the best type. Furthermore, the criteria and specifications of other materials for 

prototype building are considered based on their performance, size and quality to 

support the production of green energy charger. 

 

 Results 

Designed prototype is experimented to test the solar cell performance in order to 

charge a rechargeable battery. The result shall indicate if the objective is 

achieved. 



16 
 

3.1 Project Workflow 

 

Figure 5 shows the overall project flow chart which start from collecting data until final 

model fabrication. After analyzing the data, circuit is design and simulate by using 

suitable simulator. Component shall be assembled and tested and if the designed circuit 

fail to produce desired output, the circuit will be redesigned. Below is the detailed 

procedure. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Data Gathering and Analysis 

Circuit Design 

Start 

Testing 

Proceed to real model fabrication 

End 

Fail 

Design simulation 

Assemble of component 

Figure 5: Project Flow Chart 

1. All beneficial information and data 

are collected from sources such as 

technical paper, research paper, and 

component data sheet in order to 

understand theory and specification. 

2. Design and simulate the booster 

circuit using LTSpice simulator, in 

order to produce output of 3.3V 

40mA. 

3. Assemble all components and start 

with testing phase. 

4. Conduct a test on the designed circuit 

continuously and repeat step 2 to 5 

until the desired result is gained. 

5. Integrate the circuit with an active 

RFID tag.  
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3.2 Tools and Components 

 

3.2.1 Solar cell 

 

The solar cell must properly choose to achieve the highest output efficiency. Mono-

crystalline solar cell is chose as it has the highest output efficiency compared to other 

types of solar cell. Research on the efficiency of solar cell based on type is done and the 

result are based on Table 4. 

 

Table 3: Efficiency of Solar Cell based on type 

Type of Cell  Efficiency (%) 

Mono-crystalline  12-15 

Polycrystalline  11-14 

Amorphous Silicon 6-8 

 

 

 

Figure 6: Mono-crystalline PV Cell 
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This solar cell was built from highest quality materials. Table 5 shows the specifications 

of this cell. 

 

Table 4: Specification of Solar cell 

Type Mono-crystalline Silicone 

Peak power (Pmax) 3.5W 

Weight 50g 

Measurement 80mm x 40mm 

Maximum open circuit voltage (Voc) 7V 

Maximum short circuit current (Isc) 0.50 A 

 

3.2.2 DC/DC Step-Up Converter 

 

Two types of step-up converter are experimented and the converter that give the best 

efficiency is to be used in this project. They are LTC3105 and LT1073 Step-Up DC/DC 

Converter. Both of them is a versatile micro power DC/DC converter which can be used 

as a buck or boost converter. Both converters are used to step up the voltage from 1.2V 

rechargeable battery to produce output of 3.3V 40mA. LTC3105 is an adjustable 

converter. It can operate under 0°C up until 85°C and over temperature protection is 

included to protect the device in overload condition. In other hand, LT1073 is a fixed 

value DC/DC converter which can deliver 5V 40mA from input as low as 1.25V. Figure 

7 and Figure 8 shows the schematic diagram of the LTC3105 and LT1073 respectively.  
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Figure 7: Schematic Diagram of LTC3105 

 

 

Figure 8: Schematic Diagram of LT1073 
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3.2.3 Rechargeable battery 

 

Like the selection of solar cell, the type of rechargeable battery used also crucial to the 

overall system designed. In this project, Nickel-Metal Hydride (NiMH) rechargeable 

battery is chose. This type of battery is the most reliable for continuous low power 

charging. In addition, NiMH battery is cheap, environmentally friendly and can be 

recycle. Table 5 below shows the comparison of three types of potential rechargeable 

battery. 

Table 5: Type of Rechargeable Battery Comparison 

Parameter NiMH NiCd Li-Ion 

Capacity 1.25 1.25 3.6 

Memory effect Little effect Noticeable effect Little effect 

Cycle life 300+ 500+ 300+ 

Overcharge 

tolerance 

high moderate Very low 

Self-discharge 30% 20% 10% 

Battery cost Low Low High 

Environmental 

friendly 

Yes No Yes 

Recyclable Yes Yes No 

 

1.2V NiMH 2650mAh rechargeable battery shall be connected in series with booster 

circuit to produce output voltage of 3.7V. 2650mAh battery shall deliver current of 

2650mA in an hour and generate power of 3.18Wh. When the tag operates at 3.3V 

40mA, it needs 132mW and assume the step up converter is 50% efficient, it will need 

264mW to operate. By doing this estimation, the battery can power up the tag for 12 

hours. The calculation is shown below. 

  

 2650mAh deliver 2650mA in an hour 

 Power generated per hour = 1.2𝑉 × 2650𝑚𝐴ℎ = 3.18𝑊ℎ 

 Power consumed by tag = 40𝑚𝐴 × 3.3𝑉 = 132𝑚𝑊 
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 Assume step-up converter is 50% efficient: 

 Power consumed by the converter = 2 × 132𝑚𝑊 = 264𝑚𝑊 

 If the battery can deliver 3.18W per hour, the tag can be powered for: 

 3.18𝑊ℎ ÷ 264𝑚𝑊 = 12 ℎ𝑜𝑢𝑟𝑠  

   

Other electrical component include resistors, capacitors and inductors, to complete the 

circuit, Multimeter to read the reading of voltage and current and Arduino to analyze the 

output. CadSoft EAGLE is used to design Printed Circuit Board (PCB) and LTSpice to 

do circuit simulation. The components and software used are listed in Table 6. 

 

Table 6: Components and Software 

Components Software 

Resistor LTSpice Simulator 

Capacitor Arduino  

Inductor Inventor 

Multimeter CadSoft EAGLE 
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3.3 Study Plan 

 

Figure 9 shows the study plan for the two semesters which include Final Year Project 1 and Final Year Project 2. The blue section is 

the data gathering and analysis while the red section is the design phase, proof of concept, testing and fabrication.  

 

1st Phase 2nd Phase 

   

  

Figure 9: Study Plan 

      

 

Title Assignment 

27th June 

Extended Proposal 

Submission 

1 - 2 3 - 6 7 - 9 10 - 14 15 - 19 20 - 24 
Week 

22nd August 

Interim Report 

Submission 

 

Prototype Installation 

& Evaluation 

 

 

Design Modelling 

& Fabrication 

14th July 

Project Proposal 

Defense 

 

Concept Generation 

& Validation 

 

Progress Report 

Submission 
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3.4 Gantt Chart and Key Milestone 

 

Table 7: Gantt Chart 

Week 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 

Task  

Project  title assignment                         

Research and acquire project detail                         

Extended Proposal                         

Data gathering and analysis                         

Circuit Design                         

Interim Report                          

Assemble of component and testing 

phase 

                        

Integration of circuit with active 

RFID tag  

                        

Progress Report                         

Prototype fabrication                         

Prototype evaluation and data 

gathering 

                        

Documentation Report                         

 

Project Milestone 
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CHAPTER 4 

RESULT AND DISCUSSION 
 

Several experiment was conducted to test and verity the operational ability of the solar 

charger system. In this project, Mono-crystalline solar cell is used to charge a 1.2V 

NiMH battery. LTC3105 converter step-up the battery voltage from 1.2V to 3.7V and 

directly power an active RFID tag. In the beginning, LED is used as load to test the 

overall system reliability.  

 

4.1 System Block Diagram 

 

Figure 10 shows the overall system block diagram of this project. PV cell will harvest 

ambient light energy and convert it to electrical energy. In this project, we use 7V 50mA 

PV cell as the size is suitable to be mounted on top of RFID Tag. Harvested power is 

used to charge a rechargeable battery continuously. Power from rechargeable battery is 

stepped-up by booster circuit from 1.2V to 3.7V and directly power an active RFID tag. 

Note that the system is to be used indoor, thus the PV cell is not capable to directly power 

the RFID tag. 

 

Figure 10: Overall System Block Diagram 

PV Cell

7V 50mA
Monocrystalline

Rechargeable 
Battery

NiMH 
1.2V 2500mAh

DC/DC 
Step-Up 

Converter

LTC3105

RFID Tag

3.3V 40mA
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4.2 Solar Panel No Load Test 

 

Solar cell is tested in several different condition to figure out how much power can be 

generated as in Figure 11. Based on the testing done, the solar cell is not able to directly 

power the RFID Tag because the current generated is very low. However, the voltage of 

the solar panel is enough to charge a 1.2V NiMH rechargeable battery. Only one solar 

cell is needed charge the battery during night time. Table 6 is the summary of the data 

taken. 

 

 

 

Figure 11: Testing a Solar Cell 

 

Table 8: Power Generated from a Solar Cell 

 Voltage Current Power 

Day Time 

Bright light 5.81V 11.9mA 69.1mW 

Dim light 4.01V 7.5mA 30.1mW 

Night Time 

Bright light 2.45V 41.5µA 0.1mW 

Dim light 2.02V 30.4µA 61.4µW 
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4.3 DC/DC Step-Up Converter Simulation Test 

 

4.3.1 LTC3105 Step-Up DC/DC Converter 

 

Figure 12 shows the schematic diagram of the designed circuit. Based on the diagram, the 

output current from 1.2V battery cell is connected to Vin of LTC3105. The converter shall 

start- up by using the energy from the input capacitor, C1. Vout from LTC3105 is 

connected to FB pins through a resistor divider. C4 is the feedforward capacitor which 

can improve load transient response and minimize output ripple. RFID tag is to be 

connected to Vout for direct supply. 

 

 

Figure 12: LTC3105 Simulation Circuit 
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Table 9 shows the details of the component used together with description and 

justification. 

 

Table 9: Justification of components used 

Component Value Justification 

I1 10µH I1 is low DCR power inductor. It is suitable for value 

between 4.7µH and 30µH. A larger value of I1 can 

provide better efficiency when the input voltage is low.   

C1 10µF C1 is input capacitor which energy stored in the capacitor 

is used during the converter start-up mode. 

C2 1µF C2 is connected between AUX pin and Ground. Small 

value of the capacitor is used to reduce start-up time. 

C3 10µF C3 is a feedforward capacitor which is used to minimize 

output ripple and enhance load transient response. 

R2 22kΩ R2 and R3 is the resistor divider. The value of those 

resistors can be varies to control the value of output 

voltage, Vout. The values of  R2 and R3 is determined by 

using equation: 

𝑉𝑜𝑢𝑡 = 1.004 (
𝑅2

𝑅3
+ 1) 

Using the values of 22kΩ and 10kΩ for R2 and R3 

respectively, the value of Vout is 3.3V. 

R3 10kΩ 
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Figure 13 shows the circuit simulation. Based on the graph, the blue line indicate the 

input voltage while the black line indicate the output voltage. It is clearly shown that the 

converter shall take less than 1ms before start up. This is the time when the capacitor C1 

is charged. However, the duration is negotiable. This simulation also proved that the 

converter is able to boost the input voltage from 1.2V to approximately 3.3V which is 

enough to power an active RFID tag. 

 

 

Figure 13: LTC3105 Simulation Result 

 

4.3.2 LT1073 Fixed 5V DC/DC Converter 

 

Figure 14 shows the schematic diagram of designed circuit. Input from 1.2V battery cell 

as low shall enter pin 1 of the converter. Diode 1N5818 serve as a Shottky diode is the 

most efficient diode to be used with this converter. The combination of its 500mV 

forward drop at 1A current, fast turn-on and turn-off time and 4µA to 10µA leakage 

current fit nicely with LT1073. 
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Figure 14: LT1073 Simulation Circuit 

 

Figure 15 shows the circuit simulation of LT1073-5 step-up converter. Based on the 

graph, the blue line indicate the input voltage and the black line indicate the output 

voltage. It is clearly shown in this graph that the converter shall take almost 5.5ms before 

start up. The duration also known as dead time is longer compared to LTC3105. This 

simulation also proved that the converter is able to boost the input voltage from 1.2V to 

fixed value 5V. 

 

 

Figure 15: LT1073 Simulation Result 
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Figure 16: Testing LTC3105 

4.4 DC/DC Step-Up Converter Comparison 

 

Figure 16 and Figure 17 show the experiment done to test the performance of LT1073 

and LTC3015 respectively. The objective of the experiment is to compare the output of 

each booster and its reliability to be used in the system. This experiment was done in 

room temperature. The booster circuit was tested using a laboratory power supply before 

using battery cell as input. From the experiment, it is shown that LTC3105 is more 

reliable compared to LT1073 because it need lower voltage start-up compared to LT1073 

which are 0.9V and 1.0V respectively. Besides, the output of LTC3105 is adjustable and 

LT1073 is fixed 5V. The theory of power in is equal to power out is applicable in this 

experiment. Since the voltage of LT1073 is high, the current produce will be low. Thus it 

is not able to power up the RFID tag. In other hand, the output voltage of LTC3105 can 

be adjust to the minimum in order to maximize the output current. The result of 

experiment is tabulated in Table 10. 

 

                                                                                             

                                 Figure 17: Testing LT1073 

           

Table 10: Output of DC/DC Converter 

 LTC3105 LT1073 

Minimum Input Voltage 0.9 V 1.0 V 

Minimum Input Current 10 mA 20 mA 

Output Voltage 3.3 V - adjustable 5 V - fixed 

Output Current 65.4 mA 0.02 mA 
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4.5 Solar Charger System 

 

Experiment was conducted to test the ability of solar cell to charge a 1.2V battery in 

various position and condition including vertical, horizontal and slanted. This experiment 

was done in room condition for 3 consecutive days and the average value is calculated for 

result. Figure 18 shows the setup of experiment conducted with the solar panel was 

vertically, horizontally and slant positioned respectively. Solar cell is connected in 

parallel with the battery and Shottky diode 1N5107 is connected in series with solar panel 

to avoid current backflow. The result of experiment is displayed in Figure 19 and Figure 

20.  

 

 

 

 

 

 

 

 

  

 

Figure 18: Solar Charger Experiment 

Horizontal Vertical Slanted 
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Figure 19 shows the graph of battery and solar cell voltage with time. Based on the graph, 

the peak hours for solar cell to harvest light energy are at 12 noon and 3pm. The voltage 

of solar cell without load connected start to decrease at 4pm and at its minimum starting 

from 9pm. Note that the time for this experiment is between 8am and 9pm. It is assumed 

that there is no light source beyond this period. From the graph, the battery cell need 

approximately 5 hours to be fully charged during the day. At night, battery voltage will 

only be charge to compensate the power loss by the device itself. 

 

 

Figure 19: Graph of Battery and Solar Cell Voltage with Time 
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Figure 20 shows the graph of battery and solar cell current with time. The current for 

solar cell, diode and battery is the same since they are connected in series. Based on the 

graph, the maximum current is produce at 9am and the current start to decrease at 4pm. 

During this period, the battery is actively charged to compensate power usage during no 

light source. 

 

 

Figure 20: Graph of Battery and Solar Cell Current with Time 

 

By referring to the data provided, analysis has been done to see the efficiency of this 

solar charger system when it is integrated with an active RFID tag. A typical 1.25V AA 

battery connected in series to produce output of 3V can last for approximately 3 days if it 

is actively used. Thus a single 1.2V battery can last for 29 hours. By using this solar 

charger system, the battery only take 5 hours to be fully charge. Thus it is proven that this 

solar power charger is capable to avoid monitoring disturbance since the battery will 

always be charging. 
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Figure 21: Plan and Side View of Tag Design 

4.6 Tag Design 

 

Figure 21 shows the 3D view and Figure 22 shows the plan view and side view of the tag 

design. The strap shall be made from bendable material and comfortable to use by 

patient. Velcro is use so that the tag can be removed easily during emergency and easier 

to be adjusted. PV cell is to be mounted on top of the box to allow for maximum light 

intensity. The box will store the active RFID Tag and circuitry together with rechargeable 

battery. All materials are to be made from lightweight material and water resistance to 

avoid short circuit and at the same time provide comfort to users. Figure 23, 24, and 25 is 

the fabricated tag design. 

 

80cm 

Battery 

Solar 

Circuitry 

Strap 

Box 

Figure 22: Tag Design in 3D 
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Figure 23: Tag Design - Testing 

 

Figure 24: Tag Design - Top View 

 

Figure 25: Tag Design - Inside Box 
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CHAPTER 5 

CONCLUSIONS AND RECOMMENDATIONS 

 

Active RFID tags is one of the best device that can monitor patients in hospital. It is 

durable, operates autonomously and make real time tracking possible. However, the 

current battery used by the tags limit its performance since it need to be charged 

frequently. This battery problem can be altered by energy harvesting device which 

convert ambient energy to electrical energy. Not only this method or device is free, it is 

also environmental friendly as the energy comes from natural source. For this project, the 

source of ambient temperature shall focus on solar energy harvested by solar PV. 

 

Concurrently, integration of RFID has been made but in a large scale. This project is 

therefore aim to integrate small solar module with active RFID tag making it dual 

powered. The maintenance cost of RFID tag can be reduced when solar is used as an 

alternative source of power. Users might not need to frequently change or even charge 

their RFID device since it is being charge constantly using solar energy making the 

lifetime period longer. In future, more device and application which need a small energy 

like RFID tag can use the proposed method and design made in this project. 

 

Although this project is successfully done, there are still room for improvement in order 

to increase its efficiency and reliability. Firstly, based on datasheet attached in Appendix 

A, the LTC3105 step up converter is capable to boost voltage as low as 250mV. 

However, in this project it can only boost from minimum voltage of 0.9V. In future, this 

converter can be further experimented since it has potential to be use with other low 

power energy harvester system such as thermoelectric and piezoelectric. 
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Secondly, hybrid power generator system can be experimented by integrating solar with 

thermoelectric or other capable energy harvester so that the RFID tag can be powered 

directly by the system. The ability of thermoelectric generator to produce current and 

solar to produce voltage should be fully utilize in order to support green technology.  

 

In conclusion, after several months of determination and hard work, all objectives of this 

project is achieved which is to design, testing and integrate an alternative power 

generator charger for an active RFID tag using a solar cell. This system can also be used 

by many other low power autonomous device especially in indoor condition.  
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