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Design of Wireless Power and Data Transmission Circuits for Implantable Biomicrosystem
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Abstract: This study describes the design of an inductive powering system that combines power transfer with
data transmission for implantable biomicrosystem. The implant receives power from an external transmitter
through an inductive link between an external power transmission coil and the implanted receiving coil. We
designed a transmitter with class E power amplifier to provide maximum power with high-efficiency. Tt is
possible to obtain about 136 mW of power in the secondary system with an efficiency of about 50%. A bit rate
of 1 Mbps is achieved for sending command data to the implant. We propose a communication system for the
medical implants which uses inductive link. This system is consisted of a class E power amplifier, an ASK

modulator, an inductive link and an ASK demodulator.
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INTRODUCTION

Implantable stimulators such as pacemalkers,
defibrillators, cochlear implants, instrumented orthopaedic
implants, deep brain and spinal cord stimulators have
found a variety of applications in improving the quality of
patient’s lives (Pamela et of., 2006; Burny ef al., 2000,
Loeb et al., 1998, Wise et al., 2004). Broad research is
underway to provide new devices for other applications

such as wvisual prosthesis, recording devices and
neuromuscular controllers (Margalit et al, 2002,
Stangel et al., 2001, Mohseni and Najafi, 2005,

Harrison et al, 2007; Harrison and Charles, 2003;
Watkins et al., 2006, Sawan, 2004). Reducing the size and
power consumption have been the two major challenges
mn designing these implantable microelectronics because
the implantation procedure should be minimally invasive
to the patient. Batteries are not the optimal choice for
implantable devices, because their lifetime is limited and
they are usually large and leaks can pose a hazard to
tissues. For most of these long-term implantable
devices, an external transcutaneous wireless link is
preferred to an internal battery for the power supply
(Galbraith, 1987; Catrysse et al., 2004). Wireless operation
is required for most of the biomedical implantable circuits.
Many of these devices are powered by inductive coupling
in the centimetre range distance over the skin barrier.
Some of the biomedical implants, particularly those which
interface with the central nervous system, such as
cochlear and visual prostheses, need large amounts of
data to simultaneously interface with a large number of
neurons through multiple channels (Suaning and Lovell,

2001; Wang et al., 2004). Therefore, a high data-rate
receiver circuitry that can establish an efficient wireless
link between the implant and the external units is highly
needed.

Present study field is interested to the cochlear
implant (Ghorbel et al., 2006) and implanted micro-sensor
system for measurements and recording of neural signal
from auditory nerve. The main objective of this study is to
supply medical implant with power and data. Tn this study,
we present inductive powering system that has been
optimised towards maximal power transfer efficiency and
high data rate. The crucial point of this study is to achieve
a power efficiency of 50% and 1 Mbit sec™ data rate.

Figure 1 shows the synoptic diagram of wireless
powering and data communication for implantable
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medical devices. The external part is consisting of a
modulator and power amplifier. The internal part contaimns
voltage regulator and demodulator. Then, the implanted
device 1s externally controlled and powered by a
modulated radio frequency signal. The receiver circuitry
of the implant provides the stably regulated voltage
and demodulates the data from radio frequency signal
(Ben Hmida et al., 2006).

INDUCTIVE LINK

An inductive link, when used in implanted biomedical
imstruments, 1s alse known as a transcutaneous
transformer, simce its prunary and secondary coils are
physically separated and commumcate through the
electromagnetic field lnking the two coils. Extensive
research has been performed to analyze and optimize the
operation of such inductive links (Gervais et al., 2003) and
there exist many applications of inductive links to deliver
power and data into implants (Huang and Oberle, 1998).

Equivalent electrical circuit: The equivalent electrical
circuit of an inductive link is depicted in Fig. 2. Tt consists
of the self-inductances 1., and resistances R, of the
primary and secondary coil (where n = 1, 2), the mutual
mnductance M between the two coils, the link load
mmpedance Z, and a voltage source V,. The equvalent
circuit can be described by Eq. 1 through Eq. 3.

V,=jol, I, + R, I, +joMI, (1)
V, = joML, T, + jol,I, R, T, 2)
V,=-7Z,1, 3

An often used measure for the coupling between two
coils 1s the coupling factor or coupling coefficient k, given
by:

- M

JoL

Physically, the coupling factor equals the fraction of
magnetic flux generated by the primary coil 1.,, which
flows through the secondary coil L, and as mutual
mductance 15 a reciprocal property of two coils, vice
versa. The secondary current I, and voltage V, can be
easily calculated from Eq. 1 through Eq. 3:

(“4)

= oMy (5)
joL + R +Z,
v, joMZ,
V, co’(M] -LL, )+ jco(LIZ] +LR, +L]Ru) (6)

+RL1Z2 + RLIRLz
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Fig. 2: Schematic overview of an mductive link
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Fig. 3: Equivalent circuit of inductive link transformed
into Zequivalent

The link impedance Z, as seen from the voltage source
V,in Fig. 2 is also easily calculated from the link equations
and is given by:

7z )

Link

% =joL +R, +7Z ...

1

in which 7.4 18 the equivalent impedance of the
secondary circuit as seen by the primary circuit, as shown
in Fig. 3:

The expression of the equivalent impedance 1s given

by:

' M*
Z = (8)
e oL, + R+ 7,

The link efficiency 1, 1s defined by the ratio of
the power dissipated in the link load impedance 7, and the
power delivered by the voltage source V. It 1s given by:
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inéeq\aL*)
M = ®)
%éd(VL)
N = o' MR,
= R, (RL+R)+(oL,+X,))  (10)

+o'M* (R, +R,)

in which I* is the complex conjugate of T, and
7, =R, +jX,.

Optimization and design choices: Tt can easily be seen
from Eq. 10 that the link efficiency 1y, 13 maximal when
wL, = -X,. This can be achieved by tuning the secondary
coil with a parallel or series capacitance.

Secondary circuit in series resonance: For a series tuned
secondary coil as shown in Fig. 4a, the lnk load
resistance R, and the link load reactance X, become

R,= R4 (11)
X - L (12)
oC

where R, is the impedance of the load circuit and C,, is
the series capacitance. The optimal choice for the series
capacitor C,; 1s then:

(13)

The equivalent impedance Z ... of the secondary
circuit then simplifies to

@' M

R=— a4
- RL] + Rlnxd

equivskbre

Secondary circuit in parallel resonance: For a parallel
tuned secondary coil, depicted in Fig. 4b, R, and X, are
given by:

Ro= R (15)
1+ oR,C

_ ORLG, (16)
T lveRLC
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Fig. 4: (a) Series tuned secondary coil and (b) Parallel
tuned secondary coil

Table 1: Inductive link parameter values

Operating frequency £=13.56 MHZ
Quality factor of the primary coil Q, =220
Quality factor of the secondary coil Q=52
Primary coil L, =548 puH
Secondary coil 1,=1uH
Parasitic resistance of the transmitter coil Ry =2.12Q
Parasitic resistance of the receiver coil Ry = 1.63Q
Load resistance Ry = 3000

The optimal choice for the parallel capacitor C,, is:

R +,/R’ —4w’Ll
C — Toad load CO 2

* 20°R L.

(17)

The equivalent impedance Z ... of the secondary
circuit then simplifies to

M (R, +fR,, -4 )

R,, +R Rl —4o'L,

127 load

(18)

2w’ +R

So that the Eq. 17 and 18 are mathematically true, one
must check the following condition:

(R}, —40'L,)>0 = R, >2eL, (19

Application: The model of the inductive link, described
earlier, 18 applied by respecting the requirements of our
specifications given by Table 1:

Ry, = 300 Q) which checks the condition given by
the Eq. 19,1, R, > 170.4 Q.

Using software MAPLE, one plots the module of
voltage gain curves by using the Eq. 6 and of the link
efficiency by using the Eq. 10 versus coupling coefficient
k, given respectively by Fig. 5a and b.

One applies the Eq. 6 of the voltage gain for the two
cases; series and parallel resonance. By analyzing the
curves obtaned Fig. 5a, it 1s noticed that one can achieve
a maximum gain of 0.6 for a coupling coefficient about 0.6
for a secondary circuit in parallel resonance. In the case of
a serles resonance the voltage gain 1s always lower than
that of a parallel tuned secondary circuit.
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One applies the Eq. 10 of the link efficiency for the
two cases of series and parallel resonance. By analyzing
the curves obtained Fig. 5b, it 1s noticed that one can
reach a maximum efficiency about 0.92 for a coupling
coefficient higher than 0.2 in the case of a parallel tuned
secondary circuit.

The majority of the electromic implants, one uses
a coupling coefficient which does not exceed 0.45. In this
zone of coupling, the link efficiency given by a secondary
circuit tuned in parallel resonance is better than that given
by a secondary circuit tumed in series resonance.

Thereafter, we will treat the only case of a parallel
resonance since it offers characteristics, such as the
voltage gain and the link efficiency, certainly better than
that given by a series resonance.

Figures 6a-c give respectively an estimate of the
module of voltage gain, link efficiency and the equivalent
impedance Z_, ., of the secondary circuit versus the
load resistance (275 Q < Ry, < 325 Q) and the coupling
coefficient k.

By analyzing the curve given by Fig. 6a, it is noticed
that when the load is increased, the voltage gain also
mcreases, fora coupling coefficient lower than 0.6. It is

bt

Voltage gain module

02

0.4

clear that the load variation, between 275 and 325 Q. does
not have a great effect on the gain voltage module. By
analyzing the curve given by Fig. 6b, it is observed that
when the load is increased, the link efficiency degrades
slightly. Tt is clear that the load variation between 275 and
325 () does not have a great effect on the link efficiency.
Tt is also noticed that the link efficiency reaches its
maximum for a coupling coefficient higher than 0.3.

The equivalent impedance 7_;, .. of the secondary
circuit tuned in parallel resonance, given by equation 18,
transferred into primary circuit is plotted Fig. 6c. By
analyzing this curve; we notice that when the load is
increased, the equivalent impedance of the secondary
increases slightly. In conclusion, the load variation
between 275 and 325 ), does not have a great effect, for
a given coupling coefficient, on these three preceding
characteristics.

By fixing the coefficient of coupling k = 0.1678
{calculated for an average value of the R,,,; = 300 Q and an
equivalent impedance of 39.755Q), we plotted the curve of
the equivalent impedance of the secondary circuit
transferred to the primary circuit, gain voltage module
and link efficiency versus the load resistance variation
Fig. 7a-c.
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Fig. 5: (a) Voltage gaimn module and (b) Link efficiency vs coupling coefficient

Fig. 6: (a) Voltage gain module, (b) Link efficiency and (¢) Zequivalent, vs load resistance and coupling coefficient
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Fig. 7: (a) Equivalent impedance, (b) Gain voltage module and (¢) Link efficiency vs resistance

Table 2: Variation of Z, ..., Voltage gain and link efficiency for coupling
coetficient k = 0.1678

Ry () 275 300 325
AN (9) 35.89 39.75 43.48
Voltage gain 00.206 00.226 00.245
Link efficiency (%) 89.49 80.44 80.31

According to the curve obtained Fig. 7a-b, the
equivalent impedance and the gain voltage module follow
a linear function in dependence of the load.

Table 2 summarizes the results obtained previously,
the coupling coefficient is k = 0.1678.

Inductive link simulation: The electronic circuit of
inductive link is depicted in Fig. 8. The primary and the
secondary circuit are tuned to the carrier frequency of
13.56 MHZ. By using PSpice simulation, we had plot the
gain voltage of the inductive link circuit for some coupling
coefficient values (k= 0.01; 0.1, 013, 0.15,02;: 03)ata
load of 300 Q, as shown in Fig. 9. We denote that
according to this plot, the inductive link behaves as a
pass band filter at the central frequency 13.56 MHZ.

The analysis of this simulation shows that:

For a coupling coefficient lower than 0.13, the band
width is lower than 1 MHZ.

For a coupling coefficient upper than 0.15, the band
width is upper than 1.5 MHZ.

Transmission through Dbiological ftissues: The
transmission through human tissues is governed by
standards. The principal standard fixes a limit for Specific
Absorption Rate (SAR). The SAR corresponds to the
quantity of power absorbed by biological tissues. Several
studies are made to determine the effects of the
electromagnetic waves on the human body. It 13 the case
of inductive link which transmits energy through
biological tissues.

With an amn of simplifying the analysis, it 1s
appropriate to check initially if one can use the quasi-
static approximation. Tt is the case when the operation
distance 1s negligible compared to the wavelength.
For medical implants that use an inductive link,
the typical operation distance is nearly 1 cm and the
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Fig. 8: Electronic circuit of inductive link
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operating frequency is equal to 13.56 MHZ. In this case,
the principal losses of energy will not take place due to
the reflections, but by the phenomenon of the Foucault
currents. To know the losses, it is necessary to know the
conductivity of materials crossed by the magnetic field.
The complexity of biological tissues led to several studies,
including one very complete made by Gabriel and Gabriel
(1996), the results of this study give a mathematical model
as well as the various constants for each type of tissues.

The complete analysis of the phenomenon is
complicated, but a typical case can be illustrated
according to results’ presented by Schuder ef al. (1976).
The calculation of power, absorbed by biological tissues
(skin), according to the Eq. 20, where K[G] and E[G] are
complete elliptic mntegrals of first and second order,
respectively. The other parameters used are provided
to Table 3. The evaluation of the Eq. 20 is nearly 0.6 mW.
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Table 3: Parameter values used by equation (20)

Symbol Parameters Value

I Current 01A

w Angular frequency 852 10°rads™!
n Turns No. of coil 5

Mo Permeability of free space 4w 107" Hm™!
a Radius of transmitter coil 0.0175m

b Distance between coil and skin 0.005m

g The conductivity of material 0.23802 S m™*
o Integration variable (radius) -

z Integration variable (depth)

For a case where the total power exceeds 130 mW, the
losses are thus lower than 0.5% and can be regarded as
being negligible.

I'e'n‘uwa’c?3 (2 2 ’
P=———— ——g |Klg|-—E 2ndpd (20)
A’ ”[[g g] el g [g]J e

With
2pa1f2

CLASS-E POWER AMPLIFIER

The critical element of the external transmitter is the
circult to drive the transmitter coil. There are many types
of amplifiers that may be suitable. Among them class D
and class-E with both theoretical 100% of efficiency (only
ideal switches) are very suitable candidates. The topology
chosen 1s class E. The major advantage of this topology
versus other types (like class D or class C) is essentially
the easy inclusion of the parasitic drain-source
capacitance of the switch transistor into the design
optimization.

Circuit analysis: Achieving high power transfer
efficiency is one of the challenges that one would
face in the design of such systems. For this reason,
we use a transmitter with class E power amplifier
to provide maximum power transfer with lngh-efficiency.
A structure of class E power amplifier is shown in
Fig. 10, A Thigh-speed power switch (MOSFET
transistor) drives a resonant network consisting of a
parallel capacitor or shunt capacitor (C,), a transmaitter
coil (I.)), a tuning capacitor (C) and a resistive load (R,)
e, R, represents the equivalent load of the
implanted device with the receiver coil and parasitic
resistances of the transmitter coil. When the switch 1s
OFF, the RF choke inductor (RFC) actsas a
current source charging the resonant network and
creating a transient voltage across the switch. When the
switch 15 ON, its current rises smoothly until the
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Fig. 10: Basic circuit of the class E amplifier
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Fig. 11: Theoretical wavesforms of the switch voltage
(Vds) and current (Id)

switch 1s off again (Fig. 11). Losses are kept at mimmum
by having the transistor switch on when both voltage and
current are small (Sokal and Sokal, 1975; Kendir ef al.,
2005). The current and voltage across the transmitter coil
are sinusoldal at the resonant frequency of the tank
circuit, which has to be the same as the driver switching
frequency. The optimum conditions, i.e., Zero-Voltage
Switching (ZV3) and Zero-Voltage-derivative Switching
(ZVDS) are necessary for the Class E amplifier to achieve
high efficiency (Suetsugu and Kazimierczuk, 2004, Raab,
1977, Kazimierczuk and Puczko, 1987). The efficiency of
Class E transmitter can reach 100% with theoretical
design.

Design of the Analytical Equations for Optimum
Operation: The derivations of design equations are
carried out under the following assumptions.
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¢+ The shunt capacitance of the amplifier consists of
the MOSFET output capacitance and an external
linear capacitance.

¢ The inductance of the choke coil is large enough to
neglect its current ripple.

»  The internal resistance of the choke coil 15 zero,
therefore, the dc voltage drop across the choke 1s
Zero,

¢ The loaded quality factor of the output resonant
circuit 18 high enough so that the output current can
be considered a sine wave.

¢ The load resistance includes parasitic resistances of
the series resonant circuit; 1.e., the resonant circuit 1s
considered to be a pure reactance.

*  The MOSFET ON resistance 18 low enough so that
the current and voltage waveforms remain almost
unchanged.

* The MOSFET turns on and off very fast so the
transition time can be neglected. Since the transistor
is turned on at zero voltage in the Class E amplifier,
the turn-on transition is negligible.

*  The switch duty cycle 15 0.5.

Referring to Fig. 10, the current through the circuit is
given by:

I, + 1 sin(ot+¢)=1 (et)+ 1 (o) (22)

Where T, is the dc input current, T,,,is the output current
amplitude and 6 = wt. The current through the shunt
capacitance i1s L. I; is the current through MOSFET
transistor. Figure 11 shows theoretical waveforms of the
switch voltage (V,,) and current (T,).

»  When the switch1s ON, e, for 0 <0 < T,

Vy (wt) =0 23
L (wt)=0 (24)

Equation 22 gives :
L (wt) = L+, sin{wt+d) (25)

*  When the switch is OFF, i.e., for T <6 < 2,
Li{w)=0 (26)
The current through the shunt capacitance is given by:

L (0t) = L+L,, sin(ot+) 27)

Hence,
vV, (ot)= ijl (@t)dt :L[(mt)ld ~1,, cos{et + ¢)] + K1
c,° 7 oC, T
(28)

V() =0, so we can obtain K1
So,

V, (ot)= é[(mt -m, —I (cos(wt+¢)+cos ¢)](29)

a

Imposing the ZVS condition given by V(21) = 0 then

cos ¢ = Ln (30)
2l
Imposing the ZVDS v, =0
dt

condition at the switch turm-on (wt = 27)

LA, sing=0 (30

L (32)

o

= sing=

From Eq. 30 and 32, we obtain:

¢ = tan™ [—_zj = 32.48° (33)

T

Since the de component of the voltage drop across the
choke inductor is zero, the average value of the switch
voltage 1s equal to the dc supply voltage. Thus:

121!
V. = —| V. (etdmt 34
; 2n7.[ L (etdo

Using Eq. 29, 30 and 32, we obtam:

Vdd: —*— (35)
nnC,
V. 18 maximal when: dv, (t) _ 0
dt
Then: Idc+Iout SjIl ((J‘)t+d)) = 0: wt # d) (36)
On (32) gives wt = 1-2¢ (37)

So, calculating drain source voltage:

vﬁ(n—zct):—’j"gﬁ (38)
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Using Eq. 35 and 38, one obtains:

%W:fﬂm:3%2 (39)

ad

The output impedance can be decomposed nto two
constituents: real and imaginary. The real part of the
impedance gives a V; voltage. The imaginary part of the
impedance gives V, voltage. The V() function is
periodic; so we can calculate the first order coefficients of
the Fourier series of this signal.

*  Real part:
vg:ljn@mﬁm@n+@mm (40)
FLU
_ 8LV, (410
L+ A
R = Ve Val 8 (42)
1L I w4
*  Imagmary part:
1 m
V.. = —j V, (wt)cos(mt + ¢)dmt (43)
FLU
Vds :ﬂlmvﬁ[ﬂ *4} (44)
< 21, (w44
(45)

\Y 1
X=@mlLs=—2= Wu(m -4
1, 2, \wva

ot

X = 0, then X = wlLs with Ls is an excess inductance.
The output power is done by:

P, LI, /R, 1| V—[ij (46)
2 2isindg ) 21\ 1" +4

Asaresult: P, =1. Vi, 47
Drain efficiency is: L. LY, =1 (48)
Pd& Idxvdd

So the class E power amplifier has a theoretical efficiency
on 100%.
The quality factor of the resonant circuit is given by:

o, -2k (49)
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Using Eq. 42 and 47, the load resistance is given
by:

__ 8V (50)
"R (' +4)

Using Eq. 45 and 47, the excess mductance 18 given by:

X avVin-4)

o 2oP (1'+4)

(51)

Using Eq. 49 and 50, the resonator inductor is given
by:

__8QV, (52)
oP (n° +4)

The condition of resonance of LC circuit is LCw® =1, so
the expression of the resonator capacitance 1s given by:

co Pin+4)
80Q,V,’

(53)

The shunt capacitance 1 expressed from Eq. 35 and 47
by:

c = t= (54)
oV,

Class-E simulation: To verify the theoretical results,
class-E power amplifier was simulated with PSpice. We
desire to achieve an output power of 150 mW. So using
analytical design equations described earlier, we calculate
the different class-E component values. The Table 4
contains the class-E parameter values. The theoretical
value of shunt capacitor is 51.46 pF, but this value
doesn’t give the optinum operation; due to the
assumption that C; consists of the MOSFET output
capacitance and an external linear capacitance. Using the
method specified by Sokal (2001) to search the optimum
operation point, one found C, = 56.5 pF. The simulated

Table 4: Class-E parameter values

Operating frequency 13.56 MHZ,

Supply voltage Vu=33V

Load resistance R, =41.87Q
Excess inductance L, =566.45 nH
Quality factor QL=10

Resonator inductor L=4.915 pH
Transmitter coil 1, =1+L,=548 uH
Shunt capacitance Cy=56.5pF

RF choke inductor Lipe=12 pH
Resonator capacitance C=28pF

NMOS transistor W/L 1000/0.35 {um pm™")
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Fig. 13: Simulation waveforms, (a) Gate-Source voltage,
(b) Current through the shunt capacitance, (c)
Current through the NMOS transistor and (d)
Current through the transmitter coil

waveforms of the gate-source voltage V,, and drain-
source voltage V, are shown i Fig. 12. The ZVS
operation was achieved at the switching frequency 13.56
MHZ (13.56 MH7 that belongs to the ISM band:
Industrial-Scientific -Medical). Using Eq. 39, we calculate
the switch peak voltage Vg, = 11.75 V. The simulation
value of Vi .. was 11.67 V. Figure 13 shows simulation
waveforms of the gate-source voltage (a), the current
through the shunt capacitance (b) and current through
the NMOS transistor (¢). The current through the
transmitter coil, Fig. 13d, is almost sinusoidal due to the
high quality factor (Q_ = 10). The DC power given by
the V,; source (Ppc) 15 148.2mW, while the absorbed
power by the load R, (P,,) 15 134 mW. The drain
efficiency 1s then: DE =P /P, = 90.41%.

The theoretical results were validated by PSpice
simulation. In particular, the switch voltage waveform
satisfied both conditions for optimum operation. The
dram efficiency of class-E transmitter can reach 90.4%, by
Pspice simulation, using a model of a real transistor.

POWER AND DATA TRANSFER

Modulator design: Tn the frequency modulation or phase
modulation cases, the modulated signal has a relatively
wide band with compared to the amplitude modulation.
Furthermore, mn the implants case, the power must be
transmit on an TSM band which is relatively narrow. Seen
that the transmission canal m these implantable systems
is the inductive link which 1s behaves as a selective filter,
our choice approved the amplitude modulation.

The amplifier modulator structure presented in the
Fig. 17, contams a pair of bipolar transistors Q, and Q,
(Darlington pair). The voltage source V, (modulating
signal) generates a binary signal with a T,;, = 5 us. The
NMOS transistor M, works as a switch. The modulation
rate can be adjustable with resistance R,. The voltage
supply Vy is fixed at 5V instead of 3.3V in order to
recuperate the voltage drop engendered by the modulator
ASK. The supply voltage of the class E power amplifier is
measured between the transistor Q, emitter and the
ground, as illustrated in the Fig. 14b. The level voltage is
2.92 V when the bit to transmit 1s 1 and 3.7 V in the case
when the message is 0 (Fig. 14a-b). We notice that this
voltage variation 1s around 3.3 V, the voltage for which
the amplifier structure was studied. Figure 14c-d the
voltage signals at the emaitters and receivers coil nodes for
a coupling coefficientlc = 0.15. The class E power amplifier
output voltage 1s an ASK modulated signal (Fig. 14c).
We denote that the received voltage at the receiver coil
nodes 1s also a ASK modulated signal with a modulation
rate of 18.25% (Fig. 14d). The supplied power by the V,
source (Ppc) 18 274 mW. The received power, by the
inductive link, consumed by the resistance R, is
136.6 mW, where R, is an equivalent resistance of all the
implantable part. That gives a power efficiency of 50%.

ASK Demodulator
ASK demodulator principles: The received modulation
signal, at the receiver coil, shown by the bloc diagram of
the Fig. 15.

The envelope detector is consisting in a rectifier
followed by a filter. The potential comparator for this
application is a Schmitt's Trigger.

Design of ASK demodulator: The proposed ASK
demodulator structure was based on the specific
following technology: the AMS 0.35 pm, 3-metal, 2-poly,
n-well standard CMOS process. Figure 17 presents all the
studied inductive powering system.

The part including transistors M, and M, and the
capacitor C, constitute the envelope detector. The
transistor M, 18 set at a diode stage to realize a simple
alternation rectifier. The transistor M, and the capacitor
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C, provide a filter. The circuit formed by transistors M, to
M ; realizes a Schmitt's Trigger. Finally, we reverse the
signal formed by the two fransistors M, and M,. The
demodulated signal is presented in Fig. 16c. The voltage
source V,, is in reality a regulated voltage, it is obtained
from the received signal in thereceiver coil nodesas a

Band gap structure. The simulation results, given
by the Fig. 16, have been made at a voltage source
V, (modulating signal) which generates a binary signal
with T, = 1 ps then a data rate of 1 Mbit sec”'. The
output signal of the envelope detector is shown in
Fig. 16b.
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Fig. 14: (a) Binary data zignal, (b) Supply voltage of the class E power amplifier, (c) Voltage signal at the transmitter coil
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ASK
modu]ated_’]?.mnlope
cignal detector

+

comparator

Demndulated

> gl

Fig.15: Block diagram of ASK demodulator

&

2
z

=V (VZ:H)

g

2.0 @)
0.0

= V{M7:g)

4.0 )]
ZO:I/\IV'\NWNIV\I\IWVMMNV\N
$55%
407
2.0
0.0

;
; L] T
08 5Sus
n V {(M1d:s)

10us 15w 20us 25us MWus 35w 40ms 450y S0us
Time

Fig. 16: (a) Binary data signal, (b) The output signal of the envelope detector and (¢) Demodulated Signal

162



Biotechnology, 6 (2): 153-164, 2007

vad
[*]
< RI
% 500 @
Vi=0v M2 W=10u Q1
V2=15v = L=035u
TD=0 V2 MN"__I__
TR=0.1n =0 ASK modulator Skin
TF=0.1n L RFC ]
PW=51u 0 12 il External part Internal part
PER=10u
COUPLING = 0.15
=0 SR N
1 ry
28p TX1 1.63
V1=0v [V 1000y
vdd VI=2V L=035u = C2p < RS
TD=0 \Z il 1 137.75p 3 300
Vddi TR=05n MN | T Csdﬁs
svie T TF=05n P
= PW=36.87 ns Class E ifi ——
0 PER=73741s L -4 8 B amplifier 4 ctive link -
=0 =0 L1_VALUE=548ull =
L2 VALUE =1 uH
vdd2
Q
s |
- W=100u
MP| "] L-oBsu
M3 M5|_IW=300|1 Ms 1
|__Tl | [re-L=30u ,_ |_1 M9 M14 |
-EJ ]L MN MP - W=100u . %{’3“1: MPI_||-| W=3u MP|_{|—W=31.1
W=12p L=035% L=3u'0 L=1u L=1u
L=035u Mlo W=2u Mi12 M1|3J W=3u 15lw=1u
Cl1 | D35u L=1u =1lu
vdd2 =; Sn| MN I:L MN MN ]
1 i
dd2 —= 1 W 2u ? =3u
33Vch =035u 0 ?0 ?0
"o ~o MN ASK demodulator
Fig. 17: Complete inductive powering system
CONCLUSION 1 Mbit sec™'. Future work will focus on the

This study presents an inductive powering system
that combines power transfer with data transmission. We
designed a transmitter with class E power amplifier to
provide maximum power with high-efficiency. An
analysis and a design of the analytical equations for a
high efficiency class E amplifier were presented for
optimum operation. The theoretical results were
validated by PSpice simulation. The drain efficiency of
class-E transmitter can reach 90.4%, by PSpice simulation,
using a model of a real transistor. A power supply in the
mnplant 15 equal 136 mW. Even comsidering some
additional power loss in the DC source converters, this
seems to be enough for an integrated low-power system
design. This mductive powering system gives a
power efficiency of 50%. The data rate transfer achieves
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miniaturisation  of the secondary circuit, resulting in
an implantable ASIC.
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