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Abstract—This paper presented a modified efficient inductive In this paper the improved ASK modulator will be

powering link based on ASK modulator and propodédient class-
E power amplifier. The design presents the extepaat which is
located outside the body to transfer power and ttathe implanted
devices such as implanted Microsystems to stimwaate monitoring
the nerves and muscles. The system operated with dand
frequency 10MH according to industrial- scientific — medical (I3M
band to avoid the tissue heating. For externat, plae modulation
index is 11.1% and the modulation rate 7.2% wittadate 1 Mbit/s
assuming Thit = 1us. The system has been desigsiad 0.35xm
fabricated CMOS technology. The mathematical magiven and
the design is simulated using OrCAD P Spice 16f2veme tool and
for real-time simulation, the electronic workberdLISIM 11 has
been used.

presented with low frequency 80 KHand efficient class-E
power amplifier operated with low band carrier fregcy
10MH to avoid the tissue damage according to the imiclist
scientific - medical (ISM) band [5], with modulatioindex
11.1% to achieve 1Mbit/s for the external part. Tiductive
coupling link will be designed supposing that tingpianted
electronic device load resistor is 200-380with fixed value
of coupling factor K. The system has been desigusidg
0.35um fabricated CMOS technology. The mathematical
model will be given, and the design will be simathtusing
OrCAD P spice 16.2 software tools, and for real etim
simulation the electronic work bench MULISIM 11 wased.

Keywords—Implanted devices, ASK techniques, Class-E poweFhe outlined for this paper as follows. Sectionphigsents the

amplifier, Inductive powering and low-frequency 13¥nd.

|. INTRODUCTION

THE implanted biomedical devices are electronicsiambmsy
such as, peacemaker, retinal implants, cochleatairtg

overview system architecture, and the main elememnid
parameters are used in the system. Section llllag the
model for the ASK modulator. Section 1V, presente t
method and design for class-E power amplifier wilkculated
parameters and values. Section V presents the timduc

brine peacemaker implants and micro-system stimulatcoupling links with mathematical models. Section . VI

implants. The micro-system stimulators used to e and
monitoring the biological signal such as nervesnais,
muscles signals, blood pressure, intraocular pressdc. [1].
So far, the implanted devices powered using baterand
because of the limited time-life of the batteryeutical side
effect, researchers find several new methods toepcamd
monitoring the implanted devices [2], currently ma$ the
implanted devices powered transcutaneously usidgciive
coupling links. The system consisted of two paetsternal
part to transfer data and power inductively toititernal part
(implanted devices) which is located within the Yoldecause
of weak links between the two parts the system redfcient

external part which is consists of battery, modalaand
Power amplifier [3]. The modulation technique usedthe
implanted devices can be an amplitude shift key®K,

frequency shift keying FSK and phase shift keyir8KP The
ASK modulation is widely used due it is simplesthatecture,
low-power consumption and low cost as shown inl¢iceurer
review [4].
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Simulation and results discussion will be presenteatl in
section VII, the conclusion is given.

Il. SYSTEM OVERVIEW

The digital data and power transmission block diagifor
wireless implanted devices (IMPis represented in fig. 1.
The system is consists of two parts, the exterad jpcated
outside the body and consisted of power supplyarinlata
generator, ASK modulator and power amplifier. Theeinal
part consists of received coil behaves as a redeiwgenna,
rectifier to extract the data and convert RF sign& DC
voltage, voltage regulator to provide a stable DEage to

Regulator '7

Rectifier

Vol.
| Reference

Fig. 1 Block diagram for inductively power transgi

ASK
Modulator

Amplifier

|
Class-E |
\
|

the implanted device and ASK demodulator to dematéuthe
output signal. The inductive links Consists of tirRLC
circuits, and to have better power transfer efficie both
circuits tuned at the same resonant frequency. &xtternal
RLC circuit tuned at serial resonant to provide cav-I
impedance load, whereas the internal RLC circuitetl at
parallel resonant [6 and 7].
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The energy is needed to be transfer efficientlyfexternal ~ *-%¥ T N N I Y
to internal part, and to achieve efficient transics, an I N I T
efficient class-E power amplifier will be used. Tiecuit — wovi | || A
design for the external part shown in fig. 2. b i
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ll. ASKMODULATOR DESIGN o iR i
The modulator is an electronics device used to nabelthe Fig. 3 The binary signals (a, b) and ASK signajsijc
binary signals. Modulation techniques used in thelanted .
devices, and bio-telemetry systems are ASK, FSK R8K; Modulation index = V’"‘“‘T’m" x 100% Q)
max min

each of these modulation techniques has advantage a
disadvantage. ASK modulation will be used in ourkvdue..
it's simplest, low power consumption and low co$he
transmitted data rate can be improved by improvihg
electronics sub-circuits design. The ASK modulaised in Data rate
this work consists of fabricated switching NMOSns&stor
based on 0.35um technology with proposed editednpaters,
which created using edit Pspice mode in the sofiwtaols.
The modulator structure was shown in fig. 2. Thpolr
transistor Q2N2222 was used, the variable resisteing to
adjust the modulation index with value 11.1%, matioh
rate 7.2%. The binary signal with,s= 4us generated using
Mapche;ter encoder, .Sh'ﬂ register 7.4STD. to .geeesa.tlal IV. METHODAND DESIGN FORCLASS-E AMPLIFIER AT 10MHZ
digital signals according to the configuration isettwhich
given by the users or using P spice software tololsthis Class-E power amplifier is widely used in biotelérpe
work, the binary signal generated using PspicetfancThe System and in external part of the implanted devibee to its
modulator powered with  =5v and this voltage higher thanhigh theoretical efficiency 90-95 %, simplest (riegs only
the voltage which supply the power amplifier in @rdo one active device), high-energy transmission andsemes
compensate the drop voltage in the ASK modulatior. ¥(a), power when used as a modulator because it elinsntie
shown the binary data signal for ASK modulator witlues need for a mixer [8]. The class-E power amplifiusture
"1" and "0". Fig. 3 (b), shown the supply voltadettee class- consists of the inductor choke (RFC) with very dmal
E power amplifier which is between 2.7 V and 3.dapended resistance to avoid drops inpower supply, which supplied
on switching mode of NMOS transistor. Fig. 3 (¢)o® ASK  from ASK modulator, fabricated single pole NMOSFET
modulated signal at the transmitted coil withay= 60 v and - gyjitching transistor connected with a parallel azifor to
Vimin= 48 v the modulation index and modulation cal@das gnsyre zero-voltage switching of non-ideal  NMOSFT
givenin (1 and 2). transistor and RLC network tuned at the certaigquemcy to
achieve a constant current from the supply soundecanverts
the digital input signal into a sinusoidal outpigral with
zero DC offset. The developed class-E power areplifi
operated with low band frequency according to (ISNMAMH,
to avoid the tissue damage [9]. The mathematicatleho
should be calculated as fellows. Suppose that, BAlBO mw,
fO is 10 MHz, \bp will be 3.3 V; R (load resistor) is 5@,
and the Switch with 50% of the duty cycle.

where Vhax and Vi presents the maximum and minimum
amplitude for ASK modulation.

= 1009 2
Operated frequency % % @

Fig. 3(d) shows the received ASK modulation at the
inductive received coil with Mo = 8 v and Vi, = 6.3 v, we
noted that the modulation index for both sidesdnaitter and
received coils has approximately same modulatidexn
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For optimum power of class-E amplifier we haveita fthe

optimum resistance R,. Equation (3) is used to calculate the

optimum resistance [10]. Equations (4, 5 and 6)dute
calculate values of class-E components as shoyig /

2 Vé
Pout:?XRCC 3)
14— Lopt
4
€=~ ——= - - (4)
ORL[ET2+1][g] 0(5.447Ry)
_ OR
L= (5)
¢, = 5447] [1+Q1§208 ©)

For maximum efficiency the quality factor (Q) shadude at
maximum value and consistent with the desired béattiyw
and considering that a high-quality factor of thddctive coll
should make the output as close to an ideal sidabas
possible, and the very high Q factor reduces tHect¥e
bandwidth of the system [11]. So, the choice of tjality
factor must be realistic according to (7). Then theality
factor Q will be 10.

Q<= (7

High efficient class-E power amplifier can be avkid by
reducing the transistor switching losses,
transistor tuned ON when the drain voltage comes lia
zero, reducing the turn ON loss zero voltage swighThe
drain voltage is also raised from zero at the tiwhdurning
ON which allows for slight returning without losinig the
efficiency as shown in fig 5.
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Fig. 4 Block dlagram and values for Class-E PA
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Fig. 5 (a) Drain-Source and Gate-Source in timd, (&) voltage
output signal

V.INDUCTIVE POWERIN LINKS

Currently most of the implanted devices powered
inductively, which is a suitable method for poweradd
transfer data at a short range. In general, theictine
coupling link consists of two resonant network gite RLC as
shown in fig. 6. [12], the first one located outsithe human
body called primary part, external part or in vigart, this part
driven by efficient power amplifier. The second tpiacated
within the human body called secondary part, irdepart or
in vivo part and powered from external part whepo#gion of
generated magnetic flux from the external partdspted to
the secondary coil and inductee voltage there, dbisact as
an antenna. To get better power transfer efficiertye
primary and secondary coils tuned at the same aggon
frequency. The inductive coupling link variables pamary
coil inductance Lt, secondary coil inductance Lesanant
frequency §, mutual inductance M, and coupling factor
(coupling coefficient K must be 0< K <1), theseiahtes have
direct effect on the coupling link efficiency. Thmupling
factor K is the main factor used to determine theant of
power that can be delivered to the implanted devjéd and
15].
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In this section, a new relationship is discussetl amalyzed
between the voltage gaing), and other variables such as
coupling coefficient K and resistive load,& (Implanted
devices). The mathematical model for the inductivepling
link will be calculated as a fellow. The couplingcfor K
defined as the ratio of the flux linking the secandcoil from
the primary coil, as given in (8).

M
K = ®)
JLtLy
The primary capacitance Ct is calculated in sectlras
given in (4), and the secondary capacitance Cutalked as in

(9).
Ripaa + R Rlzoad - 4(‘)51‘%

2(‘)gRioadLr ®)
Where R4 is presents the implanted resistance [12], &and i
should be > @Lr.

The simulation in fig. 7 shows that the both cailsed at
the same resonance frequency, and the inductivies lin
consider as a pass band filter at central frequéftyH,. The
simulation in fig. 8, shows the relationship betwethe
constant load resistor at value Zb@vith different coupling
factors (K =0.2, K=0.3, K=0.4,K=0.5, K=60K =0.7)
where the best voltage gain is achieved when K=Bi@ 9,
shows the relationship between constant couplingtofa
K=0.3 and variables load resistorsgr= 2002, Rgag= 250
Rioad = 3002, Roag= 352, Roag = 4002). The results show
that this design is suitable to be powered implhrdevices
with resistance load 20D to 45@ and the value of the
implanted resistanceJg; act as a function of the amplitude of
the received voltage at the secondary coil, andldrger of
this voltage meaning more of power dissipations.

0t R Mo
H——AW\— g——'Wv-l— -
Bovar { Cr
yelr T

Battery O i

Cr =

5. OVA
2.5V
Ve . — 8
9. 699ME 9. 800MHz 10. 000MHz 10. 200MHz
o (Rr:])
Fr equency

(b)

Fig. 7 Primary and secondary coils (a and b) tuatetie same

15v

frequency

10V~

SV

10.0MHz Z0.0MH=z
Freguency

Fig. 8 Voltage gain with constant load resist@rR2502 and

15V

Variable coupling factors

10V +

SV

ov

1.3MHz

10.0MHz Z0.0MHz Z4.5MH=z
Frequency

Fig. 9 Voltage gain with constant coupling factor8.3 and

variables load resistors

VI. SIMULATION MODEL AND RESULTS
The simulation in this paper was presented usirgple

e »
Rectifir % Rload software tool 16.2 and electronic workbench MULISIM.
{ l Fig. 3, was simulated by P Spice (a) show the pirgata
| signal with "1" and "0" values provided to ASK mdaator
with rising time and fail time equal 0.1 ns witheduency

Fig. 6 Block diagram for transcutaneous inductivepting link 80KHz, (b) show the power supply provided to the class-E
power amplifier, this voltage is equal 2.53o 3.7 \pp and

these voltages are sufficient for operating the groamplifier,
(c) shows the ASK modulated signal on the transmitoil

3.5 With Via, = 60 v and Vi = 48 v, (d) show ASK modulated

signal at the received coil with,My = 8 v and V,;, = 6.3 v,

5.0\ both transmitted and received signal have modinaithdex

11.1%. and modulation rate 7.2%. Fig. 5 simulated b

12.5\- Multisim 11, in order to simulate and determine thklOS

transistor switching of class-E in real-time andwtthe ON,
OFF transistor switching, wheng¥ = 0 the drain-source

0= . T . T voltage \bs in maximum value and whenpyY = 0 the gain-
9. 9 10. 0Mt 10. I source voltage ¥sin maximum value, and show the output
IJV(TXl: 1) signal of the power amplifier with high efficientome than
87%, the class-E PA provided a stable sinusoidgatito the
Frequency ) . : . )
inductive coupling link to increase the overhaulstsyn
(@) efficiency.
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Fig. 7 shows that the transmitter and receiverscmihed at [14]
same frequency 10MHand this gave the system more
efficiency. Fig. 8 and 9, shows the relationshipweaen
coupling factor, implanted load resistance andag#t gain, [15]
the result shows that at fixed load resistance I@mtp
resistance) 250 and coupling factor K = 0.3 the voltage gain
will be in maximum value. Notably, that the valué tbe
implanted resistancedg; act as a function of the amplitude of
the received voltage at the secondary coil, andlahger of
this voltage meaning more of power dissipations

VIl. CONCLUSION

In this paper, the design of the external part remgfer
power and data to the implanted devices with 10,Mking
ASK modulation technique was presented. The therts pf
the external system was designed and simulated Qi@AD
Pspice 16.2 software tools, and Multisim 11. Theuls show
that the system can transfer the efficient powerthe
implanted devices with data rate 1 Mbit/s and matioh
index 11.1%. This system is suitable for micro-syst
implants, which have a resistance 2004350
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