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This paper presents the ssimulation and experimenta of Class-E power
amplifier which consists of a load network and a single transistor. The
transistor is operated as a switch at the carrier frequency of the output signal.
In genera, Class-E power amplifier is often used in designing a high
frequency ac power source because of its ability to satisfy the zero voltage
switching (ZVS) conditions efficiently even when working a high
frequencies with significant reduction in switching losses. In this paper, a
10W Class-E power amplifier is designed, constructed, and tested in the
laboratory. SK40C microcontroller board with PIC16F877A is used to
generate a pulse width modulation (PWM) switching signal to drive the
IRF510 MOSFET. To be specific, in this paper, the effect on switching and

Resonant converter

e performance at IMHz frequency are studied in order to understand the Class-
Zero voltage switching

E power amplifier behavior. Performance parameters relationships were
observed and analysed in respect to the load and duty cycle. The proposed
ClassE power amplifier efficiency is 98.44% powered with 12V dc,
operated at frequency 1IMHz and 50% duty cycle to produce a stable
sinusoidal signal. Theoretical calculations, simulation and experimental
results for optimum operation using selected component values are then
compared and presented.
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1. INTRODUCTION

Class-E power amplifier, also called class-E inverter, is a resonant power converter and often
applied to design high frequency switching power converters. Class-E power amplifiers are the most efficient
amplifiers known so far because of its ability to achieve a 100% fundamental efficiency due to soft switching
or ZVS conditions [1] [2] [3] [4] [5] [6] [7] [8]. The Class-E power amplifier was first introduced by N.O
and A.D Sokal in 1975 [1]. The conventional class-E amplifier was derived and analysed extensively by
Raab in [2]. Early papers addressed the problem of the efficiency against switching frequency and duty cycle
based on mathematical analysis. Since the introduction of the Class-E power amplifier that offers amazing
advantages, the Class-E power amplifier has attracted a great deal of attention in recent years. After that,
various topol ogies have appeared to expand the applications of class E circuit such as class E inverter [3] [14]
[15] [13] [16] [17], class E DC/DC converter [14] [18] and class E rectifier [13]. Also, the class E circuits are
applied to RF power amplifier [19] [20], induction heating system [20] [21], and RF powering [21] [22] [23]
[24].

Figure 1 shows the conceptual desired current and voltage waveforms of the switch for maximum
power efficiency. The low order Class-E power amplifier of Figure 2 generates voltage and current
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waveforms that approximate to the conceptual desired waveforms in Figure 1. The current and voltage
waveforms of the switch are displaced with respect to time, yielding a very low power dissipation in the
transistor. In particular, the switch voltage is nearly zero when the switch in ON and the drain current is
determined by the external circuit due to the switching action of the transistor. When the switch is OFF, the
switch current is zero and the switch voltage is determined by the transient response of the load network.
Since the switch current and voltage waveforms do not overlap during the switching time intervals, switching
losses are virtualy zero, yielding high efficiency, that is, theoretically 100% [1] [2] [9] [10] [11] [12] [25].
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Figure 1. (a) Current Through Switch(b) Voltage =
Across Switch [13] Figure 2. Single-ended Switch-mode Power Amplifier
Block Diagram

From the literature we see that, every design of Class-E method has its own merits, although it is, up
to today, there is still room to be explored and improved. Furthermore, to the best of our knowledge, thisis
the first time that simple yet flexible (can be reprogrammed) design of MOSFET driver circuit using
microcontroller PIC16F877A are presented. This paper presents design and analysis for single ended Class-E
power amplifier. The contribution of this paper can be summarized as follows:

1) The used of SK40C microcontroller board with PIC16F877A as a MOSFET driver circuit. More
importantly, by implementing suggested circuit driver, the ZV'S conditions can be achieved successfully.

2) Our theoretical analysis described in this paper is useful to understand the characteristics behaviour of
Class-E power amplifier. The effects of circuit performance when the load and duty cycle varies under
optimum operation were analysed systematically, being proof through theoretical, simulation and
experimental results.

The structure of this paper is arranged as follows. Section 2 explains briefly the Class-E power
amplifier circuit operation and reveal briefly some equations used in order to get theoretical value of
components. Meanwhile, section 3 discusses on three sets of design examples, simulation and experimental
results to verify the theoretical analysis and final conclusions are drawn in Section 4.

2. ANALYSISOF CLASS-E POWER AMPLIFIER CIRCUIT

Thetypical circuit of the Class-E power amplifier and its theoretical waveformsis shown in Figure 3
and Figure 4, respectively. It consists of dc supply voltage source V4., a MOSFET as a switching device, a
shunt capacitance Cp, a series-resonant R, -L-C output circuit and dc choke inductor Lg. The choke inductor
is usually high enough to force a dc current, I4. In the Class-E power amplifier, the switch Q is driven by a
gate-to source voltage V4. During the switch off interval, the sum of currents through the choke inductance
and resonant filter flow through the shunt capacitance. The current through the shunt capacitance produces
the switch voltage V gs.
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Figure 4. Theoretical Waveformsin ClassE
zero-voltage-switching amplifier [13]

Based on Figure 4, the switch turns ON and OFF at the operating frequency setting by a MOSFET
gate drive. Circuit operation is determined by the switch when on and by the transient response of the load
network when the switch is OFF. The switching pattern is defined as:

Switch = {ON satate for O<wt<DT
CN'=\OFF state for DT<wt<T

where D isthe switch duty cycle and T is the period for one complete cycle. The MOSFET turn ON and OFF
aternately at wt = 0 and DT. Therefore, the switch voltage waveform that satisfies the Class-E nominal
condition, i.e., condition (1) or (2), at the switch turn ON instant as a function of the duty ratio, is expressed
asfollows:

ZV S condition:
D
Zero derivative switching (ZDS) condition:
“Vastwe =9 )]

d{at) Il.f =pT

where v, (wt) is the switch voltage. In this case, the voltage v, across the switch and the shunt capacitance
C, is zero when the switch turns ON. In other word, the energy stored in the shunt capacitance C, is zero
when the switch turns on, yielding to zero turn ON switching loss.

2.1. Assumptions of Class-E Inverter for Optimum Operation
The assumptions of the circuit are quite similar to the one that is presented in [1] and [3]. The

analysis of the Class-E power amplifier of Figure 3 is carried out under the following assumptions:

1) The MOSFET and diode form an ideal switch whose on-resistance is zero, off-resistance is infinity, and
switching times are zero.

2) The choke inductance is high enough so that its ac component is much lower than the DC component of
the input current.

3) Theloaded quality factor Q of the L, C and R, series-resonant circuit is high enough so that the current |
through the resonant circuit is sinusoidal.

4) Duty cycle, D =50%

Analysis of 1IMHz Class-E Power Amplifier for Load and Duty Cycle Variations(Shakir Saat)
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5) All circuit elements areideal.
2.2. Circuit Component Equations

In the typicalClass E power amplifier, inductor Lris assumed to be large, the current through the
load resistor is assumed to be a pure sine and no losses are included. Under these conditions, the parameters

of the circuit shown in Figure 3 are defined and given as follows:
Thefull load resistanceis

R, = 3

|0=_ (4)

The load network component values are as follows:

c - I, _ 1
P wpVg WRL(T”}Z (5)
Co 1
p(P’-4) (6)
WRL(Q 5 J
L — QRL (7)

where Q is quality factor. In order to keep the current ripple in the choke inductor stays at below 10% of the
full-load DC input current /., the value of the choke inductance must be greater than

P* LR
Lf(min) = 2(T+1JT (8)

In practical terms, the choke inductance value is not all that critical, as long as its impedance is at
least an order of magnitude higher than the load resistance and it is not self-resonant at the first three or four
harmonics. It needs to look like an open circuit to these harmonics, if possible.

3. DESIGN EXAMPLESAND RESULT DISCUSSIONS

There were three sets of simulation and experimental examples conducted in order to verify the
previous equations and understand the Class-E behaviour. Based on the design equations and assumptions
provided in Section 2, al the circuit parameters are calculated and tabulated as in Table I. Then simulations
are carried out using Proteus before the real circuit isimplemented. In order to validate the ssmulation results,
the experimental work is carried out. IRF510 MOSFET is used as a switching device in the design. It is n-
channel, enhancement mode and designed especially for high speed applications. Based on Table |, the peak
switch voltage and current were 42.74V and 2.39A respectively. According to IRF 510 MOSFET datashests,
the breakdown switch voltage and current were 100V and 5.5A respectively. This confirms that the IRF510
MOSFET is suitable to be used in a Class-E power amplifier circuit in practical applications.

In Figure 5, the SK40C microcontroller board with PIC16F887A is used to generate a desired
switching control signal frequency at 50% duty cycle for the MOSFET gate. However, the microcontroller
output voltage, typically 5V is not sufficient to turn ON the IRF510 MOSFET that requires at least 10V to
operate in safe operating area. Therefore, an IC gate drive TC4422 is used here to provide sufficient gate
voltage or charge to drive the IRF510 MOSFET. The complete experimental setup is shown in Figure 6. All
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the voltage and current of the designed amplifier are measured by a Sanwa CD771 Digital Multimeter and
the Agilent Technologies DSO-X 2012A oscilloscope is used to obtain the waveforms data of the output
voltage.
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Figure 5. Class-E Power Amplifier with MOSFET Driver Circuit

Figure 6. Class-E Power Amplifier Experimental Setup

3.1. Design of Class-E Power Amplifier for Optimum Operation

In the first circuit design, consider the circuit of Figure 3 with design specifications: V. = 12V, D =
0.5, Q =10, Po = 10W, f = 1MHz, and components value R, Cp, C and L; are calculated and tabulated in
Table 1. Inthis part, the effects on switching and performance are studied.

Table 1. Class-E Power Amplifier Results At Optimum Load

Result
LG Calc. Sim Exp.
RL Q 831 831 8.3
Cp nF 3.52 3.52 3.60
Cc nF 217 217 2.20
Lf uH 57.60 57.60 100.00
L uH 13.22 13.22 13.30
VR (e Vo 1289 12.00 12.90
V gpesiq V4274 41.00 42.00
lac A 0.83 0.82 0.83
L (pesto A 155 1.44 154
Ve V11403 11200 11140
Ve V12889 12200 12870
I ety A 2.39 2.10 2.30
[V A 1.28 1.26 1.28
Po) W 1001 8.62 9.84
P W 10.00 9.84 9.96
n % 100.12 87.56 98.82
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For 1IMHz operation frequency, the simulation value of peak output voltage, Vg (pex) = 12V, 6.9%
lower than the theoretical value. The simulation value of dc power input is Pigg = Ve X 1ge= 9.84W which is
1.6% lower than the theoretical value. The simulation value of ac output power, Pyg = (IRL(rmS))Z* RL =
8.62W, 13.8% lower than theoretical value. The simulation value of efficiency,n = 87.56% which is 12.4%
lower than the theoretical value.

Figure 7 shows the waveforms obtained from Proteus simulation and circuit experiment. It can be
seen in Figure 7(a), simulation value for the maximum voltage across MOSFET during turn OFF iS V ggpea) =
41V, dmost three times larger than Vcc. Meanwhile, during turn ON, V gypeaq = 4.5V, nearly 11% of the peak
switch voltage. In an optimum design yielding the maximum drain efficiency, the switch voltage Vs at the
switch turn time is usually 10% to 50% of the peak switch voltage, which is a nonzero voltage switching
condition. Refer to Figure 7(b), the experiment value of maximum voltage across the MOSFET during turn

OFF is Vgg(peay =37.8, 8.75% lower than the simulation value. Meanwhile, during turn ON, V ggpeay = 4V,
nearly 10% of the switch pesk voltage. The experiment value of the peak output voltage, Vg pes) IS 12.50V,

2.9 % higher than the simulation value.
All the simulation and experiment results are consistent with the theoretical predictions for the first

circuit design. Therefore, it can be concluded that the optimum operation can be achieved only at an optimum
load resistance, R = Rop. When Ry = Ry, the sinusoidal output voltage will reach nearly to maximum for
the tested operating frequency. Furthermore, the experiment switching voltage waveform proved that the
Class-E power amplifier circuit using PIC16F877A satisfy the ZVS conditions since there is no overlap
between voltage over the MOSFET channel and current through the channel. In terms of the efficiency, it can
be seen that the experiment circuit produces 98.4% efficiency, 11.05% higher than the simulated value. This
is due to switching losses, non-pure resistive load, equivalent series resistance (ESR), parasitic resistance of

each components and dissimilaritiesin component selections.
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3.2. Class-E Power Amplifier with Load Variations

In the second circuit design, consider the circuit of Figure 3 with design specifications: V. = 12V, D
= 0.5, f = IMHz, Q = 10 and Po = 10W. Part 3.1 investigated Class-E power amplifier circuit for optimum
load at 1IMHz operating frequency. However, in many applications, the load resistance varies over a certain
range.

As shown in Figure 8(a) and 8(b), if R is greater than Ry, the amplitude of Ig, of the current i,
through L-C-R, series-resonant circuit is lower than that for optimum operation. Voltage drop across the
shunt capacitor C, decreases, and the switch voltage V4 is greater than zero at turn on. On the other hand, in
Figure 8(c) and 8(d), if R.is less than Ry, the amplitude Ig, is higher than that for optimum operétion, the
voltage drop across the shunt capacitor C, increases, and the switch voltage Vg is less than zero at turn on.
Therefore, the load power and efficiency for both cases are lower than the load power and efficiency at
optimum load.

Based on simulation and experiment results tabulated in Table 2, it can be concluded that the
efficiency of the circuit is maximum when R =R In addition, V, P and R, are interdependent quantities
as referred to (11). In many applications, the load resistance is given and is different from that given in (11).
There is a need for matching circuits that can provide impedance transformation to overcome this problem.
Thiswork will be donein the near future.

Table 2. Class-E Power Amplifier Results At Different Load

Frequency f=1MHz
Result RL = opt RL<Ropt RL>Ropt
Cdlc. Sim Exp. Sim Exp. Sim Exp.
R w 831 831 84 5 5 20 20
Cp nF 352 352 3.60 352 3.60 352 3.60
Cc nF 217 217 2.20 217 2.20 217 2.20
Lf uH  57.60 57.60 100.00 57.60 100.00 57.60 100.00
L uH 1322 13.22 13.30 13.22 1330 1322 1330
VR0 (pesk) \ 12.89 12.00 12.50 8.00 9.00 1450 1370
V ds(peak) \Y 4274 41.00 39.00 44.00 4020 3050 31.00
lc A 0.83 0.82 0.80 0.84 0.80 0.55 0.50
| RL(pesk) A 155 144 1.50 1.70 1.80 0.72 0.70
V (pesk) V 11403 11200 10850 130.00 12000 64.00 64.00
VL (pesi) V 12889 12200 12550 146.00 14000 61.00 59.00
| s(pesic) A 2.39 210 2.30 225 2.30 1.20 110
Isrme) A 1.28 1.26 1.20 129 1.20 0.85 0.80
Poa) w  10.01 8.62 9.45 7.23 8.10 518 4.90
Pio W  10.00 9.84 9.60 10.08 9.60 6.60 6.00
h % 10012 87.56 98.44 71.68 8438 7855 8167

3.3. Class-E Power Amplifier with Duty Cycle Variationsfor IMHz

In the third circuit design, the effect of changing the duty cycle to the output power performance will
be discussed. Consider Figure 3 with the design specifications: Vcc = 12V, Q = 10, Po = 10W, R = Ry, and
f = IMHz. In this part, the duty cycle D is controlled in the range of 10% to 90%. Figure 9 shows a plot of
output power performance versus D. It shows that al the parameters that have been simulated will
subsequently reach maximum value. Also the maximum output power performance is only occur at D = 0.5.
At this point, the efficiency for the experiment equals to 98.44%, 1.56% lower than the calculated value.
Based on (9) and (10) below, the initial phase of current is dependent on the duty cycle. ZVS will miss out
while the duty ratio is changed to regulate the power output if the operating frequency cannot adaptive tune.
Thiswill lead to switching losses due to phase shifting. The miss out of ZV S can be solved by implementing
self-tuning feedback controller and this will have to be investigated.

[ cos2pD -1
f=p+tan| P22 9
o [ 2 (1-D) ©
2sinpDsin(pD +f )
V = V,
RL ( peak ) p(1-D) ( cc) (10)
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4. CONCLUSION

An analysis of the Class-E power amplifier operation has been presented in this paper. Three circuit
design examples along with the Proteus simulation and experiment waveforms are given to show the validity
of the analytical expression. The switch control signal for IRF510 MOSFET using microcontroller
PIC16877A has been proposed and the results indicate that ZV'S condition can be achieved successfully. In
the laboratory experiment, the Class-E with optimum load and D = 0.5 has achieved 98.44% efficiency at
10W output power for IMHz operating frequency. From the three design examples, it can be concluded that
the optimum operation can be achieved only at an optimum load resistance, R. = Ry .In order to transfer a
specified amount of output power at specified dc voltage, the load resistance R must be of the value
determined by (3) and the maximum output power capability only occur at D = 0.5. Moreover, the agreement
between experiment performance and theoretical performance can till be considered excellent. This analysis
will assists the researchers to understand more on the Class E behavior thus able to produce a better
performance in the upcoming investigation. For future development, this circuit will be applied at the
transmitter side of a capacitive power transfer system.

ACKNOWLEDGEMENTS
This research was supported by the Universiti Teknika Maaysia Melaka (UTeM)
[PIP/2014/FKEKK (2A)/S01299] and Malaysian Ministry of Education

[RAGS/2013/FKEKK/TK02/B00035] grants.

REFERENCES

[1] N.O. Sokal and A.D. Sokal, “Class E-A new class of high-efficiency tuned single-ended switching power
amplifiers”, IEEE J. Solid-Sate Circuits, vol. 10, no. 3, pp. 168-176, Jun. 1975.

[2] F.Raab, “Idealized operation of the class E tuned power amplifier”, IEEE Trans. Circuits Syst., vol. 24, no. 12, pp.
725-735, Dec. 1977.

[3] F.H. Raab, “Effects of circuit variations on the class E tuned power amplifier”, IEEE J. Solid-Sate Circuits, vol.
13, no. 2, pp. 239-247, Apr. 1978.

[4] J Ebert, M. Kazimerczuk, and M. Kazimierczuk, “Class E High Efficiency Tuned Power Oscillator”, IEEE J. Solid
Sate Circuits, no. 2, pp. 62-66, 1981.

[5] B.N.O. Sokal, “Class-E RF Power Amplifiers”, pp. 9-20, 2001.

[6] D. Stump, “A Study on Performance of Class E Converter Circuit for Loosely Coupled Inductive Power Transfer”,
vol. 13, no. 1, pp. 1-4, 2014.

[71 C. Ekkaravarodome and K. Jirasereeamornkul, “Analysis and Implementation of a Half Bridge Class-DE Rectifier
for Front-End ZV S Push-Pull Resonant Converters”, vol. 13, no. 4, pp. 626-635, 2013.

[8] Y. Yusmarnita, S. Saat, A.H. Hamidon, H. Husin, N. Jamal, K. Kh, and I. Hindustan, “Design and Analysis of
1MHz Class-E Power Amplifier 2 Circuit Description”, vol. 14, 2015.

[9] T.B. Mader, E.W. Bryerton, M. Markovic, M. Forman, and Z. Popovic, “Switched-mode high-efficiency
microwave power amplifiers in a free-space power-combiner array”, IEEE Trans. Microw. Theory Tech., vol. 46,
no. 10 PART 1, pp. 1391-1398, 1998.

Analysis of 1IMHz Class-E Power Amplifier for Load and Duty Cycle Variations(Shakir Saat)



367

a |SSN: 2088-8694

(10]

(11]

(12]

(13]
(14]

(19]
(16]
(17]
(18]
(19]
(20]
(21]
(22]
(23]
[24]

(29]

J. Wilkinson and J. K. Everard, “Transmission-line load-network topology for class-E power amplifiers”, IEEE
Trans. Microw. Theory Tech., vol. 49, no. 6, pp. 1202-1210, 2001.

A. V Grebennikov, H. Jaeger, M. A. E. Operations, and L. T. Park, “Class E with parallel circuit - a new challenge
for high-efficiency RF and microwave power amplifiers”, 2002 IEEE MTT-S Int. Microw. Symp. Dig. (Cat.
No.02CH37278), pp. 1627-1630, 2002.

R. Tayrani, “A broadband monolithic S-band class-E power amplifier”, 2002 |EEE Radio Freq. Integr. Circuits
Symp. Dig. Pap. (Cat. No.02CH37280), pp. 53-56, 2002.

M.K. Kazimierczuk and D. Czarkowski, Resonant Power Converters, 2011.

M.K. Kazimierczuk and J. Jozwik, “Resonant DC/DC converter with class-E inverter and class-E rectifier”, IEEE
Trans. Ind. Electron., vol. 36, no. 4, 1989.

M.K. Kazimierczuk and X.T. Bui, “Class-E amplifier with an inductive impedance inverter”, |IEEE Trans. Ind.
Electron., vol. 37, no. 2, pp. 160-166, 1990.

K.K. Sang, S.H. Hee, J.W. Young, and H.C. Gyu, “A low-cost high-efficiency CCFL inverter with new capacitive
sensing and control”, IEEE Trans. Power Electron., vol. 21, no. 5, pp. 14441445, 2006.

Y.F. Li and S.M. Sue, “Exactly analysis of ZVS behavior for class e inverter with resonant components varying”,
Proc. 2011 6th IEEE Conf. Ind. Electron. Appl. ICIEA 2011, pp. 1245-1250, 2011.

Y.F. Liu and P.C. Sen, “New class-E DC-DC converter topologies with constant switching frequency”, |IEEE
Trans. Ind. Appl., vol. 32, no. 4, pp. 961-969, 1996.

S.H.L. Tu and C. Toumazou, “Low-distortion CMOS complementary class E RF tuned power amplifiers”, IEEE
Trans. Circuits Syst. | Fundam. Theory Appl., vol. 47, no. 5, pp. 774779, 2000.

N.O. Sokal, “Class-E switching-mode high-efficiency tuned RF/microwave power amplifier: improved design
equations”, 2000 |EEE MTT-SInt. Microw. Symp. Dig. (Cat. No.OOCH37017), vol. 2, 2000.

K. Thomas, S. Hinchliffe, and L. Hobson, “Class E Switching-Mode Power Amplifier For High Frequency Electric
Process Heating Apllications”, Electron. Lett., pp. 80-82, 1987.

C.K. Chou, J. a. McDougall, and K. W. Chan, “RF heating of implanted spinal fusion stimulator during magnetic
resonance imaging”, |EEE Trans. Biomed. Eng., vol. 44, no. 5, pp. 367-373, 1997.

E.S. Hochmair, “System optimization for improved accuracy in transcutaneous signal and power transmission”,
IEEE Trans. Biomed. Eng., vol. 31, no. 2, pp. 177-186, 1984.

W.H. Moore, D.P. Holschneider, T.K. Givrad, and JM.l. Maarek, “Transcutaneous RF-powered implantable
minipump driven by a class-E transmitter”, IEEE Trans. Biomed. Eng., vol. 53, no. 8, pp. 1705-1708, 2006.
Norezmi Jamal, Shakir Saat, Y. Yusmarnita, Thoriq Zaid, A.A.M. Isa, "Investigations on Capacitor Compensation
Topologies Effects of Different Inductive Coupling Links Configurations', International Journal of Power
Electronics and Drive Systems, vol. 6, no. 2, pp. 274-281, 2015.

BIOGRAPHIES OF AUTHORS

Yusmar nita Yusop was born in Melaka, Malaysia in 1979. She received the B.Eng in Electrica
Engineering (Mechatronic) from University of Technology, Malaysia, in 2001, the M.Eng degree
in Electrical Engineering from Tun Hussein Onn University of Maaysia, in 2004. From 2005 to
2014, she was a Lecturer in the Faculty of Electronics and Computer Engineering,
UniversitiTeknikal Malaysia Melaka. Since that time, she has been involved in teaching for many
subjects such as Power Electronics, Advanced Power Electronics, Electronic Systems and
Manufacturing Automation. She is currently working toward the PhD. Degree. Her area of
research interests include electronic system design, wireless power transfer and power electronics.

Shakir Saat was born in Kedah, Maaysia, in 1981. He received the B.Eng. and MEng. degresein
eectrica engineering from the UniversitiTeknologi Maaysia, Malaysia, in 2002 and 2006,
respectivelys and the Ph.D. degree in electrical engineering (Nonlinear Control Theory) from the
University of Auckland, New Zealand, in 2013. His career as academician begins in 2004 as a
Tutor at Department of Industrial Electronic, UniversitiTeknikal Malaysia Melaka and now heis a
Senior Lecturer a the same university. His current research interests include nonlinear control
theory, polynomial discrete-time systems, networked control systems, and wireless power transfer
technologies.

IJPEDS Vol. 7, No. 2, June 2016 : 358 — 368



IJPEDS |SSN: 2088-8694 a 368

Siti Huzaimah Husin received the B.Eng (2000) from Multimedia University, M.Eng (2005) from
Kolg Universiti Tun Hussein Onn, Maaysia respectively. First appointed as Engineering
Instructor (2001) at Kolgl Universiti Teknikal Malaysia Melaka and promoted as Lecturer (2005)
and Senior Lecturer (2008) in the Department of Industrial Electronics, Faculty of Electronic and
Computer Engineering at Universiti Teknikal Maaysia Melaka. Since September 2014, she
pursuing PhD in Advanced Control Technology that focused on acoustics energy transfer.

Sing Kiong Nguang received his BE (with first class honours) and PhD degree from the
Department of Electrical and Computer Engineering of the University of Newcastle, Australia, in
1992 and 1995, respectively.He has published 6 books and over 300 refereed journal and
conference papers on nonlinear control design, nonlinear control systems, nonlinear time-delay
systems, nonlinear sampled-data systems, biomedical systems modelling, fuzzy modelling and
control, biological systems modelling and control, and food and bioproduct processing. He has
served on the editorial board of a number of international journas.He is the Chief-Editor of the
International Journal of Sensors, Wireless Communications and Control.

Analysis of 1IMHz Class-E Power Amplifier for Load and Duty Cycle Variations(Shakir Saat)



