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Abstract

In this paper, a new wireless power transmission ntieod is proposed to supply deep brain
stimulators. By using a wireless charger, the surge for replacing the stimulator’s batteries and
all of its problems including infection, pain, andmaking patients uneasy, have been omitted. The
Resonance inductive coupling (RIC) method is choseamong the different wireless power
transmission methods and a resonance-based structuis designed. There are some simulations
and practical experiments at the end of the paper hich show this structure can generate 324
milliwatt power. Also, the efficiency of this syste in 10mm distance is 41.62%
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Introduction coupling, capacitive power transfer, microwaves and
beams. These methods are categorized based oreudiffe
factors like method, range of transmission, anduntst

Nowadays, using implantable medical devices hasmgro ¢ technology [5-8].

significantly due to their ability to locally stirfate

internal organs and/for monitor and communicate thgare are some researches that work based on seirele
internal vital signs to _the outer world. These drdalices ower transmission for implantable medical devities
such as deep brain stimulators (DBS), pacemakergeen prain stimulator. In [9] a wireless power
cardiac deflbrlllator_s and drug pumps are placedhim _fransmission system was proposed for IMD's. The
body to do special treatments. As with Commerc'atechnology that is used in this system is electgmatic
portable products, IMDs share the same needs teceed g ctive, Also, in [10] a four coils WPT system sva
the size, weight and power [1-4]. proposed. In this system, two coils are on the ivece

In this paper, the focus has been on the deep braj ide and two coils on the transmitter side. In thésign,

stimulation that is a surgical procedure useddattsome electromagnetic energy Is mductlvel_y coupled _frﬁm
neurologic disorders by sending electrical sigrialshe transmitter resonant CQ'IS to the receiver requaﬂﬂ;. In
target areas in the brain. DBS has therapeuticfitefer this paper, we have tried to enhance the efficiag to
some disease such as Parkinson’s disease, tremlor a{ﬁduce the size of the system.

dystonia [2]. In such diseases, the problem isarder in
nerves and the deep brain stimulator's duty is t
deactivate it and returns the nerves to its nomale.

dn next sections, at first, there are more explanabout
deep brain stimulation and then about wireless powe
transmission, different methods and the usageshisf t
Deep brain stimulators usually use batteries asepow technology, especially in deep brain stimulatorll e
supply. So, they need surgeries to replace theeriett given. Finally, a new wireless power transmissicetirad
after a specific period of time. In order to desmdhe is proposed which is based on the resonance ingucti
danger of infection and scale down the stress &ed tcoupling that is a non-radiative method with suiab
resulted pain through surgery precess in patiethis, efficiency in short distances and then the expertale
wireless power transmission technology is nominated results of our system will be presented.

recharge the batteries wirelessly without any syrdfel. i .

In this method when the batteries’ life has endeey can D€ep Brain Stimulators _ _
be charged by the power source that is placedoint fof The development of DBS began in the 1960’s. This

the implanted pulse generator but out of the body. method has an effective treatment for the symptofns
chronic pain, Tourette syndrome, Major depression,

Wireless power transmission has different methaad s Essential Tremor, Parkinson’s disease and Dystonia.
as: electromagnetic inductive, resonance inductiv®arkinson’s disease is a familiar neurodegenerative
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disease in aged people, often in 60 years old,affetts
the nerve cells in the brain that produce dopamiimie
most obvious symptoms of this disease are movement-
related including shaking, rigidity, sluggishness tioe
movement and difficulty in walking and later, thing
and behavioral problems may arise too. Currentigre
are different types of treatments such as the nmeic
consumption to increase the levels of dopamineha t
patients' brain with PD in an attempt to slow dothie
progression of the disease or lifestyle modifiqagithat is
effective to control motor symptoms in the earlygsts of
PD but DBS is an efficient and standard method.[11]
Obviously DBS doesn't remove PD but it can reduce
tremor, stiffness, sluggishness and improve theemmd
mobility [12]. As shown in fig.1 the DBS system indes
three parts: the electrodes, the connective wind, tae
implanted pulse generator (IPG).

» IPG
Figure 2. The structure of a DBS system
Fig. 2 shows the placement of a DBS system’s
Connecilve components. This system has just one electrodenbut
some cases, patients need to treat both sidegiofuibdy
wire so they use another DBS system which has two
electrodes.
In order to reduce the probable dangers of the
s Electrodes replacement, wireless charging of the battery appsed.

A case study of using wireless magnetic-resonantepo

transfer system is discussed in this paper. Somis of
parameters are: Inner diameter: 114 mm, Outer deme
208 mm, the distance between transmitter coil dred t
Figure 1. Components of a DBS system [12] receiver coil: 50 mm. We will propose a new optieaz

method of WPT that can be used in any surgery [13]-

- B

The electrodes are implanted in the brain througmall

opening in the skull and the tip of each electragsle Wireless Power Transmission Technology
positioned within the targeted brain area. The egtine

wire is implanted under the skin, passing fromiiteén to  WPT which was first proposed in late 19's by Nicola
behind the ear, then to the IPG. This insulatetiedavire  Tesla, refers to a family of techniques for delingr
is flexible to the movements of the patient's head. power without wires or contacts [16].

;Lhe ItF;dG IS pIaI(;ed bglowl thte_clawlcle otr, It?] sodrl_;eetea Wireless transmission is useful in cases where ggner
€ abdomen. 1t Senas €electric puises 1o he el transfer is needed, but interconnecting wires are

parts of the brain. Specifying which part should be : : : L
affected depends on the pulse’s width: wider Ioulsmconvenlent, hazardous, or impossible. We camigsi the

X ®Blectrical devices by using this technology. It hakt of
influences the cell soma and the narrower pulsectsf advantages such as:

axons [13].

Deep brain stimulators usually use batteries aptiveer 1. Making devices safer by eliminating the sparkingeine
source. So they need surgeries to replace afteriadpof associated with conductive interconnections.

time that this period depends on the battery tyjflee 2. Making devices more convenient and thus more
Soletra and Kinetra batteries’ longevity is abougedirs desirable to purchasers, by eliminating the needafo
and others’ are between 3 and 5 vyears. Also, a Power cord or battery replacement.

rechargeable battery as already investigated imitaBo 3. Making devices more environmentally sound by
years. eliminating the need for disposable batteries [17].
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In this method there are two coils named the regeiv
and transformer coils. Fig. 3 shows the basic sirecof

a WPT system based on the magnetic inductive. Tbe A
current in the transformer coil generates a magriietid
that induces a voltage in the receiver coil whi@n c
supply an electric load’s power. This method hasnbe
widely applied for short range applications in tlast AAA—
two decades. It has different usages in industrial R R
commercial and domestic courses; such as induction

cooking, and charging the batteries. An electroreéign Figure 4. A magnetic resonance circuit
inductive system is proposed in with the efficiemtout

23% and another one in that it's maximum efficieigy

74% [18]. - Passive Electrode

WPT using Electromagnetic | nductive C C
|
1
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f

\}

Primary unit Low current Oscillator

(Generator)

_ Passihve Electrode

) D 1 Icr)aii'nsmnter Figure 5. The basic structure of a CPT system [19]
WPT using Microwaves
A microwave wireless transmission system consi$ts o

three parts: the transmitter, beam control, and the

receiving rectifying antenna (rectenna). In traritami
Figure 3. The operation of a WPT system based omide, the microwave power is produced and in theiver
magnetic inductive [19]. side, the transmitted power is received and coedett

DC power.

WPT using Resonance inductive coupling

Resonance means the tendency of a system to testijfa WPT using Laser beams

the maximum amplitude in a special frequency. ldeor In this method, at first, the DC power is converted
to achieve to the maximum amplitude, it is necgsgar ~ €lectromagnetic waves by laser. Then, it is tratesinio
the oscillator to oscillate in a frequency the samethe the other side. In the receiver part, the receierergy
source frequency. Fig. 4 shows the basic struatfira  from the beams are converted to DC power agairs Thi
WPT using magnetic resonance. A resonance inductivethod can be used for long distances without anses
coupling system have a distance of 15.0 cm betwleen and by small equipment. But, it lacks efficiencychese
sending and receiving coils with about 40% efficien the atmosphere absorbs the energy.

and the other one has a distance of 23.0 cm witlutab

19% efficiency are both investigated in [19]. In this paper, we will propose a new WPT methodetas
on the resonance inductive coupling used for charthe
WPT using capacitive power transfer IPGs.

Capacitive power transfer (CPT) means transferring

energy on the electric field by capacitors. In tisthod  Theory of Resonance Inductive Coupling

the capacitor is connected to the source in sefiesan

electric field is induced in the CapaCitOf and thReld Resonance is an efﬁcacy of the physica| System tha
allows the current to transform to the other siflghe means the trend of that System to oscillate in mari
capacitor. As fig. 5 shows, a CPT system consiste’'0  amplitude in the special frequency. When two olsject
parts: transmitter and receiver. Each part has twgansfer energy by their oscillating fields withetsame
capacitors; a passive capacitor and an active #ne. natural frequencies, resonance inductive couplitmirs.
capacitive power transfer is discussed in [19] ili#%  |n this method, the basic components are a coihas
efficiency. receiver, another coil as a transmitter, a poweeggor
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and an electrical load. The energy is transmitteivben
the receiver and transmitter coils at the

coupling. In the inductive coupling method, thegfrtency
of the receiver and transmitter parts are not #mesand
this method is practical in very short distancet RIC
method is effective in longer distances. Fig. 6vahohe
basic structure of an RIC system.

receiver
A

transmitter

1
1
1

- load
distance

adjustingcircuit
adjustingcircuit

signal generator

[~==~==="=====1

L.____.I_____J

_______
matching the frequency of the
source and the adjusting circuit

Figure 6. An RIC system

In this structure the source makes an alternatiagratic
field in the primary coil that induces a voltage tme
secondary coil. Finally the power is transmittedthe
load. The load needs DC power. So, rectifiers aexad
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* Distance

resonant Although there isn’t any limitation for the maximum
frequency. This is actually the optimized inductive

distance between the primary and secondary ctsls, i
minimum distance should be the same as human skin’s
thickness which is about 8 millimeters.

* Size
This structure should be small enough to be placed
between the thorax and skin without making any
trouble for patient, and in some cases the inpliage
and the frequency have limitations too.

Proposed System

The main operation of this method in the physibaloty

is defined as the Coupled Mode Theory (CMT). This
theory can be summarized in this manner: in multi-
sectorial power system in which the parts are gigon
coupled, some parts that are oscillating in the esam
frequency (resonance) are more trepanned than those
parts which are just coupled (oscillating in diéfet
frequencies).

Modeling
The base of the operation is the same as usual
transformers but without any ferrous or ferrite &.oA

to convert the AC power to DC. For choosing thejayer of fat and skin will be placed between twalsco
components, there are many important factors Il t (receiver and transformer coils). In order to resie
required power, the distance between the receimer aeffect of distance and to compensate the low magnet

transmitter coils, the size of the system, and etc.

coupling in receiver and transmitter coils, it Bcassary
to supply it in high frequency and the resonance

An electromagnetic resonator consists of an indu@o frequency of the primary and secondary coils shdudd
capacitor and a resistor. In this circuit, energy ithe same as the source frequency. So, matchingorietw

oscillating between the inductor (stored energythie
magnetic field) and the capacitor (stored energyhm
electric field) and it would be lost in resistorhel
operation of the resonator can be described bynham

parameters: the resonance frequegggnd the resonators

loss [ . The resonance frequency is

-1 (1)

“ JLC
The ratio of these parameters is named qualityofa@t
which shows the quality of the stored energy imnasor:

-4 _Lla
xR

In order to increase efficiency, it is necessanh&ve a
high quality factor. In the section six, the propdsiesign
will be described more. Firstly, we should inveategthe
limitations.

)

Limitations

For designing a WPT charger for a DBS system theze
some limitations that affect the choise of compasen

These limitations are according to the following:

500

are required in both coils.

For two circle coils, the inductances in fig.7 atg#ained
using equations (3), (4) and (5) [14]:

That L, and Ls are the coil's self-inductancéy is the

coil's mutual coupling,uo is the coefficient of magnetic
permeability of the free spacg, and g are the coil's
radius, h is the distance between two coils, gnana 3
are the wire section’s radius.

M
I p oF g I
— — — —
Rs
4]
Vs hevwors| LP Ls [tow RL

Figure 7. General schematic of a WPT system
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Optimization The impedance matching network for receiving and

For matching the network in the secondary sideiaser transforming the maximum power from the source and

parallel capacitor can be used. Fig.8 shows thie nealso reducing the voltage to current ratio of tharse is

system. Each of the compensatory methods changes thlaced in the input part. This network is desigrimd

system’s electrical and behavioral features andome Smith chart diagram.

cases a special method is the main priority. When t

compensation in the secondary is in series, theubwn  Simulation Results

be a constant voltage and when it is in paralel,dutput To verify the the accurate operation of this systéns

can be a constant current [11-13]. designed for a 2A® load and simulated by PSIM
software. Fig. 9 shows the load's voltage.

M
It Ip o7y Is Cs 1z V_Load
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Figure 8. A WPT system with a compensation serie: o1 01002 S o.1008 o101
capacitor in the secondary side Figure 9. The Simulation of the output voltage by PSIM

Assuming the series capacitor in the secondaryaside for a 302 load resistance

the lossless matching network in the primary dide,

efficiency is: Experiments
yis: Fig. 10 and 11 show our experimental setup. Ingatap,
R, (6) Wwe used two boards for placing the elements, twD'sE
n= e | 2 as the load and some cow's meat for simulatinghef t
R,[-" +R[:*| + R, human body.
I2 I2
I
|2
2
» 1
(Rg+R. )V +| oL ——
l oC,
= (8)
I, oM

In equation (6)}is the efficiency of the system, Rp is the
primary coil’s resistance, Rs is the secondaryscodsistance
and RL is the load resistance. For maximum effeyemased
on equations (6) to (8), Cs can be obtained as:

C.= 21L (9)  Figure10. The photo of the proposed system
®,"

S
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Figure 13. The Output voltage for 1cm distance (Volt/div
=10usec , Time/div= 2V)

Table 2. Results for 1cm distance
Figure 11. Wireless power transmission through the meat

Im(MA) Vi (V) P (mW)

Also, some experimantal results are shown in the ne Input 45 7.4 333
sections. Firstly, there is no distance betweerptimary Output 45 3.08 138.6
and secondary coils and then this distance is ase by Efficiency 41.62%
1cm in every case. Fig.12 and table.1 show theubut
voltage and the results of the first test. In the third test, the distance was increased by.1c

Fig.14 and table.3 show the output voltage arel th

EmEIER [ e (e [ doraacas results of this test, respectively.

GInsTeK [ JEm)E [ 5]

J \ W

@ 28.516301=z \
~ T @= = T 16us (m) @.6e8s \[ @ f deemy  DC

[@F equency 28.51kHz  @Pk—Pk 11.2V

Figure 12. The Output voltage for zero distance case = e
(Volt/div =10usec , Time/div= 2V) [BFrovency 268kt @Ik 2600
Table 1. Results for no distance case Figure 14. The Output voltage for 2cm distance {di
=10usec , Time/div= 2V)
Im(MA) Vi (V) P (mW)
Input 45 7.2 324 Table 3. Results for 2cm distance
Output 45 7.1 319.5
Efficiency  98.6% I m(mA) Vi (V) P (mw)
In the second test, the coils are 1cm away fronmh eac C')T:gat j‘g 713 3(;1??
other. Fig.13 and table.2 show the output volt the L .
9 W utput voltage Efficiency 18.42%

results of this test, respectively.
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