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Abstract— This paper describes design principles to design
and develop a transcutaneous link for medical implants
using inductively coupled coils. Parameters which optimize
link efficiency have been discussed in the light of previous
studies and a simple design methodology to find optimized
parameters for Class E amplifier and inductive coils is
outlined. Paper also describes design of an indigenously
developed transcutaneous link from commercial off-the-
shelf components to demonstrate the design process.
Simulation and practical results of the link developed at
2.5MHz for 100mW output power are provided. We were
able to achieve 40% link efficiency with data rate of
128kbps from laboratory-based discrete electronic
components.
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L INTRODUCTION

Wireless transmission of data and power has emerged
as a popular and essential characteristic of implantable
medical devices such as cardiac pacemakers, implantable
cardioverter defibrillators, recording devices,
neuromuscular stimulators, prosthetic devices such as
cochlear and retinal implants to name a few. Inductive
coupling is most popular and effective means to realize
transcutaneous link for biomedical devices because a
single pair of coil can be used both for data as well as
power transmission to the implanted circuitry. In addition
to this, design of an inductive link using a power amplifier
is fully customizable with full control on variables like
operating frequency, range, form-factor and output power
for an ‘application specific’ design.

Design requirements of an inductive link for medical
implants demand careful consideration of (i) bandwidth
for supporting high data rates; (ii) efficiency for minimum
power drop across the link; (iii) coupling insensitivity to
coil misalignments; iv) form factor and V)
biocompatibility. Data and power transmission have
conflicting requirements in terms of efficiency. Wider
bandwidth and high data rates are better supported at
higher frequency. On the contrary, efficient power transfer
is achieved using low operating frequency. This is due to
the fact that human body is penetrable to magnetic fields
at lower frequencies [1]. In addition to this, degradation of
power transmission efficiency at higher frequency results
from more power absorption in the tissue and more power
dissipation in the external and internal power conditioning
blocks [2,3]. One solution to this problem is to use
separate coils for data and power transfer when no
compromise between efficiency and data bandwidth is

978-1-4244-4683-4/09/$25.00 ©2009 |EEE 694

required, approach used by [1,3]. However, using separate
coils has its own disadvantages such as increased form
factor and electromagnetic interference which increases
system complexity such as incorporation of wide range of
frequencies and complex modulation techniques, to
minimize interference, and use of CRC to remove BER
etc. Second option is to establish a tradeoff between the
requirements and use a single coil for both the tasks by
optimizing design parameters for efficiency and high data
rates as reported in [4,5]. As far as RF data and power
transmission is concerned, efficient power transfer is a
major bottle neck in RF links, not efficient data transfer
[4]. Therefore, optimization of efficiency for power
transfer is highly desirable due to low coupling in
practical implants [6].

First step in the design and analysis of an inductive link
requires simplified circuit representation of the inductive
link to compute link response at the operating frequency.
Incorporation of resonating impedances at primary and
secondary side has been widely reported to improve the
link performance. Circuit component values derived for an
optimum link topology are presented in Section I.

Second step involves coil design, which plays a critical
role in optimum data and power transmission. This
includes optimization of coil geometry, coil dimensions,
inductor losses, type of wire used and number of turns in
windings to mention a few. All these factors are
comprehensively discussed in Section III and a heuristic
design methodology has been outlined to design coils in
laboratory.

Final step involves design of power amplifier. Wireless
transmission through inductive coupling requires an AC
excitation which makes the power driver essentially a DC
to AC inverter. Furthermore, considering the fact that high
voltage level is usually required by the primary coil and
batteries produce a much lower voltage, the driver should
also have the ability of amplifying the battery voltage [3].
Therefore, two essential characteristics of the required
power amplifier are efficient DC to AC inversion and
voltage amplification for energizing the primary coil.
Class E Amplifiers not only meet above requirements but
are characterized by 100% theoretical efficiency and are
thus, most preferable designer choice. In Section IV, Class
E Amplifier design with reference to the transcutaneous
link is comprehensively discussed. Section V describes
design of our developed transcutaneous link on the
discussed design principles followed by simulation and
practical results in Section VI. Finally, conclusions
derived from the design process are presented in Section
VII.
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Figure 1: Inductive link topology with series tuned primary side and
parallel tuned secondary side

II.  INDUCTIVE LINK

Inductive link for wireless transmission of data and
power is essentially an air-core transformer which works
on the principle of mutual coupling. This section presents
mathematical modeling of the link for optimizing link
efficiency and voltage gain.

Primary circuit tuned in series resonance and secondary
tuned in parallel resonance as shown in Fig. 1 is an ideal
combination due to its close resemblance with the actual
link if a power amplifier is used at the primary side.
Additionally, a series-resonant primary network requires
lower voltage swings at its input because the phase of the
inductor and capacitor voltage cancel at resonance [4].
Efficiency and Voltage gain profiles for this topology may
be described mathematically by (1) and (2) respectively.

wZMZRload
r)link = 2 2 2 2 2 2 (1)
{(A.R},4C3,)0? + (B + C.M?)w? + C2.R,4}
VL
Vi
_ szclsRload (2)
(D.C2pRipaa)w* + j(E — D)w3 +
(F.Ci5 4 G.RypqaCap)w? + j(C.R11 Cis + Hw + €

where

A= (R L5 + R.;M?)

B = (RLlRlzoad(CZZpRlz,Z - ZCZpLZ) + L3R;;)

C = (Ry2 + Rioaa) D = Cys(M? = LyLy)

E = C15CopRi0qa (L1R12 + LaRy 1)

F = (L1Ryy + LaRyy + L1Rioaa)

G = (R, CisRy + L) H = (R 2CopRi0aaq + L2)
In the practically experienced coupling ranges, this

model produces best results if circuit is resonated at

resonance condition (JwL = 1/jwC) . Efficiency and

voltage gain profiles for this topology are given in Fig. 2.

III. CoIL DESIGN

Following sections describe coil design parameters
which should be tuned for optimum results.

A. Coupling Coefficient

Coupling factor or coupling coefficient ‘k’ is described
as:
M
k= 2 3)
where M;, is mutual inductance between L; and L, .
Physically, the coupling coefficient equals the fraction of
magnetic flux generated by the primary coil which flows
through the secondary coil and ranges from 0 to 1.
Maximum coupling is desirable for transmission
efficiency but in practically designed links k is typically
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Figure 2. (a) Efficiency (b) Voltage gain profiles for the inductive link
topology shown in Fig. 1.

less than 0.4 [5]. A low coupling between coils demands a
high current in the primary side for transferring the
necessary energy which results in higher losses. The
transformer, therefore, must be designed for optimizing
coupling.

B. Quality Factor

Quality Factor ‘Q’ of an inductor having inductance L
and self resistance Refrecrive at angular frequency w is
mathematically described as:

wL
0~ @)
ef fective

It is desirable to use as large a circuit Q as possible.
High Q may be achieved by using low loss, high Q coils
with Reffeceive sufficiently low. At low frequencies,
Reffective May be approximated as the de resistance of the
coil windings, however at higher frequencies the ac
resistance due to the electromagnetic skin effect and
proximity effect become prominent [3]. Rffective 1S used
to estimate coil losses and can better be computed by a
finite element analysis (FEA) software for particular
frequency and coil geometry [7] .

In addition to this, coils generally have better Q at
higher frequency as skin-effect resistive losses scale
proportional to +w while their reactance scales
proportional to w. A large operating frequency, however,
results in more sensitivity to parasitics, increased tissue
absorption, increased losses and/or increased power in the
Class-E drivers that require better timing precision at
higher operating frequencies [4]. All these factors
contribute in decreasing the overall net efficiency with
increase in operating frequency.

C. Coil Geometry

Zierhofer and Hochmair et al. have described a
geometric approach in [8] for enhancing the coupling
between two magnetically coupled coils. This
enhancement is achieved by distributing the turns of the
coils across the radii instead of concentrating them at the
outer circumferences i.e. to shape coils in the form of
planar circular coils (pancake arrangement) rather than
solenoids. However this scheme uses more wire resulting
in higher ohmic resistance which, in turn implies
reduction in Qpyq4eq- On the other hand, for the same
planar geometry, [6] has demonstrated that there exists an
optimum number of turns for maximum net efficiency as
discussed in section E.

D. Coil Dimensions and Number of Turns

Dimensions of the coils also play a critical role in
enhancing or suppressing mutual coupling. Increasing
diameter of the coil, increases mutual coupling. Fernandez
et al. [7] reports that coupling is optimized if the outer
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diameter of the primary coil is kept larger than outer
diameter of secondary coil, and if inner diameter of
primary coil is kept smaller than inner diameter of
secondary coil. As a general guideline, dimensions of
implantable (secondary) coil should be considered first. It
should be designed as large as the implant allows [3].
Next, primary coil should be designed such that it is
neither too small and neither unwieldy large. If the
diameter of the primary coil is too small, the field strength
would drop off quickly with axial displacement [9].

Theoretical equations suggest that the coupling
coefficient should not be a strong function of total number
of turns ‘N’ in ideal circular coils since by increasing N,
both numerator and denominator of (3) increase at almost
the same rate. However, results in [8] and [3] indicate that
coupling coefficient is maximum for a particular number
turns N with ratio of coil’s internal to external radii
(Rint/Rex:) nearly equal to 0.4. A heuristic design
process as discussed in section F' should be undertaken to
design the coils.

E. Coil Losses

Major coil losses arise from the net resistive nature of
the coil windings. R.ffective €ssentially comprises of dc
resistance of the wire and resistance due to the skin effect
and proximity effect. Use of Litz wire for coil winding
substantially reduces the later two. Loss in the primary
coil L; and secondary coil L, is given by (5) and (6)
respectively.

V'zdR ective
loss;, = —nd_effectivery (5)
L1 w2k?L,L,
V2 R i
lOSSLZ — load,ac Zeszcectweu (6)
w?L5

where V;,41s the voltage induced at secondary side and
Vioaais the voltage drop across the load at secondary side.
One obvious deduction which can be drawn from (5) and
(6) is to keep Refrective @s small as possible. Beside this,
above equations indicate that the loss is inversely
proportional to both the operating frequency and self
inductances. Generally, decreasing frequency favors
efficiency [10]. However, loss will continue to decrease
with increasing inductance until the current in inductor L,
or L, is comparable to the load current. Beyond this point,
loss in the secondary coil will increase due to the
dominating load current [3].

F. Design Methodology

Coil coordinates are first calculated in MATLAB which
are then passed on to a Finite Element Analysis (FEA)
software such as Fast Henry to compute frequency-
dependent self and mutual inductances, as well as
parasitic resistances, of generic three-dimensional
conductive structures in the form of Z matrix. Extracted z
parameters are again passed to a MATLAB code to
compute value of k. Finally, SPICE is used to simulate the
inductive link on extracted value of k. Depending on the
output of spice, coil parameters are changed until optimal
k is extracted [3].

IV. CLASS E POWER AMPLIFIER

“Class E” refers to a tuned power amplifier (PA)
composed of a single-pole switch and a load network [11].
It is also known as switched mode PA because the active
device or transistor acts as a switch [9]. On the other hand,

TABLE 1.
AMPLIFIER CLASSES AND THEIR EFFICIENCY

Amplifier Type Maximum Efficiency  Conduction Angle @
Class A 50% 360
Class B 78.5% 180
Class AB <78.5% 180-360
Class C Up to 90% 120.6
Class D 80-95% -
Class E 100% theoretical Optimum 50%

Classes A, B and C refer to amplifiers in which the
transistor acts as a current source [11]. Use of active
device as switch instead of a high-impedance current
source remarkably improves efficiency. In addition to this,
Class E PA has capability to drive relatively high AC
current through the transmitter coil for a relatively low
DC input current and voltage with high efficiency. This is
a consequence of an impedance transformation inherent to
the Class E circuit [12]. Table I shows maximum
achievable efficiencies from different amplifier classes. It
is evident from the table that Class E is a preferable
designer’s choice due to 100% theoretical efficiency.

A. Basic Principle

In Class-E, the transistor operates as an on/off switch
and the load network shapes the voltage and current
waveforms in such a way that simultaneous high voltage
and high current in the transistor are avoided. Since power
is equal to the product of voltage and current at each point
in time during the RF period, integrated and averaged over
the RF period (P = (1/T) $ v(t)i(t) dt); keeping current
and voltage out of phase drastically minimizes power
dissipation, especially during the switching transitions. On
the contrary, in most amplifiers the largest power
dissipation is in the power transistor. The true Class E
Operation is achieved when the transistor is operated at
optimum conditions. Optimum conditions for an amplifier
containing a switch and an appropriate load network as
described by Raab et al. [11] and Sokal et al. [13], [14]
are:

(i) The Voltage rise across the transistor at turn-off
should be delayed until after the transistor is off such that
the current has reduced to zero.

(i1) The transistor voltage (V,sfor MOSFET or V- for
BJT) should be brought back to zero at the time of
transistor turn-on, i.e. before the current begins to rise.

(iii) First derivative (slope) of the transistor voltage i.e.
d/¢ (Vs) for MOSFET or 4/, (Vcg) for BIT should be
zero at the time of turn on.

An amplifier containing a switch and a load network,
but not meeting these three criteria may still be called
Class E but is usually referred as “suboptimum Class E”
[11]. To fulfill the above conditions, appropriate load
network should be used to ensure minimum voltage-
current product during the switching transitions.

B. Operation

The operation of Class-E circuits has been exhaustively
discussed in the literature [1], [3], [5], [11-19]. Circuit
operation is determined by the transistor when it is on, and
by the transient response of the load network when the
transistor is off (Fig. 3). RF choke (L.pore) acts as current
source when the switch is off. It charges the resonant
network and creates a transient voltage across the
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Figure 3. Class E topology

transistor. When the switch is on, its current rises
smoothly until the switch is off again. Current and
voltage in the L and Cge, 05 branch are nearly sinusoidal
at the resonant frequency of the tank circuit, a condition
strictly true for high Q coils. The RF output amplitude is
almost linearly proportional to the dc supply voltage.
Parasitic shunt capacitances are absorbed into Cyy,,,,, [15].

C. Analysis

Analysis of class E amplifier is straightforward but
quite tedious as all the parameters are interrelated [11].
Different analysis methodologies to describe Class E
circuit have been reported in literature [11], [13-19]. The
approach for determining the component values is to
either solve the exact differential equation or make some
approximations that will help simplify the equations and
make the solution easy to arrive at [3], [1]. Raab et al.
[11] has derived basic circuit equations for the idealized
Class E PA using Fourier series techniques by assuming
high quality factor, perfect choke and perfect switch.
Time domain analysis considering similar assumptions
has been carried out by Hmida et al. in [5]. Gaudo et al.
[16] has devised a method for the exact analysis and
design of a very simple class E network to check
suitability of a transistor for the amplifier design. A more
generalized analysis of the differential equations is
performed by Avratoglou et al. [17] that takes into
account most important parameters which affect the
amplifier performance namely, dc-feed inductance, Q
factor of the series-tuned circuit and the switching device
ON resistance. Design and performance curves are given
and discussed for the finite dc-feed inductance, shunt-
capacitor, and series-tuned configuration. Troyk et al.
[18] has simplified the differential equations in closed-
form solution by assuming high @, and low duty-cycle
switch driver. This approach is well applicable for low
coupling coefficients but not for circuits that involve a
low Q, value. Kazimierczuk et al. [19] has provided
tables that can be used for specific values of @, but for
different pulse source duty-cycles. Sokal et al. [14], [13]
has provided explicit design equations in the form of
continuous mathematical functions that yield the low-
order lumped-element Class-E circuit where the pulse
driver for the active device has a 50% duty-cycle.
Conditions provided by Sokal assume zero on resistance
and perfect choke inductance that acts as ideal current
source, however a tuning method for bringing the Class-E
from off-nominal conditions back to the nominal
conditions has also been described. Beside complex
derivations of component values, Class E amplifier is
fully designable [14].
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V. COMPLETE LINK DESIGN

A complete inductive link based on the described
principles was designed using off-the shelf laboratory
components at an operating frequency of 2.5MHz. This
section discusses technical details of the developed
transcutaneous module.

A. Coil Design

Circular planar coils were designed using the design
principles described in Section IV. Table II lists design
parameters of the indigenously designed coils. Nylon
bobbins were machined using a CNC machine as shown
in Fig. 4. 30 AWGN wire was used for coil windings,
which has a maximum current handling of 142mA.

B. Amplifier Design

We employed Single Ended Class E configuration with
multi-frequency load network topology as shown in Fig.
3 to develop Class E Amplifier. Advantage of using
single-ended configuration is the ease of inclusion of
parasitic drain-source capacitance of the switch transistor
into the design optimization as compared to Class D or
Class C amplifiers [5], [15].

C. Switch Selection

One of the difficult design processes is appropriate
switch selection. MOSFET is a usual design choice in
high frequency switching applications [20]. An important
figure of merit for Class E operation is low ON resistance
Rpscony- However, reducing MOSFET’s ON resistance
usually results in an increase in gate capacitance
(especially in high switching applications) as well as an
increase in gate voltage which makes switching with TTL
levels difficult due to high gate charge (Q4) and higher
gate threshold voltage (Vgstny) - On the contrary,
decreasing gate capacitance increases rise and fall times.
Two solutions to the above problem are an appropriate
gate drive or a tradeoff between parameters for
appropriate MOSFET selection.

D. Component Values

For the switch we chose Fairchild’s 2N7000 from easily
available COTS, with rise and fall times between 10 to
20ns, input capacitance of 20pF and a respectable
Rpson). Component values for the circuit given in Fig 6
based on Sokal’s explicit design equations are given in
Table III.

E. Difficulties:

Beside many advantages, there are many problems
associated with Class E amplifiers as well. One of the
major problems with Class E circuits is maintaining
operation at the precise Class-E frequency because Class
E mode of operation is very sensitive to changes in the
frequency at which the switch is driven [21]. If the
driving frequency is either up or down, there will be a

TABLE IL
COIL PARAMETERS AT PRIMARY AND SECONDARY SIDE

Primary Secondary
L=80uH L=8uH
Reffec&ive:2-5 Q Reffec&ivezl 4Q
Quuloaded:3 50 Qunloaded:89
N=45 N=24
Rex&emalzl 3.5mm Rex&emal:6 3mm
Rinlernml:6-5mm RM:28mm
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Figure 4: Designed coils

nonzero switch voltage during switch closure causing
switch losses. Overall average power losses may be
substantial due to high currents or spikes which can even
cause switch damage [12]. Therefore, every circuit has
only one combination of operating frequency, duty-cycle
and coil Q that will produce the optimum Class E
conditions [22]. Moreover, the Class-E driver is immune
to the problem of switch capacitance, limiting the
frequency range since it can be absorbed into the parallel
capacitance Cy,,, [3], [1].

In addition to this, the design process involves many
assumptions such as ideal choke, ideal switch, and
sinusoidal current in load network (an assumption only
valid for high Q). For example, not accounting for Q; in
design equations results in considerable decrease in
expected output power for low Q circuits. Choice of Q,,
itself, involves a trade-off among operating bandwidth,
harmonic content of the output power and power loss in
the parasitic resistances of the load-network [14]. High
Q; makes circuit band limited and increases power loss
due to parasitic resistances. Finally, class E circuit is also
very sensitive to the parasitic capacitances and
inductance of the circuit board. These effects become
more evident with increase in operating frequency
causing high-frequency noise, particularly in ground
level. In practice, manual tweaking of the circuit for the
component values is often required (when using discrete
laboratory components) to optimize the circuit for true
Class E behavior.

VL

Fig. 5 depicts link simulation of the optimum inductive
link topology in SPICE. The inductive link behaves as a
band pass filter at the central frequency. Band-width
increases with increase in coupling coefficient k .
Incorporating resonance impedances into the design
results in more and more dependence on the frequency.

Fig. 6 illustrates the complete transmitter design with
ASK modulator, Class E Amplifier and Gate driver.

Fig.7 illustrates the receiver end of the transcutaneous

SIMULATIONS AND RESULTS

TABLE III

CLASS E PARAMETERS
Operating Frequency 2.5MHz
Designed for Output Power 100mW
Supply Voltage 5V
Inductance — Transmitter Coil 80uH
Parallel Capacitor (Cshunt) 81pF
Series Resonant Capacitance (Cieries) 66pF
RF choke (Lchoke) 400uH
Rioad 127Q
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Figure 5. Inductive Link Simulation (x axis shows frequencies with
peak at 2.5MHz wile y axis shows voltage gain)

link with ASK demodulator, power rectifier and low pass
filter. Demodulator is essentially an envelope detector
(ASK demodulation).

Class E waveforms are shown in Fig. 9. Upper
waveform is that of the gate signal with 50% duty cycle
and 2.5MHz switching frequency, whereas the lower
graph shows the drain to source voltage, Vpg of the
transistor. Waveforms show true Class E operation with
zero voltage at drain when the switch is closed. Voltage,
current product at any time in complete cycle is nearly
zero which results in approximately 100% amplifier
efficiency. Fig. 9c and 9d show voltage across the
primary coil which is nearly 40V, at high state.

Fig. 10 depicts the voltage waveforms at the secondary
side. 6V regulated DC output voltage was acquired at the
secondary side. Data rate up to 128kbps was achieved
with 36mW output power, which implies 36% link
efficiency.

VIIL

Design techniques and optimization process to develop
inductive link for maximizing link efficiency at low
coupling ranges have been presented. Design of a power
amplifier and an inductive link is quite tedious as many
variables and parameters are inter-related. This paper has
tried to integrate design concepts and optimization
techniques presented in previous studies to aid designers
to develop link with thorough understanding of various
variables involved in the design process. Essence of the
optimizing process is to maximize coupling coefficient
and Q;, minimize losses, achieve true Class E behavior
and optimize the coil design for maximum efficiency.
These design principles are supplemented with an

CONCLUSION
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Figure 7. Receiver Design
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Fig. 8. Class E Waveforms. (a) Vgate (b) dram to source voltage
VDS (c)Data signal at the gate (x6) and voltage across primary coil
(bursts of sinusoids) (d)Voltage across primary coil in high state= 40
Vpp, time scale = 1.4us

indigenously developed inductive link powered by a Class
E amplifier. Results are very satisfactory for a laboratory-
based design using discrete electronic components. Final
link efficiency was 40% with 40mW output power and
128kbps data transfer rate.

REFERENCES

[11 B. S. Pundi, "Class E Power Amplifier Design and Back-
Telemetry Communication for Retinal Prosthesis," PhD Thesis,
North Carolina State University, Raleigh, North Carolina, 2002.

[2] J.C.Lin and A. W. Guy, "Power Deposition in a Spherical Model
of Man Exposed to 1-20-MHz Electromagnetic Fields," IEEE
Transactions on Microwave Theory and Techniques, vol. 21, no.
12, pp. 791-797, Dec. 1973.

[3] S. Atluri, "A Wideband Power efficient inductive link for
implantable biomedical devices using multiple carrier
frequencies," PhD Thesis, North Carolina State University,
Raleigh, North Carolina, 2006.

[4] M. W. Baker and R. Sarpeshkar, "Feedback Analysis and Design
of RF Power Links for Low-Power Bionic Systems," [EEE
Transactions on Biomedical Circuits and Systems, vol. 1, no. 1,
pp. 28-38, Mar. 2007.

[5] G. B. Hmida, H. Ghariani, and M. Samet, "Design of Wireless
Power and Data Transmission Circuits for Implantable
Biomicrosystem," Biotechnology, vol. 6, no. 2, pp. 153-164, 2007.

[6] C. M. Zierhofer and E. S. Hochmair, "Coil design for improved
power transfer efficiency in inductive links," in Proceedings of the
18th Annual International Conference of the IEEE Engineering in
Medicine and Biology Society, Bridging Disciplines for
Biomedicine, Nov 1996, pp. 1538-1539.

[7] C. Fernandez, "Design issues of a core-less transformer for a
contact-less application," in Seventeenth Annual IEEE Applied
Power Electronics Conference and Exposition, APEC, 2002, pp.
339-345.

[8] C. M. Zierhofer and E. S. Hochmair, "Geometric Approach for
Coupling Enhancement of Magnetically Coupled Coils," [EEE
Transactions on Biomedical Engineering, vol. 43, no. 7, pp. 708-
714, Jul. 1996.

[91 S. K. Kelly, "A System for Efficient Neural Stimulation with
Energy Recovery,” PhD Thesis, Massachusetts Institute of
Technology, Massachusetts, Cambridge, 2003.

[10] N.D. Donaldson and A. T. Perkins, "Analysis of resonant coupled
coils in the design of radio frequency transcutaneous links,"
Medical and Biological Engineering, vol. 21, no. 5, pp. 612-627,
Sep. 1983.

[11] F. H. Raab, "Idealized operation of the Class E Tuned Power
Amplifier," [EEE Transactions on Circuits and Systems, vol. 24,
no. 12, pp. 725-735, Dec. 1977.

[12] M. A. K. Schwan and P. R. Troyk, "High efficiency driver for
transcutaneously coupled coils," in Proceedings of the Annual
International Conference of the IEEE Engineering in Engineering,
Medicine and Biology Society, Images of the Twenty-First
Century, 1989, pp. 1403-1404.

[13] N. O. Sokaland D. A. Sokal, "Class-E A new class of high

699

(d)

Figure 9. Waveforms at the secondary side. (a) Voltage at receiver coil,
across tuning capacitor, (b)Data output at the demodulator, (c)
Comparison of data-IN (primary side) and data-OUT (secondary side),
(d) Rectified, regulated output voltage at the secondary side = 6V dc.

efficiency tuned single-ended switching power amplifiers," JEEE
Journal of Solid-State Circuits, vol. 10, pp. 168-176, 1975.

[14] N. O. Sokal, "Class-E RF Power Amplifiers," WAIHQC of Design
Automation, Inc ARRL Technical Advisor, Jan/Feb 2001.

[15] M. Kazimierczuk, "Collector amplitude modulation of the class E
tuned power amplifier," [EEE Transactions on Circuits and
Systems, vol. 31, no. 6, pp. 543-549, Jun. 1984.

[16] P. M. Gaudo, C. Bernal, and A. Mediano, "Exact analysis of a
simple class E circuit version for device characterization
purposes," IEEE MTT-S International Microwave Symposium
Digest, vol. 3, pp. 1737-1740, Jun. 2003.

[17] C. P. Avratoglou, N. C. Voulgaris, and F. L. Ioannidou, "Analysis
and design of a generalized class E tuned power amplifier," IEEE
Transactions on Circuits and Systems, vol. 36, no. 8, pp. 1068-
1079, Aug. 1989.

[18] P. R. Troyk and M. A. K. Schwan, "Closed-loop class E
transcutaneous power and data link for Microlmplants," [EEE
Trans. on Biom. Eng., vol. 39, no. 6, pp. 589-599, Jun. 1992.

[19] M. Kazimierczuk and K. Puczko, "Exact analysis of class E tuned
power amplifier at any Q and switch duty cycle," [EEE
Transactions on Circuits and Systems, vol. 34, no. 2, pp. 149-159,
Feb. 1987.

[20] L. Balogh. Design and Application Guide For High Speed
MOSEFET Gate Drive Circuits. www.ti.com.

[21] P. R. Troyk and G. A. DeMichele, "Inductively-Coupled Power
and Data Link for Neural Prostheses using a Class-E Oscillator
and FSK Modulation," in Proceedings of the International
Conference of the IEEE EMBS, Cancum, Mexico, September,
2003, pp. 3376-3379.

[22] K. H. Wen, L. P. Sheau, and F. D. F. CIliff, "Design of radio-
frequency powered coils for implant instruments ," Medical and
Biological Engineering and Computing, vol. 15, no. 6, pp. 634-
640, Nov. 1977.

[23] T. Xie, "Design and Development of Class E RF Power Amplifier
Prototype by using a Power MOSFET," University of Kansas,
Kansas, Technical Report, 2007.

[24] C. M. Zierhofer and E. S. Hochmair, "The Class-E Concept For
Efficient Wide-Band Coupling-Insensitive Transdermal Power
And Data Transfer," in Proceedings of the Annual International
Conference of the IEEE Engineering in Medicine and Biology
Society, 1992, pp. 382-383.

[25] C. M. Zierhofer and E. S. Hochmair, "High-efficiency coupling-
insensitive transcutaneous power and data transmission via an
inductive link," /EEE Transactions on Biomedical Engineering,
vol. 37, no. 7, pp. 716-722, Jul. 1990.

[26] C. Fernandez, O. Garcia, J. A. Cobos, and J. Uceda, "A simple dc-
dc converter for the power supply of a cochlear implant," in /EEE
43rd Annual Power Electronics Specialist Conference, PESC,
2003, pp. 1965-1970.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /CMB10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /CMBX10
    /CMBX12
    /CMBX5
    /CMBX6
    /CMBX7
    /CMBX8
    /CMBX9
    /CMBXSL10
    /CMBXTI10
    /CMCSC10
    /CMCSC8
    /CMCSC9
    /CMDUNH10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /CMFF10
    /CMFI10
    /CMFIB8
    /CMINCH
    /CMITT10
    /CMMI10
    /CMMI12
    /CMMI5
    /CMMI6
    /CMMI7
    /CMMI8
    /CMMI9
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /CMR10
    /CMR12
    /CMR17
    /CMR5
    /CMR6
    /CMR7
    /CMR8
    /CMR9
    /CMSL10
    /CMSL12
    /CMSL8
    /CMSL9
    /CMSLTT10
    /CMSS10
    /CMSS12
    /CMSS17
    /CMSS8
    /CMSS9
    /CMSSBX10
    /CMSSDC10
    /CMSSI10
    /CMSSI12
    /CMSSI17
    /CMSSI8
    /CMSSI9
    /CMSSQ8
    /CMSSQI8
    /CMSY10
    /CMSY5
    /CMSY6
    /CMSY7
    /CMSY8
    /CMSY9
    /CMTCSC10
    /CMTEX10
    /CMTEX8
    /CMTEX9
    /CMTI10
    /CMTI12
    /CMTI7
    /CMTI8
    /CMTI9
    /CMTT10
    /CMTT12
    /CMTT8
    /CMTT9
    /CMU10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EuroSig
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KozGoProVI-Medium
    /KozMinProVI-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


