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Abstract- This paper describes some methods to improve the 

efficiency of power transfer in neuroprosthesis. In the 

neuroprosthesis, there is a low power level DC to DC converter 

in which the size is very small for the power conversion. The 

reduction of size of the converter uses the technique of cordless 

printed circuit board transformers that allows the contactless 

power transfer through the skin. In such, the coupling of the 

primary and secondary transformers is only skin and air gap. 

Meanwhile, the magnetizing inductance, leakage inductance 

and some other parameters affects the efficiency of the power 

transfer. The paper will discuss the relationship of those 

parameters and some suggestions for improvement of the 

overall performance of the converter. 

 

I. INTRODUCTION- 

The normal nerve system transmit signal from brain to 

the other parts of the body in order to control the body 

movement. Unfortunately, some of the patients suffer 

from diseases which disturb or damage the path of the 

nerve signals to parts of the body. In such case, artificial 

signal paths are needed. Those paths provide a good 

connection of the nerve system. With the need for 

improvement of technology in medicine, the system is 

outside the body, whereas only with the sensors are 

implanted under the skin. The implanted sensors needed 

power to operate. There are many researches on this type 

of power transfer device. As in the case study before, the 

maximum power consumption is 50 milliwatt[1] used for 

the system. It is necessary to study the factors which will 

affect the transfer efficiency in which they will be 

discussed in this paper. 

II. METHODOLOGY 

In the traditional transformer, the energy transfer from 

primary to secondary windings through a magnetic path 

(a ferrite). Although the leakage is very small, the 

efficiency is only about 50%-70%. However, it is not 

possible to implant the transformer with core under the 

skin. Thus there is a new transformer—cordless printed 

circuit board transformer invented [2]-[8].  

The cordless printed circuit board (cordless PCB as 

shorted) is that the copper wire is absent and the winding 

is printed on the PCB (Fig.1). It is possible to implant the 

thin PCB winding inside the skin to receive energy or 

data from or to the body. 

 

Fig.1 the cordless PCB 

In the absence of the magnetic core between the primary 

and secondary winding, the leakage inductance is 

significantly high and the magnetizing inductance is 

relatively low. Thus the efficiency is quite low.  

To cope with these problems, there are two methods used 

to improve the efficiency of energy transfer. 

 

1. Resonance effect is produced within the inductor 

(winding) and an added capacitors. 
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Fig.2 Parallel winding with resonant capacitors 

 

2. Instead of a single winding, a Parallel (Fig.3) or 

“Matrix” (Fig.4) winding is proposed. 

 

Fig.3 Parallel Winding 

 

 

Fig.4 “Matrix” Winding 

 

III. EXPERIMENTAL RESULTS 

 

There are many types of converter used in DC to DC 

power supply. In this paper, the flyback converter is 

chosen. Meanwhile, two improved topologies are 

two-transistor flyback converter and paralleling flying 

converter.  

Two-transistor flyback converter (Fig.4) is mainly used 

in low voltage output. Moreover, switching device used 

in such topology is only half voltage needed than those 

used of single transistor. As low power (in the range of 

milliwatt) will damage the human being or animals, it is 

suitable for the usage of this paper.  

 

 

Fig. 5 Two-switching device flyback converter 

 

Paralleling flyback converter is used in high power level. 

Even though, its advantages are (1) improved the system 

reliability, (2) higher the switching frequency, lesser 

current pulsation will be obtained. This is not used in this 

paper. 

 

There are many shapes for the cordless transformer. The 

traditional one is the circular. However, there are some 

region is not fully occupied, thus the single square 

winding is used instead of a single circular winding. The 

magnetizing inductance verse the operating frequency is 

shown in Figs.6 to 8 and the equation is 

Lm = 3E-06f3 - 0.0004f2 - 0.0067f + 5.4447.  

And the leakage inductance verse operating frequency is 

shown in Fig.9 to 11 and the equation is  

Ll = -3E-08f3 + 9E-06f2 - 0.0026f + 1.5048. 

2cm*2cm square winding magnetizing inductance
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Fig.6. 2cm*2cm Square Winding 
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3cm*3cm square winding magnetizing inductance
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Fig. 7 3cm*3cm Square Winding 

4cm*4cm square winding magnetizing inductance
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Fig.8 4cm*4cm Square Winding 

2cm*2cm square winding leakage inductance
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Fig.9 2cm*2cm Square Winding 

3cm*3cm square winding leakage inductance

2
2.2
2.4
2.6
2.8

3
3.2
3.4
3.6

0 20 40 60 80 100 120

Frequency (kHz)

In
du

ct
an

ce
 (

uH
)

0.1mm

0.2mm

0.3mm

0.5mm

0.8mm

1mm

2mm

 
Fig.10 3cm*3cm Square Winding 

4cm*4cm square winding leakage inductance
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Fig.11 4cm*4cm Square Winding 

It is interesting to find that the magnetizing inductance 

does not vary extensively when frequency is higher than 

20kHz for size 3*3 and 2*2 cm2.  In all the cases, the 

leakage inductance decreases with frequency.  It is alos 

found that the leakage inductance is only very slightly 

different from the magnetizing.  It is therefore found 

that the coupling between the primary and secondary is 

very poor and only at high frequency of oeration, the 

coupling is improved.  This is clearly seen for 3*3 and 

2*2 cm2 windings. 

After studying the single winding, a “Matrix” winding 

method is then studied. The four single windings are 

connected in series to increase the number of turns of the 

total number of turns. The result of magnetizing 

inductance verse operating frequency are shown in Fig 

12 to 14 and the equation is  
Lm = -6E-07f3 + 0.0001f2 - 0.0067f + 2.0825 . 

The leakage inductance verse the operating frequency are 

shown in Fig 15 to 17and the equation is  

Ll = 4E-07f3 - 7E-05f2 - 0.002f + 3.7958. 

2cm*2cm square Matrix winding magnetizing inductance
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Fig.12 2cm*2cm Matrix Winding 

3cm*3cm square Matrix winding magnetizing inductance
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Fig.13 3cm*3cm Matrix Winding 
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4cm*4cm square Matrix winding magnetizing inductance
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Fig.14 4cm*4cm Matrix Winding 

2cm*2cm square Matrix winding leakage inductance
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Fig.15 2cm*2cm Matrix Winding 

3cm*3cm square Matrix winding leakage inductance

1

1.2

1.4

1.6

1.8

2

2.2

0 20 40 60 80 100 120

Frequency (kHz)

In
du

ct
an

ce
 (

uH
)

0.1mm

0.2mm

0.3mm

0.5mm

0.8mm

1mm

2mm

 
Fig.16 3cm*3cm Matrix Winding 

4cm*4cm square Matrix winding leakage inductance
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Fig.17 4cm*4cm Matrix Winding 

 

IV. ACHIEVEMENTS 

It is found that the magnetizing inductance of the air gap 

cordless transformer is independent of the distance 

between the primary and the secondary winding. With 

the higher winding surface area, the larger magnetizing 

inductance it will be. 

From the result, it shows that the leakage inductance 

decreases while the distance of primary and the 

secondary winding decreases.  The 4*4 cm2 

configuration gives better results in the coupling as the 

leakage inductance improve with frequency.  For other 

areas, the coupling is poor. 

The use of matrix winding provides more turns in the 

same area than those in single winding. It is an 

interesting finding that the new topology is efficient for 

large area because of the reduction of the leakage flux in 

the air gap.   

The formulation of the magnetizing and leakage 

inductance of the contactless transformer has been 

developed.  The equations can be used to access the 

future design of the contactless conversion for 

neuroprosthesis application.  

 

V. CONCLUSIONS AND DISCUSSION 

In this paper, there are two methods are introduced to 

improve the efficiency of the energy transfer in the 

neuroprosthesis. The first one, there are two capacitors 

added in parallel so as to have a resonance effects in both 

the primary and secondary side. The effects can store the 

energy which is not transferred to the secondary winding. 

It can also reduce the low magnetizing impedance 

problem during the lower frequency operation and hence 

reduce the loss in the magnetizing inductance. The 

second one is that the formation of the winding pattern. A 

“Matrix” winding is introduced. 
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