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Unique Micro System Stimulator with High Data Rate and
Efficient Power Recovery Circuit

Abstract. This paper present an efficient micro-system stimulator to transfer data and power in biomedical implanted device by using Amplitude shift
keying (ASK) modulation technique. The proposed system operates with low frequency 6.78MHz accordance to the industrial-scientific-medical
(ISM) bands to avoid the biological tissue damage. The system design include new ASK modulator, class-E power amplifier, half wave rectifier,
voltage regulator (LDO) and new ASK demodulator structure without passive elements to transfer 500Kb/s of data with modulation index 12.5%. The
efficient inductive coupling link with 74.47% of efficiency is driven by class-E power amplifier with high efficiency up to 94.5%. Adequate and stable
1.8V DC are generated by the modified rectifier and voltage regulator to power the implanted electronics which occupies small area and does not
have a thermal protection circuit or passive elements. The proposed ASK demodulator structure is developed to collect a synchronised demodulated
signal that has minimum error without using delay-locked loops (DLL) circuits and clock recovery circuit. This system designed by using OrCAD
Pspice 16.6 software, which employed 0.35 um CMOS technology as a basis.

Streszczenie. W artykule opisano mikrosystem uzywany w stymulatorach biomedycznych przeznaczony dpo transferu danych i zasilania. System
wykorzystuje kodowanie ASK z czestiotliwo$cig 6.78 MHz. System skfada sie z modulatora ASK, wzmacniacza mocy klasy E, prostownika,

regulatora napigcia LDO | dempodulatora ASK. Mikrosystem sty,mulatora biomedycznego o duzej szybkosci przesytu danych i skutecznym

ukfadzie zasilania.
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Introduction

The implanted micro-system stimulator falls under the
bio-implantable device classification. It is employed towards
stimulating the nerves and muscles when disorders happen
because a neural action potential is absent or when there is
damage in the neural signal conduction pathway. The
inductive coupling link is an appropriate method of wireless
power transmission for powering the implanted micro-
systems [1]. The ASK modulation technique has low cost,
low-power consumption and a simple architecture. For
these reasons its widespread using in near field telemetry
system [2]. The implanted micro-system stimulator consist
of two parts: the external one is fixed outside the body and
inductively transfers data and power to the internal one,
which is sited inside the body [3]. Most of biomedical
implanted device powered inductively Due to the large size,
chemical side effect and limited lifetime of battery [4]. For
biomedical implants, the selecting carrier frequencies is
playing a role important, which should to be lower than 20
MHz [1] depend on industrial scientific medical (ISM) bands
to avoid over heated tissue and damage. The ASK
demodulator was presented powered by 1.8 DC V towards
achieving 1Mb/s data rate [5]. It was necessary for the
structure to have clock recovery digital circuits for the
synchronisation of the output data and the large size is still
an issue. An ASK demodulator powered with 2.5-2.8 DC V
was designed for the reduction of the power consumption in
medical implanted devices [6]. However, no passive
elements were used and the structure is made up of a
rectifier, a digital shaper, an envelope detector, and a load
driver for the transfer of 1MHz of data with 13.56 MHz. This
structure has sensitivity to the modulation index and carrier
frequency. Towards avoiding this drawback, a new circuit
was designed based on comparator in an ASK
demodulator. The new comparator was operated with 10
MHz and powered with 3.3 DC V towards transferring
1Mb/s of data, which includes a full wave rectifier, a signal
formatter circuit, and a small capacitor and a voltage
reference for filtering the high-frequency components. The
demodulated signal output requires clock recovery circuits
to enable correct data reading [7]. Also proposed was a
low-power, non-coherent ASK demodulator that is1.8 DC V-

PRZEGLAD ELEKTROTECHNICZNY, ISSN 0033-2097, R. 92 NR 11/2016

powered and operated at 2 MHz frequency [8]. Based on
clock recovery and comparator circuits, this structure is
designed towards achieving a 1 Mb/s of data rate. Its large
size, however, is the major problem. Based on the above-
stated review, the researchers utilised a clock recovery
circuit (e.g. latch flip-flop or decoder circuits) towards
extracting the demodulated ASK signal. They additionally
employed full wave rectifier and buffers, which occupied a
large area and resulted in an increase in power
consumption. Lastly, the implanted micro system'’s
structural design operated at 13.56 MHz and with 1.8DC of
voltage. This was used for powering a non-coherent ASK
demodulator, which has self-data synchronisation and no
clock recovery circuit to enable a (1-1.25) Mb/s transfer [9].
This structure utilised two comparators and one buffer for
the extraction of the data that led to an increase in the
power consumption and towards an enlargement in size.

This paper constitutes an attempt to develop a fully
integrated high data rate and low power for the implantable
micro-system device with new structure of self-recovery
ASK demodulator to collect data-information. The
developed micro-system operates with ISM band 6.78 MHz
with a low modulation index about 12.5%. The design aims
at increasing the transmitted data rate up to 500 Kb/s,
decrease power consumption with power efficiency 74.47%,
minimize size and achieve feasibility.
System Design and Methodology

In general, the wireless power transfer system has two
parts, external part touch the skin from outside and internal
part implanted under the skin. The external part for
proposed system contain from ASK modulator to modulate
the data, class-E power amplifier to drive the external coil
presented as transmitter. Implanted part consist of
secondary coil presented as receiver, voltage rectifier to
rectify the signal from AC to DC, low drop out (LDO) voltage
regulator to get 1.8VDC to turn on the ASK demodulator to
collect data with minimum error as shown in Figure (1). To
enhance the efficiency for power transmission, the external
and implant coils are tuned by series and shunt capacitors,
respectively [10]. The implanted part divided into two paths,
data recovery path and power recovery path which shown
the details in Figure (2).
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Fig.1. Proposed system architecture
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Class-E Power Amplifier Model at 6.78 MHz

Class-E power amplifier operated by frequency
6.78MHz ISM band is more suitable to be used for the
biomedical applications and bio-telemetry systems in the
near field region due to its high efficiency and simplest [11-
13]. The proposed class-E as show in figure (4) is simple
and achieves high efficiency reach to 94,5%. It's consist of
inductor choke (Lchoke) to provide fixed current and reduce
the ripple from the power supply Vpp, one pole MOSFET
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Fig.2. The block diagram for micro-system stimulator

ASK Modulator Structure

The proposed block diagram of the developed ASK
modulator is demonstrated in Figure (3). The data generator
produces a Pseudo-random Noise (PN) or a fixed binary
sequence. The modulation index is determined by two
MOSFET (M1,M2) act as the voltage divider resistance
form and voltage source V,, which estimates the high and
low voltage levels Vy and V| respectively for powering the
class-E power amplifier.
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Fig.3. Architecture of proposed ASK modulator

The operation principle of the proposed ASK modulator
is as follows: The voltage sources V; is used to generate
fixed binary states 0 or 1 of the data with Tyt =2 ps. The
voltage divider which present as MOSFET resistors (M1
and M2) control the ASK signal by adjusting the resistors
and the voltage source V- that varies the relation between
the high and low amplitude levels, V4 and V| as given in (1).

_VL
+V,

Modulationindex = Vi
H

(1)
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switch is selected type (3TEN - 2N7000) to minimize
switching losses in transistor [11], and one shunt capacitor
(C4) to ensure zero-voltage switching and remove
harmonics of the non-ideal MOSFET switch.
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Fig.4. Class-E power amplifier structure

To tuned a certain frequency 6,78 MHz, these parts
connected with series load network (Cz, Ricad and L1) which
behaves as a transmitting antenna and convert the digital
input signal into a stable sinusoidal output and satisfy
constant current from the supply source. The inductor L4
acts as a physical coil to transmit power and data to the
implantable device. To find the values of the optimum load
resistance and others passive elements, the delivered
power to the implanted device should be known. The
mathematical model is presented and as follow: Because of
the proposed design is for bio-implantable devices, and to
avoid the tissue damage due to the transmitted power is
limited. where the power should be as small as possible
and measured in mW [14, 15]. Therefore, the delivered
power to the implanted devices (Pout) is assumed 100 mW
(20dBm), operated frequency is 6,78 MHz and Vpp is 3,5V
and the switch with 50% of duty cycle. To find the optimum
power delivered by class-E power amplifier, the optimum
resistances Riqpt for the amplifier should be introduce as a
known value and can be calculate as given in (2) [16].
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2 Vv 2 Table 1. The values of the proposed system
— DD escription ymbo alue
I.opt P Primary inductance Lt 16,59 pH
+ — econdary inductance r , y
1 out Secondary ind L 0,654 pH
4 Optimum resistance load Rlopt 70.68 Q
The inductor choke (Lenoke) Calculated as given in (3) | Primary resistance Rt 10.05 Q
[17]. Secondary resistance Rr 0,54 Q
) Primary capacitance Cc2 39,18 PF
T Rl.opt 7 Rl.opt Secondary capacitance Cr 827,17 PF
@) Lenoke =2 e +1 F g Quality factor (Class-E) Q 9,99
Quality factor (transmitter) | Qt 70.28
The shunt capacitor (C1) and the series capacitor (Cz) | Quality factor (receiver) Qr 51.56
calculated by equation (4) and (5), respectively. Resonant frequency fo 6,78 MHz
Coupling coefficient K 0,105
(4)C _ 1 _ 1 Class-E efficiency namplifier | 94,5%
1 2 2] ( ) Transmitted coil efficiency | nt 84.76%
- i : eceived coil efficiency nr T7%
R Vs 1 Vi , 5.447RIopt eceved ool offi 57779
0" ™.opt 4 Total coupling efficiency ntotal 68,77-74.47%
Efficiency at 200Q n 74.47%
5.447 1.42 Modulation index - 12,5%
(5) C2 = Cl 0 1+ Q-2.08 Modulation rate - 7,37%

For maximum class-E efficiency and constant sinusoidal
wave, the quality factor (Q) should be consistent with the
bandwidth and having value more than 5 [18]. The quality
factor for the proposed Class-E amplifier is (9.99) as given
in (6) and (7), respectively.

(6) w=2xf
wl
7 Q<—,
RI.opt
The transmitted coil L1 calculated as given in (8)
QRI 0
.opt
® L=—
Wy

Inductive Coupling Link Design

The inductive coupling link was designed to transfer the
power and data from the external part to the implant part.
Generally, the inductive coupling link is containing from
secondary and primary coils. The primary side is tuned in
series resonance to provide a low impedance load for
driving the transmitter coil, whereas the secondary side is
almost invariably parallel, and uses LC circuit for better
driving of a nonlinear rectifier load [19]. The optimum
resistance R_ ot Which is calculated in equation (2) still large
and it is not suitable to be used for subcutaneous
applications which need very low impedance called
parasitic resistance Rt [20]. This parasitic resistance having
low impedance depending of the coils dimensions such as
total length, thickness, permeability constant and relative
permeability of the conductor and depth of skin [21, 22].
Figure (5) shows the passives component for the proposed
series to parallel (SP) inductive link design. The values for
the inductive coupling link are demonstrated in table 1.

Modulated signal Rt R
A
39.18p 10.05 {f 054 | %Rload
Lt3 SLr  [s2717p | 200
Ble e | | . |

"0 "0

Fig.5. Design of inductive coupling link

The coefficient of coupling (K) must be 0 < K <1 [23] and
calculated as given in (9).

M

JoL,

The primary capacitance (C») is calculated in equation
(5), and the secondary capacitance (C;) is calculated by

equation (10).
[n2 212
C. = Rload + Rload —4(00 I-r

(10) r 2
2C‘)O RIoad I-r

Where Ryioaq is presenting the implanted resistance and
should be Ripag > 2wl [14], hence Rioag = 55.69. Therefore,
the values of Rload assumed from 100Q to 400Q. Where
100Q is the worst case and 400Q is an optimum case.

The quality factor for the transmit and received coil Qi
and Q; are based on resonance frequency, coil inductance
and parasitic resistance and calculated as given in (11) and
(12), respectively.

©) K=

>

o, L,
11 = —
(11) Q R
o, L,
12 =
(12) Q R

Where the R;, R; presents the transmit and received
coils parasitic resistance, respectively. Consider by using
reflected impedance concept analysis [19]. The efficiency
for the transmitter and receiver coils given in equations (13)
and (14), the total coupling efficiency for the link calculated
as given in (15).

k2L, R
(13) n = - oa
k I-T RIoad + LR I:QT
212
@, Ly
14 =
( ) UR (05 L%? + RR I:eload
kag I‘T L%? RIoad

(15) 77Tota| = 77T XUR =
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Voltage Rectifier Design

The rectifier is a voltage conversion component, which
converts AC to DC voltage in the implantable devices. The
efficiency improvement of the rectifier is the most
challenging part, especially in low power [24]. To improve
the RF-DC MOSFET rectifies efficiency, the switching loss
transistor (channel size) must be considered [9]. In the
proposed embedded system, a half wave rectifier utilizing
low-drop voltage with low-leakage CMOS diodes is
developed by utilizing one NMOST and one capacitor. the
relationship between voltage drops and also the transistor
channel size can be rearranged to solve for (W/L) from
equation (16) [25].

(16) Vdmp:[\/m|+ K(WTJ

Where (K) is the trans-conductance parameter equal to
(Cox X Mo). Cox represents the gate-oxide capacitance per
unit area. [, is the low field mobility.

To prevent disturb the envelope data, the rectifier using
in two positions, the first one is to rectify ASK signal in
power recovery part as shown in figure (6-a) and the
second one is to envelope signal in data recovery part with
small capacitor as shown in Figure (6-b).

Rectifier 1 Rectifier 2
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Fig.6. Half Wave Rectifier Structures

Proposed Voltage Reference for LDO regulator

An efficient voltage regulator in bio- implanted device
requires voltage reference to generate a steady regulated
voltage. The human bodies temperature has a limited
variation and the implanted device with surrounding tissue
has constant temperature due to the flowing blood in self-
surrounding tissue lead to dispense from using a band gap
circuit [9]. The multiple independent voltage reference
circuit is a good choice in bio-implantable device [26, 27].
The development on the circuit is produced to provide
multiple independent voltage reference. The value of
reference voltage (2) is 900mV, which is the half value
that’'s need in the output of voltage regulator. This value
obtains by adjusting the size of the MOSFET M9 and M10
and the value of the resistor R as shown in Figure (7).
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Fig. 7. Multiple supply independent voltage reference
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Proposed Voltage (Low Drop-output
Regulator (LDO)

The low drop out (LDO) regulator is considered a crucial
block in implantable devices. They generally contain an
errors amplifier with a negative feedback wherever their
stability against numerous load conditions is of top notch
concern. The propose LDO voltage regulator which is
modified from [28] by replacing the passive element with
NMOS transistor as a resistor, lead to decrease the size
and to generate 1.8 DC output voltage.

An LDO voltage regulator consists of an error amplifier
as one-stage high gain differential amplifier consists of
(M11 to M17) transistors, pass power transistor PMOS
(M18), a resistive voltage divider (M19 to M20) and small
feedback capacitor (C4) 3 pf connected between the series-
pass transistor gate and the drain to ensure and increase
the system stability. The goal is towards designing an LDO
limited by the following constraints:

* The output voltage is to be set at 1.8 V utilising an
unregulated supply voltage of 5.7 V. Figure (8) presents the
proposed regulator’s general structure.

» The pass transistor must have a very large width. This is
to enable the transistor to source currents that have large
loads with a reasonable gate-source voltage.

* The length is kept at the minimum value towards keeping
the threshold voltage low.

* Instead of using voltage divider resistors, (NMOS)
transistors are employed at regulator output. This is towards
feeding a fraction of the output voltage back towards the
input; in doing so, the feedback path’s power consumption
is minimized since very little current passes through them.
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Fig.8. The basic LDO voltage regulator structure

ASK Demodulator Design

One of the simplest digital modulations techniques is the
amplitude shift keying (ASK) or On/Off keying (OOK); these
are commonly employed in wireless communication and
biomedical device applications. In accordance with the
references [2, 5-7, 29, 30]. The proposed ASK demodulator
design is devised, which will be used in the developed
implanted micro-system stimulator. The normal ASK
demodulators contain from two important building blocks;
envelope detector and comparator [9, 31, 32]. These
architectures suffer from large process, temperature and
voltage variation especially when comparator replaced by
Schmitt trigger circuit and occupied a large area. The
proposed ASK demodulator structure is powered with Vpp =
1.8 DC voltage and operated with ISM low-band frequency
6.78 MHz to extract 500Kb/s without using clock recovery
circuits as shown in Figure (9).

The proposed ASK demodulator is designed based on
two main parts: envelope detector and cascaded inverters.
The first step is the envelope detector which receives the
ASK signal at the rectifier output to step down by voltage
divider resistance into maximized amplitude level that can
be recognized by only digital inverter. Small capacitor set
between the voltage divider and the inverter to suppress the
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unwanted signal. The second part is using cascaded
inverter following the envelope signal to increase the signal
driving capability and to be standard logic levels. The ASK
demodulator designed without using any comparator or a
clock recovery circuit such as latch flip flop or decoder
circuits, That's Lead to less power consumptions and
smaller size.
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Fig.9. The proposed structure of ASK demodulator
Results and Discussions
This paper introduces a simple and efficient

transcutaneous system which used to power and transmits
data to the subcutaneous system. The proposed
transcutaneous system involves two parts, external and
internal part. The external part consists of pulse data
generator, new ASK modulator and class-E, power amplifier
operated at 6,78 MHz and transmitted coil to transmit the
power and data to the implantable devices. Whereas, the
internal part consist of received (implanted) coil, rectifier to
convert AC to DC voltage, LDO voltage regulator to
produce stable DC voltage, and ASK demodulator as
shown in Figure (1). The data generator generates fixed
binary sequence which controlled adjusting the resistors
and the voltage source Vi. In this paper a new ASK
modulator without passive elements as shown in Figure (2)
is developed to modulate the input data and powered the
Class-E power amplifier with 3- 4 V (DC) as shown in
Figure (10).
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Fig. 10. The ASK generated power output to supply the Class-E
power amplifier
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Fig.11. (A)The Class-E switching activity, (B) The stable class-E
amplifier output sinusoidal waveform

The class-E switch (M3) operation is as follows: the
Drain to Source voltage is equal (0) when the switch is
active state (1) and Gate to Source voltage is (1) when the
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switch in the state (0), and produce a stable sinusoidal
wave signal to the transmitted coil as shown in Figure (11-
a) and (11-b), respectively.

The Class-E efficiency is performed from the simulation
where Vims =19,6 V, 14c=16,4 mA.

V 2
(1 7) Poutav = _
(]
RLopt
The class-E efficiency can be calculated as given in (18).
P
(18) Netass-£ = — 2=
I:)in + Pdc

The input power (Pin) is very small compare with dc
power (Pqc) [11], so will be neglect. Therefore, the efficiency
for class-E with optimum resistance is 94,5%. To design
efficient inductive coupling link, several factors should be
taken into account, these factors include: link efficiency, link
voltage gain, communication bandwidth and coils size.
Because of the proposed design is based on coupling not
geometry, therefore, the “voltage in-voltage out” link is an
approach which can control the output gain. The power
efficiency link for inductive coupling is up to 74.47%
according to equation (15). The coupling factor (K) is 0.105
as shown in Figure (12).Referring to the Figure (5), the
transmitted coil Li presents the external coil for the
inductive link and act as an antenna to transmit the
modulated ASK signal with Vy=27 V and V=21 V with
modulation index 12,5% as shown in Figure (13-a), and
table (1) shows the values of the proposed system. The
received coil L2 in the internal part presents the implanted
coil and receive the ASK signal inductively with V4=6 and
V1=4,65 V with modulation index 12,5% as shown in Figure
(13-b). Both transmit and receive coils have the same
modulation index and this contribute to reduce the system
power consumption.
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Fig.12. Power efficiency links
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Fig.13. (A) The transmitted ASK signal with modulation index
12.5%, (B) The received ASK signal with modulation index 12.5%
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To get better link efficiency, both primary and secondary
RLC circuits for the inductive link tuned at the same
resonance frequency with bandwidth approximately 500
KHz, which it is chosen operated frequency 6,78 MHz as
shown in Figure (14).

30V
Frequency Response -

20V __ Secondary

1oV

6.70MHz 6.7T4MH: 6.78MHz 682MHz 6.86MH=

Fig.14. The external and internal coils at same resonance
frequency 6.78MHz

The processing for extracting data and power divided in
two parts, the first one is power recovery path and the
second one is data recovery path. For the power recovery
path, it is consist of voltage rectifier, voltage reference and
voltage regulator. The proposed rectifier provide a rectified
ASK signal smoothed by stabilizer capacitor 20 nf to get a
non-regulate DC signal as shown in Figure (15-a). The non-
regulated DC voltage must be constant. Therefore, The
voltage reference for power recovery is designed to
generate a level voltage VREF is (900mV), which it is half of
the needed value on the output voltage regulator with a very
stable DC voltage as shown in Figure (15-b). the proposed
voltage regulator generate very stable and smooth 1.8 V as
shown in Figures (15-c).

o /H_www_ g al

Fig.15. (A) The smoothed rectified ASK signal, (B) Reference
voltage output signal, (c) The regulated VDD voltage output signal

- = o e o i A
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Time

Fig.16. (A) rectifier signal for data path recovery, (B) step down
voltage divider signal

For data recovery path which consist of rectifier, voltage
divider, one small capacitor, and cascade inverter. The
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output signal from rectifier has Vmax (5.7V) and Vmin(4.8V)
as shown in Figure (16-a). These values are still high to be
compared with the Vpp regulated voltage, and the Vmax
should be maximize amplitude level that can be recognized
by only digital inverter which turn on with Vpp=1.8 V. Thus,
in order to achieve that, the voltage divider is used to
stepped down the ASK rectified signal to the desired value
as shown in Figure (16-b).

The ASK demodulator has envelope detector and two
cascade inverters to extract the data. To envelope data
signal, a small capacitor used to suppress the high of the
modulated ASK signal and remove the unwanted harmonic
signal as shown in Figure (17-a) with one sensitive digital
inverter. The output of the envelope signal shown in Figure
(17-b).

Fig.17. (A) Output signal after small capacitor, (B) Output envelope
signal

The final part in ASK demodulator is a buffer composed
of cascaded inverter to increase the signal driving capability
and used to collect the synchronize data with value (1.7V)
without using any comparator or a clock recovery circuit,
That's Lead to less power consumptions and smaller size.
Figure (18) shows the output demodulator data signal.

o

LR (o
- wemizzzy

Fig.18. The output demodulated signal

The demodulated signal with data rate 500Kb/s
synchronized with the input ASK modulated signal was
achieved with high performance and without using any
clock recovery circuits as demonstrated in Figure (19).

: = =
10.0us 20.ms 0. s . oys 50.0us 60, Bus

ER 0.
- utRzizy

Fig.19. the synchronize input (a)and output(b) data
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To validate the propose system, the comparison of the
system with other prior works is summarized in Table (2).
The results point to the better performance of the developed
system: the implanted circuits are powered by low power
supply at 1.8 DC V; higher data rate transmission; lower

(19) FOM

power consumption; and lowest figures of merit (FOM), as
indicated in Equation (19).

DataRate

- CarrierFrequency x Modulationindex

Table 2. The system performance compare with other works

CMOS(p Mod. Mod. Car. Data Power Power FOM References
m) Index Rate Freq. Rate Sup. (V) Cons.
(%) (%) (MHz) (kb/s) (mw)
1.2 N/A N/A 6.78 200 N/A N/A N/A [33]
[34]
1.2 7.14 5 1-10 50-500 N/A N/A N/A
0.5 10 2 10 200 3.3 N/A 2 [35]
0.35 10.34- 1 2 20 3.3 10.23 0.58- [28]
17.24 0.967
0.35 18.25 7.37 13.56 1000 3.3 N/A N/A [14]
0.35 N/A N/A 10 2000 3.3 0.84 N/A [36]
0.35 10 28.5 2 570 3.3 N/A N/A [37]
0.18 5.25 50 2 1000 1.8 0.336 95.05 [5]
0.35 20 N/A 10 1000 3.3 N/A N/A [71
0.18 2.86- 50 2 1000 1.8 0.396 1.29- [8]
38.64 1.748
0.35 13 7.3-11 13.56 1000- 1.8 0.25 0.985- [15]
1250 1.277
0.35 12.5 7.37 6.78 500 1.8 0.19 0.589 Proposed
Conclusion REFERENCES

This paper produced a modified design for biomedical
implanted micro-system device utilised towards stimulating
muscles and nerves. the operated carrier frequency is used
at 6.78MHz ISM band, the propose system has a 12.5%
modulation index and a 7.37% modulation rate for achieving
a 500Kb/s data rate, which depends on the generated
binary data Ty=2 pys. The modified half wave rectifier was
employed. The voltage regulator underwent improvement
towards producing a stable 1.8 DC voltage. This was for
powering up a new ASK demodulator structure, which is
depend on simple envelope circuit, and cascade inverter.
Therefore, the proposed ASK demodulator did not
necessitate the use of any circuit for synchronising data.
Dissimilar to others, some of the designs employed
decoders, or flip—flops, towards getting rid of the shifting
problem. The design accomplished the following four
objectives: small size, low power consumptions, feasibility
and high data rate. So cannot cause tissue damage. The
proposed design is very suitable to use in wireless
biomedical implants and also other portable wireless
communication systems. The system Compared with 11
previous works, the results of this study’s showed better
performance.

Authors: Mokhalad Khaleel Alghrairi MSC Student. Department of
Electrical and Electronic Engineering, Faculty of Engineering,
University Putra Malaysia 43400 UPM Serdang, Selangor Darul
Ehsan. Malaysia. E-mail: mokhalad_alghrairi@yahoo.com.

Dr. Nasri Bin Sulaiman, Department of Electrical and Electronic
Engineering, Faculty of Engineering Universiti Putra Malaysia
43400 UPM Serdang, Selangor Darul Ehsan. Malaysia

E-mail: nasri_sulaiman@upm.edu.my.

Assoc.Prof. Dr. Roslina Bt Mohd Sidek

Department of Electrical and Electronic Engineering,

Faculty of Engineering Universiti Putra Malaysia

43400 UPM Serdang, Selangor Darul Ehsan. Malaysia

E-mail: roslinams@upm.edu.my.

Dr. Saad Mutashar

Department of Electrical Engineering, University of Technology-
Iraq, Baghdad, E-mail: Saad ra25@yahoo.com.

The correspondence address is:

e-mail: mokhalad alghrairi@yahoo.com : Tel:+60183233309.

PRZEGLAD ELEKTROTECHNICZNY, ISSN 0033-2097, R. 92 NR 11/2016

[11 G. Lazzi, "Thermal effects of bioimplants," Engineering in
Medicine and Biology Magazine, IEEE, vol. 24, pp. 75-81,
2005.
M. A. Hannan, S. M. Abbas, S. A. Samad, and A. Hussain,
"Modulation techniques for biomedical implanted devices and
their challenges," Sensors, vol. 12, pp. 297-319, 2011.
A. S. Walton and H. Krum, "The Heartpod implantable heart
failure therapy system," Heart, Lung and Circulation, vol. 14,
pp. S31-S33, 2005.
S. Atluri and M. Ghovanloo, "A wideband power-efficient
inductive wireless link for implantable microelectronic devices
using multiple carriers," in Circuits and Systems, 2006. ISCAS
2006. Proceedings. 2006 IEEE International Symposium on,
2006, pp. 4 pp.-1134.
K. Chen-Hua and T. Kea-Tiong, "Wireless power and data
transmission with ASK demodulator and power regulator for a
biomedical implantable SOC," in Life Science Systems and
Applications Workshop, 2009. LiISSA 2009. IEEE/NIH, 2009,
pp. 179-182.
W. Chua-Chin, C. Chih-Lin, K. Ron-Chi, and D. Shmilovitz,
"Self-Sampled All-MOS ASK Demodulator for Lower ISM Band
Applications," Circuits and Systems Il: Express Briefs, IEEE
Transactions on, vol. 57, pp. 265-269, 2010.
D. Daoud, M. Ghorbel, A. Ben Hamida, and J. Tomas, "Fully
integrated CMOS data and clock recovery for wireless
biomedical implants," in Systems, Signals and Devices (SSD),
2011 8th International Multi-Conference on, 2011, pp. 1-5.
B. P. Wilkerson, K. Tae-Ho, and K. Jin-Ku, "Low-power non-
coherent data and power recovery circuit for implantable
biomedical devices," in SoC Design Conference (ISOCC), 2011
International, 2011, pp. 171-174.
S. MUTASHAR, M. A. HANNAN, S. A. SAMAD, and A.
HUSSAIN, "DEVELOPMENT OF BIO-IMPLANTED MICRO-
SYSTEM WITH SELF-RECOVERY ASK DEMODULATOR
FOR TRANSCUTANEOUS APPLICATIONS," Journal of
Mechanics in Medicine and Biology, vol. 14, p. 1450062, 2014.
[10]M. Sawan, H. Yamu, and J. Coulombe, "Wireless smart
implants  dedicated to multichannel monitoring and
microstimulation," Circuits and Systems Magazine, IEEE, vol.
5, pp. 21-39, 2005.
[11]S. M. Abbas, M. Hannan, and A. Salina, "Efficient Class-E

(2]

(3]

[4]

(3]

6]

(71

8]

9]

design for inductive powering wireless biotelemetry
applications," in Biomedical Engineering (ICoBE), 2012
International Conference on, 2012, pp. 445-449.

219



[12]"IEEE Standard for Safety Levels With Respect to Human
Exposure to Radio Frequency Electromagnetic Fields, 3 kHz to
300 GHz," IEEE Std C95.1, 1999 Edition, p. i, 1999.

[13]F. H. Raab, "Effects of circuit variations on the class E tuned
power amplifier," Solid-State Circuits, IEEE Journal of, vol. 13,
pp. 239-247, 1978.

[14]G. B. Hmida, H. Ghariani, and M. Samet, "Design of wireless
power and data transmission circuits for implantable
biomicrosystem," Biotechnology, vol. 6, pp. 153-164, 2007.

[15]S. Mutashar, M. Hannan, S. A. Samad, and A. Hussain,
"Efficient data and power transfer for bio-implanted devices
based on ASK modulation techniques," Journal of Mechanics in
Medicine and Biology, vol. 12, 2012.

[16]T. H. Lee, "The design of CMOS radio-frequency integrated
circuits, 2nd edition," Communications Engineer, vol. 2, pp. 47-
47, 2004.

[17]T. Suetsugu and M. K. Kazimierczuk, "Analysis and design of
class E amplifier with shunt capacitance composed of nonlinear
and linear capacitances," Circuits and Systems I: Regular
Papers, IEEE Transactions on, vol. 51, pp. 1261-1268, 2004.

[18]H. Sekiya, Y. Arifuku, H. Hase, L. Jianming, and T. Yahagi,
"Design of class E amplifier with any output Q and nonlinear
capacitance on MOSFET," in Circuit Theory and Design, 2005.
Proceedings of the 2005 European Conference on, 2005, pp.
111/105-111/108 vol. 3.

[19]S. Mutashar, M. A. Hannan, S. A. Samad, and A. Hussain,
"Analysis and Optimization of Spiral Circular Inductive Coupling
Link for Bio-Implanted Applications on Air and within Human
Tissue," Sensors, vol. 14, pp. 11522-11541, 2014.

[20]F. Noor and M. Duffy, "Amplifier design for a biomedical
inductive power system," in Signals and Systems Conference
(ISSC 2010), IET Irish, 2010, pp. 169-174.

[21]M. Qingyun, M. R. Haider, Y. Song, and S. K. Islam, "Power-
oscillator based high efficiency inductive power-link for
transcutaneous power transmission," in Circuits and Systems
(MWSCAS), 2010 53rd IEEE International Midwest Symposium
on, 2010, pp. 537-540.

[22]S. Agneessens, P. Van Torre, E. Tanghe, G. Vermeeren, W.
Joseph, and H. Rogier, "On-Body Wearable Repeater as a
Data Link Relay for In-Body Wireless Implants," Antennas and
Wireless Propagation Letters, IEEE, vol. 11, pp. 1714-1717,
2012.

[23]S. MUTASHAR and M. A. HANNAN, "Efficient Low-Power
Recovery Circuits for Bio-implanted Micro-Sensors," Przeglad
Elektrotechniczny (ERJ), vol. 89, pp. 15-18, 2013.

[24]C. S. A. Gong, "An active-diode-based CMOS rectifier for
biomedical power harvesting applications," [International
Journal of Circuit Theory and Applications, vol. 39, pp. 439-
449, 2011.

[25]J. Yi, W. H. Ki, and C. Y. Tsui, "Analysis and Design Strategy of
UHF Micro-Power CMOS Rectifiers for Micro-Sensor and RFID
Applications," IEEE Transactions on Circuits and Systems I:
Regular Papers, vol. 54, pp. 153-166, 2007.

220

[26]A. M. Sodagar, K. D. Wise, and K. Najafi, "An interface chip for
power and bidirectional data telemetry in an implantable
cochlear microsystem," in Biomedical Circuits and Systems
Conference, 2006. BioCAS 2006. IEEE, 2006, pp. 1-4.

[27]A. M. Sodagar and K. Najafi, "Extremely-wide-range supply-
independent CMOS voltage references for telemetry-powering
applications," Analog Integrated Circuits and  Signal
Processing, vol. 46, pp. 253-261, 2006.

[28]W. Chua-Chin, H. Ya-Hsin, U. F. Chio, and H. Yu-Tzu, "A C-
less ASK demodulator for implantable neural interfacing chips,"
in Circuits and Systems, 2004. ISCAS '04. Proceedings of the
2004 International Symposium on, 2004, pp. IV-57-60 Vol .4.

[29]L. Tzung-Je, L. Ching-Li, C. Yan-Jhih, H. Chi-Chun, and W.
Chua-Chin, "All-MOS ASK Demodulator for Low-Frequency
Applications," Circuits and Systems Il: Express Briefs, |IEEE
Transactions on, vol. 55, pp. 474-478, 2008.

[30]A. Djemouai and M. Sawan, "Integrated ASK demodulator
dedicated to implantable electronic devices," in Circuits and
Systems, 2003 IEEE 46th Midwest Symposium on, 2003, pp.
80-83 Vol. 1.

[31]D. Mian, Z. Chun, W. Zhihua, and L. Dongmei, "A neuro-
stimulus chip with telemetry unit for cochlear implant," in
Biomedical Circuits and Systems, 2004 IEEE International
Workshop on, 2004, pp. S1/3/INV-S1/39-12.

[32]L. Shuenn-Yuh and L. Shyh-Chyang, "An implantable wireless
bidirectional communication microstimulator for neuromuscular
stimulation," IEEE Transactions on Circuits and Systems I:
Regular Papers, vol. 52, pp. 2526-2538, 2005.

[33]B. Smith, T. Zhengnian, M. W. Johnson, S. Pourmehdi, M. M.
Gazdik, J. R. Buckett, et al, "An externally powered,
multichannel, implantable stimulator-telemeter for control of
paralyzed muscle," Biomedical Engineering, IEEE Transactions
on, vol. 45, pp. 463-475, 1998.

[34]L. Wentai, K. Vichienchom, M. Clements, S. C. DeMarco, C.
Hughes, E. McGucken, et al, "A neuro-stimulus chip with
telemetry unit for retinal prosthetic device," Solid-State Circuits,
IEEE Journal of, vol. 35, pp. 1487-1497, 2000.

[35]G. Gudnason, "A low-power ASK demodulator for inductively
coupled implantable electronics," in Solid-State Circuits
Conference, 2000. ESSCIRC '00. Proceedings of the 26rd
European, 2000, pp. 385-388.

[36]L. Hongge and L. Wenshi, "A High-Performance ASK
Demodulator for Wireless Recovery System," in Wireless
Communications, Networking and Mobile Computing, 2007.
WiCom 2007. International Conference on, 2007, pp. 1204-
1207.

[37]C.-C. Wang, T.-J. Lee, U. Chio, Y.-T. Hsiao, and J.-J. J. Chen,
"A 570-kbps ASK demodulator without external capacitors for
low-frequency wireless bio-implants," Microelectronics Journal,
vol. 39, pp. 130-136, 2008.

PRZEGLAD ELEKTROTECHNICZNY, ISSN 0033-2097, R. 92 NR 11/2016



