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Abstract 

Wireless Charging Pad (WCP) consists of two parts - a transmitter and a receiver.  The transmitter is a platform 
where power is transmitted to the electronic devices. It can simultaneously power wide variety of devices which 
their receiver module is placed around the protuberance of the pad’s surface. The devices are electrically 
charged as if they are plugged into a conventional adapter, irrespective of their position or orientation.  The 
receiver, differently, is attached to electronic devices such as mobile phones or PDA and allows an electronic 
device to be charged by the transmitter. 
WCP is more convenient for both consumers and manufacturers as no replacement of charger is needed for 
charging different electronic devices and it is intrinsically safe to use because no direct metal connection is 
required at all.  On the other hand, WCP is more environmental friendly than the conventional AC adaptors. 
“No direct contact, No electric shock.” Contactless charging can be adopted in a wide range of applications 
which can ensure the safety not only to the aged users but also the disabled, and prevent children from messing 
with the electrical connections. This application can help to eliminate the potential hazards such as body injury, 
damage to property, and provide better workplace environment. 
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1. INTRODUCTION  

The WCP will certainly contribute to occupational safety & health in both households and workplaces. On one 
hand, WCP is more convenient for both consumers and manufacturers as power loss is reduced by its high 
efficiency and it is intrinsically safe to use because no direct metal connection is required at all.  On the other 
hand, WCP is more environmental friendly than the conventional AC adaptors. 
 
There are several main objectives for this project: 

� To reduce the chance of electrical shock due to improper use of plugs and sockets; 
� To assure our product meets major international regulatory radiation and emissions safety standards 

(IEEE standard for safety (3kHz to 300 GHz); 
� To ensure the minimal interference from wireless platform to nearby environment and facilities; 
� To reduce the production and discard of conventional chargers and harmful materials to environment 

(e.g. PVC / electroplating metal); 
� To make the recharge of electronic devices more convenient for consumer especially for the elderly 

and the disabled; and 
� To ensure the safety of old age users. 
 

By comparing the contactless charging with the conventional charging device, you may find many advantages 
and good contributions to safety from this application of technologies and principles.  
Conventional charging mode requires replacing the relevant adaptor and placing the adaptor in a fixed charging 
position that charging cannot be terminated automatically when the battery is fully charged or at no load 
condition, this may shorten the life of the devices and, to the worst case, cause electrical leakage. 
 
Independent wireless charging receiver extends a wide compatibility and can be monitored and controlled 
automatically by a complex control board according to the conditions detected by two infra-red sensor. 



Moreover, it is resistant to contaminants, corrosion and sparkles and it is also waterproof that can avoid 
problems incurred by sand, dirt, mud, or other debris staining with the charging port. Furthermore, it maintains a 
proficient contact but isolation, eliminates external metallic contacts and any associated sparkling hazards at the 
same time.  An impressive fact is that the process has minimum interference in devices nearby (e.g. credit 
cards or watches).  As a bonus, WCP can help minimize wastes from the plastic or paper packaging and hence 
potential damage to the environment. 

2. WORKING PRINCIPLES  

2.1 Different Wireless Power Transmission Technologies 
 
Electromagnetic Induction usually provides high power levels which can provide output of several watts (W) 
to several hundred KW. Large amounts of power can be transmitted by electromagnetic induction, but receiver 
must be located adjacent to the transmitter which means the terminal must have a battery. The effective range is 
probably 1cm or less. 
 
Radio reception can only transmit about several dozen mW, making it impossible to recharge a handset in an 
hour or two, but sufficient to handle mobile phone stand-by power requirement. It is good for terminals for long 
stand-by times, with continuous charging in rooms. 
 
Resonance technology shares parts of both electromagnetic induction and radio reception, and would be 
appropriate in direct power supply to devices without batteries. It can directly supplies devices moving within a 
fixed area and provide max power of several KW also range of several meters. 
Although a saving grace in each technology can be easily determined. There are still many technical issues to be 
overcome in these technologies. For example, electromagnetic induction will transmit power to every piece of 
metal placed on the charging stand unless it has some function to allow it to identify the object. If the object has 
circuits to pick up power they will be heated, creating a dangerous situation. Shielding will also be required in 
the terminal, between the secondary coil and electronic circuits. The radio wave reception design suffers from 
low power efficiency, with the majority of power output by the transmitter merely being wasted as radio waves, 
although there is a company downplays the disadvantage, explaining that TV and other broadcasting wastes 
considerably more power.  Resonance has the problem of securing the necessary frequency. Transmission 
across distances of several meters requires a frequency from several to several hundred MHz, which is the 
waveband where resonance is most difficult to generate. 
 

 Electromagnetic 
Induction 

Radio reception Resonance 

Output power several W to hundred 
KW 

several dozen mW max power of 
several KW 

Effective Distance probably 1cm or less range of several 
meters 

range of several 
meters 

Control Level Simple to make and 
control 

Hard to make but 
under control 

Hard to make and 
control 

Safety Level Depends on the conditions and technical approach 

Convenience Acceptable Level Highest Fairly 

Fig 2_1 Table comparing different wireless power transmission technologies 
 
2.2 Comparison of Wireless Power Technologies 
Each wireless power technology presents its own tradeoffs whether they relate to efficiency, transmitting range, 
size, freedom of movement, or cost. 
 
Efficiency: 
A comparison of total system efficiencies versus transmitting range of the various technologies. Efficiency 
describes how much power is wasted and how much heat is dissipated during power transmission. Inductive 
systems have the highest system efficiencies of any wireless system 
 



 
Fig 2_2 Comparison of Efficiency of different technologies 

 
Power Delivery and Size: 
A look at how much power, per square centimeter, that various technologies can transmit. For mobile devices 
such as laptops and cell phones, a relatively high power density is necessary. High power density means that the 
necessary amounts of power can be transmitted using small wireless power systems. Coreless and traditional 
inductive systems have the highest power densities. 
 

 
Fig 2_3 Comparison of Power Delivery and Size of different technologies 

 
Cost:  
One of the most important criteria when comparing wireless power systems is whether they make commercial 
sense. Inductive systems have the lowest cost. 

 
Fig 2_4 Comparison of Cost of different technologies 

 
It is realized that an inductive wireless power system truly makes the most sense because it is an efficient, small, 
low cost solution, while still being applicable to the wide variety of power requirements that our mobile devices 
have. 
 

3. DESIGN OVERVIEW  

A copper coil attached to a power source is the sending unit. Another coil, attached to the device to be induced is 



the receiver which makes it possible for energy to be transferred from one to the other. 
There are particular advantage on effective distance, maximum power transfer, control level and efficiency for 
each approach. We designed to make use of an advantageous position respectively and started to construct a 
simple, safe and efficient Wireless Charging Pad. Our design are the combination of both technologies which 
not only transfer power through wireless by electromagnetic induction, but also contain self-resonance at the 
side of transmitter and receiver independently in order to achieve better efficiency and hence reduce the power 
loss. 

4. BLOCK DIAGRAM 

 
 
4.1 Block description 
“One Plug, One Pad, Various devices”; whole system only consists of a transmitter and a receiver. The 
transmitter is a platform where powers by a one plug that is transmitted to the devices. It can simultaneously 
power wide variety of devices which their receiver module is placed around the protuberance of the pad’s 
surface. The devices are electrically charged as if they are plugged into a conventional adapter, irrespective of 
their position or orientation.  The receiver, differently, is integrated into electronic devices such as mobile 
phones or PDA and allows an electronic device to receive charge from the transmitter. 
 
Consequently, electrical current creates magnetic fields and vice versa.  This technology takes advantage of the 
fact that magnetic fields can travel through free space.  Electrical current in the base station creates a magnetic 
field that wirelessly carries the power to the receiver where it is converted back to electrical current.  This 
coupling provides a secure charging condition because it is electrically isolated between powered transmitter 
and users. 
 
4.2 Hardware description 
 
Input Source: 

24VDC is chosen to be the input voltage because most of the IC in the circuit required DC to motivate and 
24VDC is lower than the safe voltage standard limitation (36V) which considers being safer. 
 
Transmitter Platform: 

LM2596-ADJ is used as the step down voltage regulator at the first stage of the transmitter circuit to provide 
voltage buffer for IC within the circuit.  It regulates the voltage provided for control panel, IR2104 and TL494 
in order to maintain a steady voltage supply and minimize the noise from source in the high frequency circuit 
and hence ensure the proper operation of ICs and protect the circuit from unexpected excessive voltage input. 
 
  The Pulse Width Modulation (PWM) control circuit uses the inexpensive TL494 as the chip to simply 
generate highly fluctuated square wave (figure 4_1) in order to produce the magnetic field at the transmitter coil 
quickly.  With the adjustable duty cycle by tuning the resistance input to TL494, we can limit the current of the 
square wave and hence provide a more reliable/controllable output for further processing. 



 
Fig 4_1 Pulse Width Modulation Signal 

 
The Control Panel has two parts to monitor the state of WCP, one is overheat prevention mechanism and the 

other one is the Infrared Senor for Load Detection.  Two temperature mechanical switches are used for 
monitoring the WCP operation temperature in case the WCP is overheat (>70oC), the power will be cut off 
automatically and the LED indicator will turn red to indicate malfunction occur.  The power of WCP will not 
be restored until the operation temperature goes back to normal level (<40oC) which is performed by mechanical 
relay and different rating temperature mechanical switches. As for the Infrared Sensor, there are two infrared 
sensors (SHARP IS1U60) to detect the load condition when the WCP is initially in the standby mode which the 
on off time of MOSFET Driver is controlled by a timer (NE555). If any one of the Infra-Red (IR) Sensor detects 
feedback signal form the receiver module, the MOSFET driver will be trigger by high speed switching photo 
coupler to turn the WCP into operation mode.  An impressive fact is that the control panel has minimum 
interference to the other parts of the circuit and devices nearby (e.g. credit cards or watches) and highly resist 
from peripheral interference.  It is achieved by the excellent quality of the IR Sensor and photo-coupler and the 
characteristic of them which include high reliability, electrically isolation, good temperature tolerance and 
satisfying anti-interference ability. 
 
  The MOSFET Driver IR2104(s) are selected to perform the on/off keying between the PWM signal and 
Control panel signal as it is reliable and efficient. IR2104(s) is a high voltage, high speed Power MOSFET 
Drivers with dependent high and low side referenced output channels. 
  The full bridge rectifier (figure 4_2) make up of four BUZ11 (MOSFET in push-pull mode) is used to convert 
DC signal to both polarities of the output waveform (alternating square wave), and can bear higher power and is 
more effective than half-wave rectification. The purpose of performing such process is to generate a smooth sine 
wave to the transmitter coil in order to produce an obvious magnetic field for transmission. 

 
Fig 4_2 Full Bridge Rectifier Process 

 
A purchased thick multi-core induction coil is used for the transmitter coil in order to reduce heat loss and the 

skin effect due to the high frequency signal and is much safer as the thick wire can bear higher current/voltage 
than the thin one.  Besides, five magnetic rings are placed on the top of the transmitter coil to lower the starting 
current and concentrate the magnetic field generated from the transmitter coil in order to increase the efficiency.  
By the way, magnetic rings can reduce the magnetic field interference to peripheral devices by changing the 
self-resonance frequency (In our situation, it is ~120 KHz) 

 
P/N no. Permeabilit

y 
Outer 

diameter 
(mm) 

Inner 
diameter 

(mm) 

Height 
(mm) 

Quantity 

77109A7 125 57.2 35.5 14 2 

77548A7 125 33.3 19.3 10.9 3 

Table 4_3 Magnetic Rings technical data 
 



Receiver architecture : 

 
 
4.3 Overview the charging characteristic: 
  At first, the energy is transferred by the electromagnetic field from the primary to the secondary side of the 
coil which is the antenna (10-12 Turns, D: 10cm) of the receiver module. After that, the induced voltage must be 
limited; otherwise the receiver can be destroyed by large voltage peaks. To get a DC-voltage, a rectifier is 
essential. Then, the charge regulator follows, which controls the three important parameters of batteries: the 
current, the voltage and the temperature. For all accumulators, the maximum current must be limited, otherwise 
the destruction is guaranteed. The battery voltage has to be limited too. A controlling of the temperature is 
important to stop charging for maximum or minimum temperatures. 
We use LM2596 as a step down voltage regulator to provide a steady 5VDC-voltage which also has an internal 
temperature sensor to cut-off the power when there is overheat (overcharge). Two Infra-red sensors are inserted 
as a feedback control to provide wider spread of IR signal that being detected by the IR Sensor in the control 
panel on the transmitter platform. 
 
4.4 Charging profile  

The following figure shows the common charge-profile for lithium batteries. 

 
Fig 4_4 Common charge profiles for lithium batteries. 

 
The charge cycle is divided in two parts: a range with a constant current and a range with a constant voltage. 

The charging current depends on the capacity of the battery. Often, the maximum charge current is 1C (C stands 
for the capacity of the battery in mAh) that means, that a 50 mAh rechargeable battery can be loaded with 
maximal 50 mA. Using higher currents, the battery can be damaged or destroyed. The lifetime of a battery will 
be shorted by every overcharging. Typical end-of-charge voltages for lithium batteries are 3.7 V or 5.2 V. 

5. TESTING & RESEARCH 

A series of tests were conducted under some specific conditions in order to find out the most effective coil’s 
diameter and number of turns of receiver coils for our charging pad and hence minimize the loss due to the air 
gap (path loss) between transmitter coil and receiver coil. The test facility and condition are listed below. 

 
Test Facility 
� DC Source: DDH S-120-24 
� Digital Power Meter: YOKOGAWA, WT210 
� Variable Load: LEYBOLD DIDACTIC GMBH, 11ohms, 5A 
� Digital Oscilloscope: HP HEWLETT PACKARD Oscilloscope 54603B 
� High Voltage Differential Probe: HP10071A 10:1 Probe Japan 
� Digit Multimeter: UNI-T UT33C 
 
Test Conditions 
� Unit on the lab-table with the heat sinks attached on the charging pad 
� No casing was present on the unit 
� Lab temperature between 20°C and 25°C 



� Fixed diameter for all the receiver coils under test  
� Fixed number of turns for all receiver coils under test 
� Full-bridge Signal at the transmitter coil is at constant (~80KHz, ~40% duty cycle)  
� Measurements were made with a transmitter coil (180mm diameter, parallel multi-wiring about 20turns.) 
� Measurements were made after stabilization of temperature and minimizing the environment interference 
 

 
Fig 5_1 Testing Log Sheet_1. 

 

 
Fig 5_2 Testing Log Sheet_2. 
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Graph 5_3 Efficiency versus Loop area of receiver coil 

 
It can be observed in graph 5_3 that fixed 5 turns receiver coil with diameter 12cm obtain the highest efficiency 
(~54%) during the test.  By the way, if the receiver module directly connected to the DC supply, it has much 
higher efficiency (~75%) in the test. 
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Graph 5_4 Efficiency versus Number of turns of receiver coil 
 
It can be observed in graph 5_4 that 10-12 turns of receiver coil with fixed diameter (12cm) obtain the highest 
efficiency (~56%) during the test.  By the way, the 5x5 twisted multi-core Enamel wire coil obviously have 
lower efficiency (~54%) in the test. 
 
Therefore, it can be concluded that the testing result is as follow:  Receiver Coil having 12cm diameter and 
10-12 turns obtain the highest efficiency at reasonable size. 
 

6. PRODUCT DESCRIPTION 

“No direct contact, No electric shock.” Contactless charging can be adopted in a wide range of applications 
which can ensure the safety not only to the aged users but also the disabled, and prevent children from messing 
with the electrical connections. This application can help to reduce the potential hazards such as body injury, 
damage to property, and provide tidy workplace environment.  For finding out the most effective precautionary 
measure, we have adopted the “Universal Design Principles” (Perceptible information, Tolerance for error & 
Size and space for approach and use) to level down the risks. 
 
Firstly, WCP can be brought anywhere in order to provide extra convenience for the disability. Secondly, this 
Project places a green LED to signify the power on state and a flash green light to indicate standby mode. 
Charging pad partial contact or overheat will be noticed by a red light LED. 
 
Further to the above, there are inserted two pairs of “Infra-Red” sensors to provide auto power termination 
function to avoid potential electric shock, when isolated area is damaged.  On the charging platform, rough 
surface is designed to maintain its physical stability.  Also, waterproof material extends isolation between 
internal components and the charging device that prevents potential leakage of electricity. 
 
According to the risk assessment, the inductive wire may release certain heat at 45-50°C.  Users may thus 
experience skin burn if direct contact with the pad occurs for a period of time.  In tackling this problem, the 
Project chooses double layers (metallic and PVC) instead of only using plastic for the casing which can 
effectively isolate heat exposure to the users. Two individual temperature sensors also are inserted at two 
sensitive locations to monitor the various conditions in order to ensure the safety by clipping the power source.  
 
The potential danger of its weight as a result, the whole system with a certain weight, it is likely to cause injury 
if the charging pad falls to the lower part of the body.  In this condition, we designed a global rough handshake 
to increase the fraction between consumer’s hands and the charging pad to achieve ergonomics. Sometimes, the 
isolation plastic on transceiver wire may be damaged by consumer’s pet or by a continuous push-pull force to 
give rise to leakage electricity.  Fuse and earth wire at the transceiver will be used to protect the overload and 
earth fault conditions. 

 



7. CONCLUSION 

WCP is an innovative creation that enables the users to experience the convenience and ease of use; it is also a 
piece of safety guaranteed and controllable device.  Last but not least, this pad unveils a new design for battery 
charging; the design should be welcomed by users in many aspects such as safety, ease of use, environmental 
friendly and water-proof capability.  The invention offers a condensable charging solution in addition to 
provide a new common platform for standardizing charging equipment for various portable electronic devices 
with a minimum risk level. 
 
“Apply our guide, Safety in mind, Beautify your life” 

 

Tentative Bibliography 

[1] S. Y. R. Hui, Fellow, IEEE, and Wing. W. C. Ho - A New Generation of Universal Contactless Battery 
Charging Platform for Portable Consumer Electronic Equipment:  IEEE TRANSACTIONS ON POWER 
ELECTRONICS, VOL. 20, NO. 3, MAY 2005 
 
[2] OHSAS 18002:2000 
3.4-3.5 “HAZARD” /  4.3.1 Planning for hazard identification, risk assessment and risk control 
OCCUPATIONAL HEALTH AND SAFETY ASSESSMENT SERIES 
 
[3] C95.1-1991: IEEE standard for safety levels with respect to human exposure to radio frequency 
electromagnetic fields, 3 kHz to 300 GHz  
 
[4] United States Patent – Coil Arrangement for generating a high frequency management field 
  
[5] Magnetics fields and forces; Magnetostatics; Magnetic materials; Electromagnetic induction and magnetic 
energy: Milton Keynes, UK, 1991. 
 
[6] IEEE recommended practice for electrical impedance, induction, and skin effect heating of piplines and 

vessels / sponsor, Petroleum and Chemical Industry Committee of the IEEE Industry Applications Society.  
New York: Institute of Electrical and Electronics Engineers, c1991. 

 
[7] Power supplies, switching regulators, inverters, and converters / by Irving M. Gottlieb. Blue Ridge Summit, 
PA: TAB Books, 1994. 
 
[8] Electromagnetic fields and waves / V.V. Sarwate. New York: Wiley, 1993. 
 
[9] Charging circuit testing, Leighton & Kidd, 1900. 
 
[10] Wireless Power Consortium 
http://www.wirelesspowerconsortium.com/technology/ 
 
[11] The Center for Universal Design (CUD) 
 http://www.design.ncsu.edu/cud/ 
 
[12] WITRICITY WIRELESS POWER 
 http://www.witricitynet.com/ 
 


