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Broadband high-efficiency
Doherty power amplifier
based on novel phase and
impedance transform
structure
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Abstract: Traditional Doherty power amplifiers (DPAs) have severely
limited bandwidth due to the presence of a quarter wavelength (4/4)
compensation microwave line. This paper proposes a novel phase compen-
sation and impedance tansform stucture that can maintain a 90-degree
phase shift over a wide frequency range, which is a good alternative to
traditional A/4 microwave line. To wverify the validity of the proposed
structure, a DPA has been designed and fabricated based on the proposed
structure. The samrated output power reaches 43dBm, and the output
efficiency of the drain stage is more than 65% from 2.6 GHz to 3.8 GHz
Meanwhile, over 43% drain efficiency is obtained at 6dB back-off power.
Keywaords: A/4 microstrip line, broadband, high efficiency, phase com-
pensation, impedance transformation

Classification: Microwave and millimeter-wave devices, circuits, and
modules
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Abstract: This paper proposes a method for extending the bandwidth of
a three-device Doherty power amplifier (DPA) based on symmetric devices.
A/4 wansmission lines are inserted between each peaking amplifier output
and carrier amplifier output to compensate load impedance of carrier ampli-
fier. In order to achieve perfect load modulation, carrier amplifier output
circuit total electrical length is designed to 90 degrees, and the peak amplifier
output total electrical length is designed to 180 degrees, The proposed
method is demonstrated by designing a three-device broadband DPA using
three 10-W packaged GaN HEMT devices. Measurement results show that
over 40% drain efficiency is achieved at 9-dB back-off power, over the
frequency band of 1.45-2.35 GHz, accounting for 46% fractional bandwidth.
Keywords: Doherty power amplifier, broadband, drain efficiency, three-
device, symmetric devices

Classification: Microwave and millimeter-wave devices, circuits, and
modules
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Polarization-Reconfigurable Circularly Polarized

Planar Antenna Using Switchable Polarizer

Wenting Li, Steven Gao, Semior Member, IEEE, Yuanming Cai, Qi Luo, Member, IEEE,
Mohammed Sobhy. Gao Wei. Jiadong Xu. Jianzhou Li.
Changying Wu, and Zhigun Cheng

Absiraci— A novel polarization-reconfigurable planar antenna
is presented. The antenna consists of an electronically reconfig-
urahle polarizer integrated with a printed =lot. By changing the
states of the p-i-n diodes on the polarizer, the linearly polar-
ized (LP) waves radiated by the slot can be converted into cither
right-hand circularly polarized (RHCP) or left-hand CP (LHCP)
waves. The polarizer contains 16 unit cells arranged as a
4 x 4 array. The antenna radiates RHCP waves if the p-i-n
diodes on the top side of the polarizer are switched 0N, while
LHCP waves are radiated if the p-i-n diedes of the bottom
zide of the polarizer are switched ON instead. The physical
mechanisms of the antenna are discossed and the parametric
study is carried ouwt by full-wave simuolations. To verify the
concept, one prototype at 1.5 GHz is designed, fabricated. and
measured. Good agreement between the messured and simulated
rezults is obtained. The antenna achieves a gain =8.5 dBic in both
RHCP and LHCP with an aperture efficiency of 70%. Advan-
tages of the proposed design include electronically reconfigurable
polarizations for RHCP or LHCP, low profile, low cost, high
izolation between the de biss circuit and RF signals, high pawer
handling capability, and eazy extension to large-scale arrays
without increasing the complexity of the de bias circoit. To the
best of our knowledge, this is the first report of an electronically
polarization-reconfigurable CP antenna with a single-substrate
polarizer.

Index Terms— Circular polarization, polarization-
reconfigurable antennas, polarizer. reconfigurable antennas,

I. INTRODUCTION

IRCULARLY polarized (CF) anlennas are important

for wireless systems (mobile satellite communications,
global mavigation satellite systems, wireless local area net-
works, and so on), because no strict alignment between trans-
mitting and receiving antennas is needed. and CP antennas can
reduce the Faraday rotation effect of the ionosphere [1], [2].
Polarization-reconfigurable CP antennas have the advantages
of both circular polarization and polarization reconfigurability.
Thus, they attracted lots of research interests recently. Such
antennas can enable more reliable wireless connections in
dynamic communication environment conditions [3].
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CP planar antennas can be realized by a microstrip patch [4]
or a printed slot [5] using multiple feeds or one single feed.
Alternatively, CP antennas can be implemented by using
crossed dipoles [6]. The helix antennas [7] and spiral anten-
nas [&] are classical examples of broadband CP antennas.
Apart from the above-mentioned antennas, CP antennas can
also be achieved by using a polarizer to convernt linearly
polarized (LP) waves into CP waves [9]-[11]. One main
advantage of utilizing a polarizer is that it can enhance the
gain of a CP antenna without resorting to an array antenna,
which requires a complicated feed network. In [9], using
meander lines to design a polarizer consisting of four sub-
strates was reporied. In [10] and [11]. metasurfaces were
used to convert LP waves into CP waves. Compared with the
conventional CP antenna array. using a polarizer lo generate
CP waves does not need a complex, lossy feed network. Thus,
a CP antenna with a polarizer has the potential of achieving
higher efficiency, in particular, at higher frequencies when the
loss in feed networks becomes significant. It is also possible
to achieve high-gain CP antennas using a partially reflective
surface (PRS) [12]. However, the PRS CP antenna typically
requires about 1/2 wavelength distance between the PRS and
the ground plane, while the distance between the polarizer
and the source antenna can be reduced to approximately 1,/17
wavelength [10]. Thus, a CP anienna using a polarizer can
have a very low profile.

Polarization-reconfigurable CP antennas have been studied
by many researchers [ 13]. The polarization reconfizuration can
be obtained by introducing p-i-n diedes or varactors to the
feed networks of antennas [ 14]-[17], using multiport networks
to switch antennas polarizations [ 18], [19] and modifving the
antennas geomelry to aller their polarizations [20}-[25]. For
example, in [17], the corresponding feed probe of a corner-
truncated patch antenna was switched to realize different
polarizations by adding p-i-n diodes to the feed network.
Xue-Song ef al [19] used a 90" hybrid coupler to feed
the antenna, and the polarizations were switched by feeding
different input ports. In [21], two perpendicular slots were
introduced on a patch antenna. Each slot was loaded by one
p-i-n diode. By controlling the states of the p-i-n diodes,
the polarization could be alered. However, disadvantages of
using these technigues are that the antennas have a complicated
dec controlling circuitry, and it is rather difficult to extend them
to a large-scale array for high-gain CP antenna applications.

In this paper., a polarization-reconfigurable CP antenna
consisting of a switchable polarizer loaded by p-i-n diodes and

(018-026X & 2017 IEEE. Personal use is permitted. but republication/redistribution requires |EEE permission.
Sew hitpharwwieee org/publications_sandardsipublicationsirightsindex.bumd for more information.
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microwave devices 1o be used in the measurement equip-
ment of digital television and telecommunications, includ-
ing computer systems, Code 629,
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Abstract

To cover the working frequency bands of the three mohile
carfers of China Mohbile, China Telecom, and China Uni-
com, power amplifierss (PAs) are requied to own
broadband. A PA with bandwidth 13-2.7 GHz is
designed (fully covers the opemting bands of the thres
mobike cariers). Mesured results show that greaer than
68% efficiency is attained over a 75% bandwidth from 1.3
to 2.7 GHz, The output power is larger than 402 dBm
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Abstract: This paper proposes a modified Doherty power amplifier (DPA)
configuration for bandwidth and efficiency operations. To mitigate the
efficiency degradation resulting from the incomplete load modulation net-
work (LMN) and the knee voltage effect, the carrier mansistor’s optimum
load impedances based on related constant voltage standing wave ratio
(VSWR) circle theory are introduced. Meanwhile, a innovative LMN with
broadband matching technologies is adopted, which plays a guiding role on
the bandwidth expansion from the theoretical point of view. In order to verify
the practical feasibility of the design scheme, two 10W GaN HEMT
transistors are used to design a broadband DPA. The measurement results
show that the working bandwidth of the power amplifier is from 1.6 GHz o
2.6GHz The saturated output power of the whole frequency band is about
41.7-44dBm and the drain efficiency (DE) is more than 50.8% at the input
power of 33 dBm. In addition, the DE is 41.5-45% at 6-dB back-off power.
Measurement results verify that the proposed enhancement techniques of
bandwidth and efficiency are effective for DPA.

Keywords: Doherty power amplifier, constant VSWR circle, broadband
matching technologies, bandwidth, drain efficiency

Classification: Microwave and millimeter-wave devices, circuits, and
modules
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The design, implementation, and measurements of a high efficiency and high power wideband GaN HEMT power amplifier are
presented. Package parasitic effect is reduced significantly by a novel compensation circuit design to improve the accuracy of
impedance matching. An improved structure is proposed based on the traditional Class-F structure with all even harmonics and the
third harmonic effectively controlled, respectively. Also the stepped-impedance matching method is applied to the third harmonic
control network, which has a positive effect on the expansion bandwidth. CGH40025F power transistor is utilized to build the
power amplifier working at 0.8 to 2.7 GHz, with the measured saturated output power 20-50 W, drain efficiency 52%-76%, and
gain level above 10 dB. The second and the third harmonic suppression levels are maintained at —16 to —36 dBc and —16 to 33 dBc,

respectively. The simulation and the measurement results of the proposed power amplifier show good consistency.

1. Introduction

With the rapid development of wireless communication
technology, the requirement of speed and frequency resource
of communication is increasing dramatically [1]. For example,
in the fourth-generation mobile communication technology,
radio frequency power amplifiers used in base stations are
expected to have high performances such as high efficiency
and high output power. In order to improve the energy
efficiency and signal coverage area of communication sys-
tems, efficiency and output power of power amplifier have
been a hot topic since 2000 years [2-4]. At the same time,
s0 as to cover more carriers operating frequency bands,
power amplifiers are required to have good performances
of broadband. Thus, the importance of power amplifier as
the most critical module in a communication system is self-
evident.

Harmonic tuning is one of key technologies to improve
the efficiency and output power. Various operation dasses
such as Class-E [5], Class-F [6], and inverse Class-F [7]
have been proposed. In particular. the Class-F operation has

20

attracted attention due to its excellent performance [8]. A
typical circuit model of Class-F power amplifier is shown
in Figure | in which the Cout and Lout represent package
parasitic effects of the transistor.

The output voltage and current of the transistor in time
domain can be expressed as follows:

o
L) =T+ Y I, -cos(nwt + &)
=l
o i
Vi, (1) = Vg — 3 ¥, - cos (nt + 9,),
=1
where n is the order of the harmonics and £, and w, are the
phases of the output current and voltage at the nth order,
respectively. The current and voltage are both related to the
impedance at a certain frequency. The impedance of each
harmonic can be expressed as

V .
Zpw = f e, 2

where ¢-| =V¥e— Ell'
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Filtering Antenna With Two-Octave

Harmonic Suppression
Chun-Xu Mao, Steven Gao, Senior Member, IEEE, Yi Wang, Senior Member, IEEE, and Zhiqun Cheng

Abstract—A novel second-order antenna with fltering perfor-
mance and two-octave harmonic suppression is proposed. In or-
der to reduce the effects of the harmonics of the antenna, two
types of antennas [planar inverted-F antenna (PIFA) and patch)
with different resonant characteristics are integrated into the de-
sign. Compared to the traditional patch antennas, this integrated
waork can not only eliminate the high-order harmonics of the an-
tenna but alse improve the in-band bandwidih and frequency =e-
lectivity. The second- and fourth-order harmonics of the patch are
suppressed because of the detuned harmonic perfformance of the
PIFA and patch. The third-order harmonic is eliminated by in-
tegrating notch resonators in the PIFA. A prototype that works
at 2.4 GHz is developed to demonstrate the PIFA-patch integra-
tion scheme. Measured and simuolated resolts of antennas agree
well with each other, demonstrating good performance of band-
width, second-order filtering, radiation, and wideband harmonic
suppression (op to 11 GHz).

Index Terms—Harmonics suppression, patch antenna, planar
inverted-F antenna, second-order filtering.

ICROSTRIP antennas have been widely used in
M wireless communications systems. However, microsirip
patch antennas suffer from problems such as narmow bandwidth
and harmonics in the high band. Traditionally, the bandwidth is
broadened by adding an additional patch over the driven patch
[11,[2]. On the other hand, the filters are cascaded with the anten-
nas in the communication systems for eliminating the influence
of harmonics, which are mainly generated by nonlinear mi-
crowave components and the spurious modes of the antennas [3].

In order to reduce the complexity and wolume of the RF
front end, various integrated technigues have been adopied o
suppress the harmonics. In [4]-[7], slots or shorted pins are in-
serted in the radiating element to produce mismatching at the
given bands. In [B]-[10], periodic structures such as defected

eround structures are used to reduce the effects of the harmon-
ics. Harmonics can also be reduced by placing a notch resonator

L. INTRODUCTION
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Fig. I. Configuration of the proposed PIFA-fed patch antenna.

close to the feed [11]. However, most of the technigues pre-
sented so far are dealing with the second-order harmonics., the
higher order harmonics are rarely looked at. The other limitation
of these works is the narrow bandwidth in-band. It is usually
a challenge to achieve a multioctave harmonic suppression be-
cause of the space limitation. In addition. the integration of filter
and antenna can not only suppress the harmonics but also im-
prove the in-band frequency performances such as bandwidth,
frequency selectivity, and gain response [12]1-[17].

In this letter. a novel patch antenna is proposed. By coupling
and feeding the patch using a planar inverted-F antenna (PIFA),
second-order frequency responses with improved bandwidth
and selectivity are achieved. Moreover, the second-, third-, and
fourth-order harmonics over a two-octave band are significantly
suppressed without incurring any additional circuits. The
concept and design methodology are detailed. Measured resulis
agreg¢ reasonably well with the simulations, demonstrating
the proposed PIFA-fed patch antenna has good impedance
bandwidth, frequency selectivity, and broadband harmonic
SUPPression.

II. PIFA-FED ANTENNA

A. Confieuration

Fig. | shows the configuration of the proposed PIFA-fed patch
antenna. The patch is rectangular printed on the upper layer of

1536- 1225 @ 2016 IEEE. Personal use is permitted, but republication/redistribuation requires IEEE permission.
See hetp:fwarwieee ong/publications _standsrdsipublications/frightsindex_html fior more information.
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Frequency-Agile Beam-Switchable Antenna

Chao Gu, Steven Gao, Senior Member, IEEE. Benito Sanz-laquierdo,
Edward A. Parker, Wenting Li. Xuexia Yang, and Zhiqun Cheng

Abstract— A novel antenna with both frequency and pattern
reconfigurability is presented. The reconfigurability is achieved
by integrating an active frequency selective surface (AFSS) with
feed antenna. The smart FS5 comprises a printed slot array
leaded by varactors. A nove de biasing arrangement is proposed
to feed the slots vertically so that the unwanted effects cansed
by hias lines are minimized. A monopole antenna is designed to
illuminate the AFSS. The resulting structure can operate in a
frequency tuning range of 30%. By reconfiguring the different
sections of active F55 cylinder into a transparent or reflector
mode, the smnidirectional pattern of the sonrce antenna can
be comverted to a directive beam. As an illostration, half of the
AFSS cylinder is successively biased, enabling the beam switching
to cover the entire horizontal plane over a range of frequencies.
An antenna protodype was fabricated and measured. Experimen-
tal results demonstrate the capability of providing useful gain
levels and good impedance matching from 1.7 to 1.3 GHe The
antenna offers a low-cost, low-power solution for wireless systems
that require frequency and beam reconfigurable antennas. The
proposed design consumes about 1000 times less de power than
the equivalent narrowhand beam-switching antenna design using
p-i-n dinde-loaded AFSS,

Index Terms— Beam steering, frequency and beam reconfig-
urable. frequency selective surface (F55), frequency tunable.
recenfigurable antennas.

L. INTRODUCTION

UTURE wircless nctworks arc going o evolve to

provide significant improvements, such as higher data
rates, reduced end-to-end latency, and lower power con-
sumption. Most wireless systems employ multiple antennas,
which can lead to increased hardware complexity, large size,
high power consumption, and high cost [1]. Reconfigurable
antennas [2]-[6], with the capacity to clectronically alter
their operating modes, have been extensively studied dur-
ing the past few decades. Such reconfigurable antennas are
important for achieving optimum performance of wircless
systems under various envircnmental condittons. Compared
with frequency-switched antennas, which operate at some
predefined separate frequency bands [7), [8], frequency-
tunable antennas can achieve dynamic control of relatively
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sccepled Apnl 15, 2017, Dale of publication Junc 16, 2017; deic of curmcet
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narrow instantancous bandwidths, and thus allowing opera-
ton over a larger bandwidth. Various continuous frequency
wming technigues employing varactors can be found in the
Iiterature [9]-[13]. A dual-band reconfigurable slot antenna
is presented in [11], where two varactors are placed in
appropriate locations of the slot to achieve dual-frequency
operation. Hum and Xiong [12] propose a differenpally fed,
frequency agile patch antenna incorporating three pairs of
varactors. The tuning range for — 10-dB reflecton coefficient 1s
approximately from 1.8 to 3.15 GHz. Reference [13] presents a
coplanar waveguide wideband monopole antcnna integrated
with a frequency tunable bandpass filter. The resulting antenna
is demonstrated to have a tuning range from 2. 88 o 462 GHz
and a 50% gain reduction at the higher frequencies. Despite
continuous frequency tuning, the beams of the reported anten-
nas in [9]-[13] are all fixed.

Pattern  reconfigurable antennas, on the other hand, can
be exploited as a cost-cffective substitute for conventional
phased arrays that consist of expensive RF components, such
as phase shifters and amplifiers. By subtly steering the antenna
main beam toward the intended users, a paticrn reconfig-
urable antenna can be used to suppress multipath fading and
increase channel capacity. Much work has been done to design
low-cost, pattern reconfigurable antennas incorporating RF
switches [14], [15]. However, there are fow solutions available
for combining both frequency and pattern reconfigurability
into a single antenna structure. A frequency-agile, switched-
beam antenna array described in [16] 15 capable of switching
four beams using switched line phase shifiers. But the antenna
can only operate at two fixed frequencies (4.7 and 7.5 GHz).
The combination of frequency and pattern reconfigurability
into the same antenna leads to a simplified and haghly inte-
grated solution for size-constrained multifunchion platforms
where diversity schemes are employed to improve the system
performance, for example, in multiple-input multiple-output
communication systems.

Maore recently, metamatenials and penodic structures have
been applied to reconfigure radiators [17]-]20]. By integrating
umable surfaces [21]25] with conventional antennas, it is
feasible to develop antennas with mulireconfigurability [9].
Costa ef al [26] present a frequency tunable and beam
steerable antenna consists of a wideband bow-tie radiating
clement over an active artificial magnetic conductor. The
measured resulis show a —10-dB 51 twwning range from
23-3.0 GHz (26.4%) with broadside beam steering. The
antenna has a low profile but its beam cannot steer over the
entire honzontal plane. Electronic beam-switching antennas
cmploying active froquency sclective surface (FS8) have been
an active rescarch area in the last decade due to their potential

This work is licensed under s Creative Commons Atiribution 3.0 License. For mane information, see hitpolicreativecommions org/licensesbhy! 300
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Adaptively Biased 60-GHz Doherty Power
Amplifier in 65-nm CMOS

Shichang Chen, Gaofeng Wang, Senior Member, IEEE, Zhiqun Cheng, Pei Qin, and Quan Xue, Fellow, JEEE

Abstraci— A 60-GHz Doherty power amplifier (PA) imple-
mented in 65-nm bulk CMOS process is proposed. A novel
sdaptive biasing network is devised to dynamically adjust the bias
viltage of the peaking PA, counteracting its low transconductance
caused by the class-C hiasing condition. At &0 GHz, the fabricated
Doherty PA achieves 22% drain efficiency with a saturation
power of 132 dBm. The measored resolis show that over
17% and 8% efficiencies at peak and 6-dB back-off power regions
are achieved, respectively, from 57 to 64 GHz

Index Terms— Adaptive biasing, cascode, Doherty power
amplifier (PA ), millimeter-wave (mm-wave) CMOS, power-added
efficiency.

1. INTRODUCTION

ODERN wireless communication systems generally

use spectral efficient modulations in order to increase
broadcasting capacity in limited frequency resources. These
schemes often accompany very large peak-to-average power
ratios, deteniorating the efficicncy of a conventional power
amplifier (PA).

The Doherty architecture has become the mainstream for
high-power basc-station PA solutions because of its high
cificicncy at back-off power and simple structure [1], [2].
Recently, several efforis on on-chip Doheny PAs have
been reported in the literature [3]1-[8]. However, only few
of them are working at the millimeter-wave (mm-wave)
frequencies [5}-[8]). High substrate loss and low gain at tens
of GHz for CMOS process are the maun hmiting factors.
This situation becomes more severe for Doherty PA, as
the peaking PA must be biased below pinch-off voltage,
resulting in drastically reduced power utility factor and power
gain. Although approaches, such as uneven power division,
asymmeinic iransistor size, or modified load medulaton
network can partially solve the problem [2], they easily fail
at the mm-wave frequencies due to a greatly reduced driving
ability for a class-C biased transistor.

Fortunately, sdaptive bhiasing still survives to counteract
these effects [6].
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Fig. 1. (a) Schematic disgram of the proposcd ABN. (b) Schematic of the
designed 60-0He Doherty PA.

In this letter, a simple adaptive biasing network (ABN) for
the Doherty PA is proposed. The bissing conditions of the
peaking PA and its driver are imtially set low and dynamically
elevated with the input power. By modulating the bias voltages,
the demonstrative Doherty PA achieves high efficiencies at
both peak and back-off power regions.

1. DEsicH
A Novel Adaptive Biasing Network

Fig. l(a) shows schematic diagram of the proposed nowvel
ABN. It is comprised of a transistor My, an RF coupling
capacitor Cin. 8 decoupling capacitor Chypas=. & bias resistor
Rpigs. 4 source degeneration resistor Bg, and a voltage control
resistor Rol. Ve and Vg denote the supply and output
controlled voltages, respectively. The self-biased transistor
senses the input RF power and produces a rectification current
accordingly, whose high frequency components are filtered
out by the decoupling capacitor Chypess. By scnses the filtered
current and transforms it into a voltage. The higher the input
power, the higher the produced voltage 1s. As long as the
control resistor Bod is much larger (e.p.. greater than five
tumes) than Ry, the output control voltage Vg approaches
the voltage generated on Rs. Vo is then used as bias voltage
of the peaking cell, providing dynamically modulated voltage
according to the RF power. It needs to stress that the time
constant t {delay) of the proposed network can be wnitten as

t = RiowlCiosl |
Ry = Rs/{ R/ /— = Rg/f—
P g

Ciotal = Crypass//CP (1)
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Broadband Doherty Power Amplifiers Used in Wireless Communications

CHENG Zhi-qun, LT Jiang-zhou ZHANG Mins
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Abstract: On the basis of handwidth limitations for analysis of traditionsl Deberts combiner stnuclure, we propase 1
new type of load modulation netwnek. The load medulation scheme is @ parailel netweek stmemce and kxl modulation pedod
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ABSTRACT: An ubra.broadband power amplifier {PA) with TGENI2E.
2,00 GraW HEMT operatag in the fraquency of -7 (GHz is presestod in
shis arricke. The GaW HEMT sapsigorismodeled and the froquency
egpensanon and suln iepedance s hing approach with defferen
charageisic impedances of ansesson bae are awploped fior broad-
band impedance mavhing The seanered resuly ggrae well wish the
sivsulated resulre The PA has cupur pover of more than 412 dBwe and
small-gignal pain of 8 dB ar che fropacncy range of 3-7 (2 weder DT
biax of Ve =28 V, Vs = — 298 V. Disails of dewice modeling, awepli-
Jer dexipns, and cvulated and measred resulic are presened and dis-
e € 2016 Wiley Perindicals, e, Microwave Opt Techmal Lex
389015904, 101 é; View shis article ombime &t wil eyom lime tibrasy com .
N 0 e o5

Key wards: fra¥ HEMT, wlra-broadband; power amplifier; dovice
modeling; o gpur povwer

1. INTRODUCTION

Design of broadband power amplifier (PA) is always an impor-
tni challenge in memy different spplicstions including elec-
tronic warfare, wireless commumications, radsr snd medical
microwave mmaging [1.2]. GaN HEMT tramsidor & stiractive Tor
RFEmicrowave PA spplications, 2 il is exsy 1o maich the outpul
mpedance o S0hm and schieve brosdband mmpedsnce moich-
g perdomance [3]. In the recenl few years, numerous ampli-
fiers have heen developed based on the GaN HEMT by many
e archers. However, the limdemental irade-al T beiween band-
widih and sutpul power remains the sme: Higher outpal power
kevel & wully olaned a1 the expense of 2 namower band-
width. And the maximum RF oulpa power 5 less than 5 W
over frequencies ranging Ifrom 3 o 7 GHz Feadback, balanced
snciures, and distribued-type amplifiers are mplemenied 1o
gin and oulpul power, Despile these svanibzges, for an ampli-
fier with & negstive feedhack aAmciure, the bandwidth s
obtamed 31 the expense of power guin and noise [4]. Ampliiers
designed with halanced and dimbuled sruclures hoth have a
sArng demand on the cmssency of the power devices and
power consumption of the cincuis is high [5-7].

In this sncle, 3 GaN HEMT large-sgnal madel is developed
for precisely evalusiing the power characlenstics and desigming
high performeance circuil A novel brosdband metching approsch
& employed in cirouil design. The banding wire omnecied the
unpacksged chip and the peripheral cirowil & medeled by saoli-
ware ol HFESS. T e, the expen resulls demon-
drale the soourscy ol nonlnesr meodel The PA performence
exhibil 41.2-439 dBm oulpul power with mmimumn small signal
gxin of ¥ dB and meore then 2E8% power slded elliciency
(PAE) over 37 (GHe m CW mude.

2 GaN HEMT TRANS STOR MODELING

Regquirement of the scowste GaN HEMT large-signsl madel
should socoami for the main effects in the device like the
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Abstract: This paper presents the desizn of single-pole six-throw (3PST) BF switch with IBM 018 pm 501
CMOS technology, which can be widely used in a wireless conmmmmication system with its hizh performance and
low cost. The circuit is desizned and simulated by using an idea that the total load is divided into six branches and
501 special structures. The insertion loss is less than 0.6 dB, isolation is more than 30 dB, the input power Py 15
for 0.1 dB compression point is more than 37.5 dBm, IIF3 is more than 70 dBm, the Ind and the 3rd harmonic
compressions are more than 94 dBc, and the control voltage is (+2.46 WV, 0, —2.46 V) in the frequency from 0.1 to
2.7 GHz

KEey words: silicon-on-insalator (S0OI); complementary metal oxide semiconductor (CMOS); singls-pole six-

throw (SPET); BF switch
DOT: 1010881 674-4926/37/30 3 oo

1. Introduction

With the development of wireless communication systems,
the demands for the BF switch continue to simulate the trans-
formation of the mobile communication market. The BF switch
plays an important role in mobile commmnications, satellites,
radar and other communication systems. Especially in the case
of cell phones, it is soongly required to have high integration,
high sensitvity, and low distortion, and the consumer market
mcreasingly wends to small size and low cost. Many desizn-
ers have desizmed a number of highly integrated BF switches
by using gallium arsenide (GaAs) technolomy!'- 2! but it is =till
hard to achieve hizgh complexity and integration of the switch,
for example, SPST and SPTT, by using GaAs technology. Fe-
cently, SPMT T/F. switch desizn in CMOS has gained research
due to its excellent BF properties inchoding low cost and mte-
gration. In 2002, Tinella and Michel!® developed an BF 501
antenna switch in the 2.5-5 GHz band in France, its imses-
ton loss is 0.7 dB and isolation is 50 dB. In 2007, Emam
and Fasmouchil*l of Belgium Leuven University developed
a switching circuit based on the 0.13 pm 501 process; this
circwit consists of a float ube and body lead mbes, which are
suitsble for BF systems intepration, and an operating range of
25-200 "C. This paper shows an SPST BF switch circundt by the
BF 501 CMOS process due to its low parasitic capacitance,
high-{? passives and high substrate isolation BF properties!s].
The test results show that: at the range of 0.1-2.7 GHz, the in-
sertion loss is less than 0.6 dB. isolation is more thean 30 dB., the
mput 0.1 dB compression point P ys 15 more than 37.5 dBm,
and the ?nd and the 3rd harmonic are larger than 86 dBc. The
size of the switch is 0.6 x 0.95 mm®.

EEACC: 2570

1. Circuit design

Figure 1 shows the simplified twopology for the SPST
switch consisting of six BF ports. The SPST switch fesftures
a compact series-shunt topology covering § To/Fx channels.
The series stack is used for sipnal transmission between the
antenns and the BF system and the shunt stack to ground en-
hances mfer-channel isolation.

Fipures 2 and 3 show the equivalent circuit diagram of each
main road. K, is the load resistivity, terminated with charac-
teristic impedance &, and then the insertion loss can be ex-
preszed as below:

ANT
Mimck A Stack A&

RFI o b RF4
Sk B Stack B
Slack jhack
" Shack A Stack A — T
Stack B Stack B
BT Gtk A
- taick A Stack A -
Sanck B Stack B

Figure 1. A simplified SPET switch topalogy.

* Project supported by the Zhejiang Provincial Natural Science Foundation of China (Wo. LZ18F010001).
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Initial condition-dependent dynamics and transient period in
memristor-based hypogenetic jerk system with four line
equilibria
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Memristor-based nonlinear dynamical system easily presenis the imibial condition-
dependent dymamical phenomenon of extreme multistability, Le, coexisting infinitely
many attractors, which has been received much attention in recent years. By introduc-
ing am ideal and active fux-controlled memrisier into an existing by pogenetic thadtic jerk

SYsiem, an inkeresting memrisior-based chaotic system with by pogenetic jerk equation amd

circuit forms s proposed. The maost striking feature is that this system has four line squi-

libria and evhibits the scireme multistability phenomencn of coevsting infinitely many

attractors. Stability of these line aquilibria are analyzed, and coexisting infinitely many at-

Trazsiem period tractors' behaviors with the variations of the initial mnditions are imeestigated by bifur-

Memricors eerd ypogensic jerk seaem cation diagrams, lyapunoy sxponent specira, attraction basins, and phased portraits, upon
which the forming mechanism of exireme multistablity in the memristor hased

mefic jerk system is scplored. Specially, unusual transition betuwior of long term transient

perind with steady chaos, completely difierent from the phenomenon of transient chaos,

£an be diso found for some initial conditions. Moreover, 2 hardware dircuit is design and

fabricated and its sxperimental results sffsctively werily the truth of evireme multistablity.

© M7 Emavier BV, All rights reseresd.

1. Imroduction

Chiaas is an iniEresting nonlinear phenomencd, which can be ob@ined from a significans class of nonlinear dynamical
systems described by 2 set of aumaomous ardinary differential squamons [1-4]. Generally. 3 nonkinear dynamical system
is physically fabricared with an anabog elecironic circwit using some off-the-shell discrete components, such a5 resismor,
capacimor, diode, operational amplifier, multiplier, and so on [5.6]. Based on which, complex nonkinear phenomena in various
nonkinear dynamical sysems can be experimentaly measured and efectively validamed from the implementarion cinoies [5-
14].

Memmristor, frst postulared by Chua [15], is 2 unigue and original two-erminal electronic component with an adjos@ble
Tesis@ance of conductance [16]. In the last few years, by inmoducing memristors with different nonlinearites inm some
EXiSTNg dynamical sysems, several memrisor-based chaotic/Myperchandic sysIems are presented and stodied [5.8- 14), most

* Commesponding asrhor.
E-mol oddees: mervinbaod ] 2.com (B Baa)

rnpec i gy LU0 Jj.crises 2017 10,0401
1007570 3017 Brvier BV, AN righrs resroml

30



Hindawi Fublishing Corpomtan
Mathematica! Froblems in Ergemesring
Wolurne 3515, Artacle 1D 54 1801, 13 pagen
b ot e L1 15 8/3018/54 1801

Research Article

@

Hindawi
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This paper proposes a simple amionomous memrisior-hased cecillaior for generting periodic signals Applying an extzmal
stmscidal excitalion in the smonomous system, 2 nonutoaomous cecillalor i obiained, which contains HP memrisior model
and four linear dncuil demenis. This memrisior-hased cacillsior can generaie periodic, daotic, and hyperchackic signals under
the perindic exciiation and an appropriate set of circufl parameters. i also shows that the sysiem exhibits aliernaiely 2 hidden
attractor with no equiliwiom and a self-exciied attrador with a lne equilthbrium as time goes oo Furthermore, some specaliies
including burst chaos, trregular periodic bifurcations, and nonintermittence chaos of the circult are found by theonetical analysis
and numerical stmulations. Fmally, a discrete modd for the HP memrisior is and the main siatistical of this
‘memristor-hased osclllator are verified via 5P chip expertments and KIST (National Instime of Standards and Technology) tests.

L Introduction

A memristor is 2 two-terminal ciromit element, which was
defined by Chua in 1971 [1]. Until 2008 the memristor with
manoscale was first realized ina TiCl, crosshar array structare
form by Willams group from HP (Hewlett- Packard) labs
[2]. As a new device with memary, its potential applications
span different fizlds induding nonvolatile memories on the
manoscale [3, 4], newromorphic systems [5], chaotic circuits
[, and others [7, B]. Thus the HF memristor has abtracted
[9].

In many studies, applictions of memristor are ane of
the active topics of research, since memrisior is 2 oew
ranfinear memory clement and can be wsed in memristor-
based nscillatnr, information encryplion, memary, and o an.

The first memrisior oscilbior with piecewise linear
(PWL) g-q charmacteristics was proposed by Itoh and Chea
[8D], which was cbiained from Chua's circuit. Then some
memristor oscillators with a PWL nonlinearity or a smooth
piccewise.quadmtic nonlinearity are presented based on
(hua's circmit [11, 12). Meanwhile, some other memrisine
osdllainrs based on Choa’s cinoait are propossd, nsing diverse
memristor models with the g nonlinearities qig)
ag + by’ [13]. In these studies, same mew properties, which

31

are different from conventional chaos, such as equilibriem
sel, transient chaos, and sable chaos with an intermittencs
period, are found.

o the other hand, a few nooautonomous memnstior
oacillitnrs are proposed. In [13], an oscillabion circwdt based
on van der Pal ciroait oscillator is implemented. Very recently,
nonautonomous Choss circoit is constructed by replacing
Chia’s dinde with 2 memristor mode] characterized by the
memductance Wig) = —a + Bt which can exhibit some
ompler dynamical properties including transient chans,
transient hyperchacs, and chaotic beats [14].

HNow the most common monlinear @-4 characteristics,
including PWIL, cubic, piecewise-quadmbic, and absolute
value function nonlinearity, of memristor are assumed and
umed to design memristor circuit. But HP T, memristor
is a realized operational device, so it is of great sgnificance
for researching application circuits with the HP memristor.
However, only a few studies on HPF memrisior-based oscilla-
tors hawe reported. In [6], a chaotic oscillator based on the
HF Ti(}, memrisior is introduced, which is very important
for practical applications of memrister But this circodt
makes nse of two HF memristors in parallel with opposite
polarities, thereby showing a defect for circudt oo plexity.
Reference [15] presents a complete modd of HF memristar,
which takes intr consideration the interdependence between
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Abstract In this paper, the securily performance
mmalyss for o self-synchronimtion and closed-boop
fepdhack-based chaotic stream cipher is given. Acoord-
ing to the chosen-cipherext attack methad, it is fomnd
that under the condition of selecting the cipherezt
5 finved walue, the original chantic ilerative squation
ix degeneraled inke an scymptotically siohle i=mtive
ane, 50 that the explict fanction of state wrinhles amd
key parameders can be chiained. Based on this ides
nd according Lo the chosen-ciphenext otindk method,
& single key decipher sigonthm is farther invesi-
peiel Firsily, mmltiple pairs of pleintext—cipheriext
e obtained by choosing the comesponding multipls
frame=s of cipherext os fned valees. Sacondly, o.set of
possible estimated valoes for this single key is scquired
by ufilizing among one pair of plentext-—cipherel.
Fimally, the only edimated valee thol safisfies all the
conditicns of mukiple pairs of plainiest-cipherent i
detzrmined, 2= an estimated vabee from the set of all
possiile estimated values. Seconly perfommancoe anal-
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ysix resulls have shown thet, under the condition that
only one unknown key nesds o be deciphemsd while
the remaining keys are ol knowm, the propossd slgo.
rithm: can, respeciively, decipher each individual key
accamtely. In addition, the sfeck complexity of e
prosposed method is bower than that of the exhaustive
mitack.

Keywords Chosen-cipherient stieck - Chaotic stream
complenity

1 Introducticn

In 1959, Koberi and Mazhews propossd a chaotic
scheme for the it time by imestigating Logistic map
|13]. Since then, many cheotic escryplicn algorithms
hawe been proposed, which can be clessified into fve
types: (1) Pare pogtion scrambling [20]; (2] Open-
Inop based cheotic synchronization siream cipher | 14];
(3} Chaotic sel-synchronivation stream cipher whose
cipherieat is fed back into enoryption prooess. | 22];
{4} Chaotic sel-synchronivntion stream cipher whoss
cipherient is fed back into cheotic sysem [15]; (5)
Position scrambling combined with chactic synchro-
nization stream cipher or cheotic seli-synchronimtion
siream cipher [4, 16]. Recently, scconding io the prin-
ciple of chaos anti-control, B new type of chaotic self-
synchronixation sipzam cipher, whose cipherient is fed
hack inba chantic systerm, was proposed in [ 2,11]. Com-
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Two-memristor-based Chua’s hyperchaotic circuit
with plane equilibrium and its extreme multistability

Peipei Jin - Han Bas - Mo Chen

Heceted 19 January 2007 § Aocepiad: 27 March 2007 § Published taline 3 Agrll 2017

& Springer Sciences Eiminew Metia Dondrechl 2007

Absirnct  Thix paper presenis o novel Gfith-order twa-
memrisioe-based Chua's hyperchantic circuit, which
is synthesized from &n active band pass filier-hased
Chma's circuit through replacing o nonlinesr resistior
mned o linear resistor with two different memristars. This
physical circuit has a plene squilibriem and therefoe
emerges complex phenomenon of extreme multistabil-
ity. Hesed on the mathematical model, stability distri-
hutians of three nonzeno sip=mmlues in the squilibaum
plane ar= exhibited, from which it is obszrved thal foar
differ=ni siability regions with unstable saddle-focus,
nd simhle snd wnsiohle node-focus are distributed,
thereby leading 1o coexisting phenomenan of infinitely
many aftmciors. Furhermors, exieme mubtistability
degpending on bwo-memrisior initial conditions is inves-
tigated by bifecation diagmms and Lyspenoy expo-
nenl spectrs end coexisting infinitely many albmciors”
heheviar is revealsd by phase portreils snd abiraction
hasins. AL lest. o hardware circuit s febricaled and
some experimental oherrvations are capred o ver-
ify that extreme multistshility indeed exisis in the twao-
memrisior-based Choa's hyperchantic circeil

B Hao (1) - T Fang - L Heo - M. Chen
Sohood of Informalika Scisare wnd

Engineering,
‘Changzhou Univenity, Chengzion 213 164, Chim
a.mul meryinhass | 2.omn

. Wang - - Iin

Ky Lehormiony of BF Chrouils sad 5ysiems, Minislry
of Eiducalion of China, lnsbeie of Modem Clmuis md

Inteligent Infonmation, Hengzhon Dis Linvesicy,
Hasgzhou 3 1001E, Chins
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Keywords Memristive circuit - Plane squilibrium .
Infimilely many attracior - Extreme maliistshility

I Imtroduction

Memrisior [1] has great application potzntisls in
cheotic oscillating circeils for its natere nonlinearity
and plasticity properies [2-19]. Differsnl from con-
ventiomal nonkinear dynamical circuits or sysiems, for
o nondinear dynamical circuit or sysism conlaining en
idenl charge/Sux -controlied memristor, the most sig-
nificant featurs is thal the long-term dynemical behav-
iar of the constrecting memristive circgil or sysiem
exiremely relies on the initial state of the memrisio,
which leads 1o the appesmnoe of cosvisting infiniely
rmany attmcines in such memristor-based dynamical cir-
cuits or sysiems | 16-19]. In ather words, the kang-tem
dynamical behavior associaird with memrisior initizl
staie ilbustrates the emergence of exireme multistabil-
ity [20,21]. Ini this paper. we fooss on the constrc-
tion af & nowel Aifth-crder teo-memrisior-based Choa's
hyperchactic circuil and the resultantly complex phe-
nomencn af extr=me multistability emenging from this

Coexisting infinitely many abtractors, definesd =
exireme mubtistability, for the same et of circeil parsm-
elers or sysiem paremetsrs in & nonlinear dynemicel
cirouil or sysiem are reporied in | 16-21]. For different.
imitial stairs, many diferent kinds of ottrecton:, soch s
lefi-right hyperchantic orfand chactic attraciors with
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Coexisting Oscillation and Extreme Multistability for a Memcapacitor-Based Circuit

E&: Wang, GY (Wang, Guangyi){ 11; Shi, CB (Shi, Chuanbao)l 1]; Wang, XW (Wang, Xiaowei)l 2]; Yuan, F (Yuan, Fang)[ 1] n
g, GY (Wang, Guangyi) ( ) 2. W (Wang, ) o el 1 Web of Science XA
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MATHEMATICAL PROBLEMS IN ENGINEERING 9
XEkS: 6504060 IR
DOI: 10.1155/2017/6504969
HiREE: 2017 A GE3IXER
SCRRSERY: Article
=2 gz N
CELEED SRR
e o/ FEERE
Thecoexisting oscillatic observed with itor-based circuit that consists of two linear inductors, two linear resistors, and an active nonlinear sEREIY
= H

charge-controlled memcapacitor. We analyze the dynamics of this circuit and find that it owns an infinite number of equilibrium points and coexisting
attractors, which means extreme multistability arises. Furthermore, we also show the stability of the infinite many equilibria and analyze the coexistence of
fix point, limit cycle, and chaotic attractor in detail. Finally, an experimental result of the proposed oscillator via an analog electronic circuit 3 2
Ex | EllGEE
KeyWords Plus: CHAOTIC OSCILLATOR; MEMRISTOR; EMULATOR; MEMINDUCTORS; DESIGN BEELER
(3=15
TERAEEEAL: Wang, XW (ET/E) S

+ Shanghai Univ, Dept Automat, Shanghai 200072, Peoples R China. Rajagopal, Karthikeyan; Jafari, Sajad;
it Karthikeyan, Anitha; .

y Hyperchaotic Memcapacitor Oscillator
+ [1]Hangzhou Dianzi Univ, Inst Modern Circuits & Intelligent Informat, Hangzhou 310018, Zhejiang, Peoples R China ‘with Infinite Equilibria and Coexisting
Attractors.
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Memcapacitor model and its application in chaotic oscillator with memristor

{%£2: Wang, GY (Wang, Guangyi)l 1; Zang, SC (Zang, Shouchi)l 1; Wang, XY (Wang, Xiaoyuan)! 11; Yuan, F (Yuan, Fang)l 11; lu, HHC {lu, Herbert Ho-Ching)! 2]
=% ResearcherlD 1 ORCID

CHAOS

27 B 1

XEES: 013110

DOI: 10.1063/1.4973238
HHARER: JAN 2017
SZRAFEEL Article
EEETIEEN

B
Memristors and memcapacitors are two new nonlinear elements with memory. In this paper, we present a Hewlett-Packard memristor model and a charge-
controlled memcapacitor model and design a new chaotic oscillator based on the two models for exploring the characteristics of memristors and

memcapacitors circuits. many basic dynamical behaviors of the oscillator, including equil sets, Lyapunov exponent

spectrums, and bifurc jith various circuit investigated theoretically and Our analysis that the proposed
oscillator possesses complex dynamics such as an infinite number of equilibria, coexistence oscillation, and multi-stability. Finally, a discrete model of the
chaotic oscillator is given and the main statistical properties of this oscillator are verified via Digital Signal Processing chip experiments and National
Institute of Standards and Technology tests. Published by AIP Publishing.
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A simple meminductor-based chaotic system with complicated dynamics
{%5: Xu, BR (Xu, Birong)! 12]; Wang, GY (Wang, Guangyi){1]; Shen, YR (Shen, Yiran)! 1]

NONLINEAR DYNAMICS

#: 88 B} 3 T: 2071-2089
DOI: 10.1007/sL1071-017-3363-y
HHARER: MAY 2017

SZRAFEEL Article
EEETEES

B

In this paper, we propose a novel meminductor model for exploring its characteristics. By using this model, a simple meminductor-based circuit with three
elementsis constructed. Stability and dynamical behaviors of the circuit are investigated in detail. The study finds that the system has complicated nonlinear
phenomena, such as coexisting bifurcation modes, coexisting attractors, and two different kinds of chaotic transients. Furthermore, by the circuit
experiment, the chaotic characteristics of the system are confirmed, which illustrates the validity of the theoretical analysis.

e
{E&34#17: Chaos; Meminductor-based circuit; Coexisting attractors
KeyWords Plus: MEMCAPACITORS; CIRCUIT; IMPLEMENTATION; MEMRISTORS; EMULATOR; MODEL
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Chaotic oscillator containing memcapacitor and meminductor and its dimensionality reduction analysis

4% Yuan, F (Yuan, Fang)! }1; Wang, GY (Wang, Guangyi)! 131; Wang, XW (Wang, Xiaowei) 2]
7 ResearcherlD ] ORCID

CHAOS
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XEfS: 033103

DOI: 10.1063/1.4975825
HERSE: MAR 2017

IRFSEEL Article
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In this paper, smooth curve models of and i designed, which are lized from a memistor. Based on these models, a
new five-dimensional chaotic oscillater that contains a memi and itor is proposed. By dimensionality reducing, this fi i
system can be transformed into a three-dimensional system. The main work of this paper is to give th isons between the fi ional system
and its dimensionality reduction model. To investigate dynamics behaviors of the two systems, equilibrium points and stabilities are analyzed. And the

bifurcation diagrams and Lyapunov expenent spectrums are used to explore their properties. In addition, digital signal processing technologies are used to
realize this chaotic oscillator, and chatic sequences are generated by the experimental device, which can be used in encryption applications. Published by
AIP Publishing.
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A Novel Memcapacitor Model and Its Application for Generating Chaos

#E45: Wang, GY (Wang, Guangyi) 11; Jiang, SY {Jiang, Shiyi){ 11; Wang, XW (Wang, Xiaowei){2]; Shen, YR (Shen, Yiran)(11; Yuan, F (Yuan, Fang)'!]
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DOI: 10.1155/2016/3173696
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STERERL Article
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Memristor and memcapacitor are new nonlinear devices with memory. We present a novel memcapacitor model that has the capability of capturing the
behavior of a memcapacitor. Based on this model we also design a chaotic oscillator circuit that contains a HP memristor and the memcapacitor model for
generating good pseudorandom sequences. Its dynamic behaviors, including equilibrium points, stability, and bifurcation characteristics, are analyzed in
detail. Itis found that the proposed oscillator can exhibit some complex phenomena, such as chaos, hyperchaos, coexisting attractors, abrupt chaos, and
some novel bifurcations. Moreover, a scheme for digitally realizing this oscillator s provided by using the digital signal processor (DSP) technology. Then the
random characteristics of the chaotic binary sequences generated from the oscillator are tested via the test suit of National Institute of Standards and
Technology (NIST). The tested reache: of NIST and is better than that of the well-known Lorenz system.

e
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memristive hyper-jerk system with line
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A flux-controlled model of meminductor and its application in chaotic oscillator .
5324

TE Web of Science B S5

7

{%#&: Wang, GY (Wang, Guang-Yi) [ 1]; Jin, PP (Jin, Pei-Pei)l 11; Wang, XW (Wang, Xiao-Wei)|2]; Shen, YR (Shen, Yi-Ran){ 1 ]; Yuan, F (Yuan, Fang)(}; Wang, XY
(Wang, Xiao-Yuan)[1]
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DOI: 10.1088/1674-1056/25/9/090502 A S A
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SERREE: Article S
=EETIESS

1/ EEERE
fre EEESHH

A meminductor is a new type of memery device developed from the memristor. We present a mathematical model of a flux-controlled meminductor and its
equivalent circuit model for exploring the properties of the meminductor in a nonlinear circuit. We explore the response characteristics of the meminductor

under the exciting signals of sinusoidal, square, and triangular waves by using theoretical analysis and experimental tests, and design a meminductor-based 21

oscillator based on the madel. Theoretical analysis and experiments show that the meminductor-based oscillator possesses complex bifurcation behaviors

and can generate periodic and chaotic oscil A special alled the co-existent oscillation that can generate multiple oscillations (such as Bl et

chaotic, periodic oscillations as well as stabl with the same and different initial conditions occurs. We also design an analog circuit sEEcs

to realize the meminductor-based oscillator, and the circuit experiment results are in accordance with the theory analysis.

i BRSS!

{F&242i7: meminductor; oscillator; chaos; co-existent attractor Rajagopal, Karthikeyan; Jafari, Sajad;
KeyWords Plus: MEMRISTOR; CIRCUIT; MEMCAPACITORS Karthikeyan, Anitha; 5.
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A smooth curve model of meminductor and its equivalent circuit have been designed, on the condition that the is commonly The I
equivalent circuit can be used for i for various appli circuit designs of meminductor. Based on the meminductor, a new chaotic S
oscillatoris proposed. The dy; | the oscillator are including equilibrium set, Lyapunov exponent spectrum, bifurcations and
dynamical map of the system. Particularly, the amplitude controlling is analyzed and coexisting attractors are found for conditions of different parameters. 2 2
Furthermore, the experimental results are given to confirm the correction of the proposed meminductor model and the meminductor-based oscillator.
SIFsEETAR
PS5 EEERCR
{5 iiA): Meminductor; chaos; chaotic oscillation
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Coexisting attractors in a memcapacitor-based chaotic oscillator
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Bz
In this paper, asmooth curve model of memcapacitor and its equivalent circuit are designed. Based on this memcapacitor, a novel memcapacitive chaotic
i ntally. The numerical results

circuitis presented. Dynamical behaviors of the circuit with various ically and exp
indicate that the circuit displays complex nonlinear properties including coexisting and symmetrical bifurcations. The main characteristic of this
memcapacitive chaotic circuit is the various coexisting attractors. Different kinds of coexisting attractors and their corresponding conditions are given. The
equilibrium set, Lyapunov exponent spectrum and the basin of attraction are also analyzed. Besides, experimental results are given to confirm the correction

of the numerical simulations.
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Extreme multistability in a memristor-based multi-scroll hyper-chaotic system

{%#&: Yuan, F (Yuan, Fang){ 11; Wang, GY (Wang, Guangyi){ 1]; Wang, XW (Wang, Xiaowei)( 2]
% ResearcherlD #1 ORCID
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wE

In this paper, a new memristor-based multi-scroll hyper-chactic system is designed. The prop istor-based system possesses multiple complex
dynamic behaviors compared with other chaotic systems. Various coexisting attractors and hidden coexisting attractors are observed in this system, which
means extreme multistability arises. Besides, by adjusting parameters of the system, this chaotic system can perform single-scroll attractors, double-scroll
attractors, and four-scroll attractors. Basic dynamic characteristics of the system are including i ts ility, bifurcation
diagrams, Lyapunov exponents, and so on. In addition, the presented system is also realized by an analog circuit to confirm the correction of the numerical
simulations. Published by AIP Publishing.
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IEEE Distinguished Lecture

“Low-cost small smart antennas for wireless communications™

Fi# A : Professor Steven Gao (IEEE Distingnished Lecturer. Chair of
RF and Microwave Engineering). University of Kent, UK

Rt iE: 2016 4E9 A21 A T4 3: 00

# oA ZEPEE 4 HE

& B FIMEBETFREXE EFEE¥R

W 4r: Smart antenna is the key technology for broadband satellite
communications, terrestrial mobile communications (4G and 5G), radar
and future Internet of Things. It can achieve electronically beam steering
towards desired directions while forming nulls towards interferences. For
commercial applications, it is important to investigate novel smart
antennas which can have small size, high efficiency and low cost. This
talk will review the recent development of low-cost small smart antennas
for terrestrial and satellite communications. Some case studies including
low-cost small smart antennas for mobile terminals in terrestrial wireless
communications, Ka-band smart antennas for satellite communications on
the move, low-cost smart antennas for Ku-band satellite commumnications,

etc, will be discussed. A conclusion will be given in the end.
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The Emerging Non-Volatile Memories (NVMs) and Their Role in

Data-Centric Computer Architecture Prof. Zhiping Yu
In-situ wafer-level fabricated high-performance micro/nano gas Prof. Tie Li
sensor

Yun—Ontchip architecture for the next generation embedded Prof. Xiaoning Qi
computing

Sensor Systems for Space Exploration Prof. Hongyu Yu
Non-volatile Spintronic Devices for Interface Application Prof. Zhenghong Qian
FEHEEFHEAREERENEA Prof. Shurong Dong
Micro fluidic, high-efficiency and large-scale single cell trapping Prof. Wenhui Wang

and patterning
The Research Progress of Terahertz Test Technology Prof. Fushun Nian

Manufacture of Spatial Microlens Array Glass Substrate for
Micro-Photovoltaic Application
Progress of package technology for multi-MEMS sensors and
g its economy
Microfluidic Elasto-Filtration (MEF) Chips to Capture Circulating
| Tumor Cells Toward Personalized Cancer Diagnosis
Micro- and Nanotechnologies are bringing Internet of Things
and THz Applications into everyday life

Micro Sensors and Systems

Prof. Jin Xie

Prof. Yufeng Jin

Prof. Yi-Kuen Lee

Prof, Hui Xu

Prof. Shanhong Xia
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IEEE Electron Devices Society (EDS) Mini-Colloquium on
Micro & Nanoelectronics Devices and Integrated Circuits
Program
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1. Challenge of Advanced Semiconductor Devices for future CMOS
Technologies by Prof. Cor Claeys, IEEE Fellow (imec & KU Leuven)
2. Field Effect Transistors: From MOSFET to Tunnel FET by Prof. Joao
Antonio Martino, IEEE EDS Chapter Chair of South Brazil Session
(University of Sao Paulo)
3. All-Carbon Interconnects - From 1D to 3D by Prof. Cary Yang, IEEE
Fellow (Santa Clara University)
4. Generic HEMT Compact Model for Future Hybrid IlI-V/CMOS Technology
by Prof. Xing Zhou, |EEE EDS Vice-President for Regions/Chapters
[Nanyang Technological University)
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Memory Products” “Beyond 100GHz: Device characterization for THz application” BIERER
&, BEAFIHEEE, TERFRABFASHELSEL. Bier LA TS RE T ERTEE
i,

TRINTSBETERANESE, BiHAE]. EDAI efIREEER S EIIER | HAS
TESRHEMENECAEEBRE T Ta. thisthl A 7 HtEsRr SRR | 5%
Mo TZEMORE THAN MOOREEEI VI {EIT | THc09ER, (B FEEFR)

148




XEFS

SREUR : &2 > FREE > ZRESNERANSTRFEREM-MTF201 TER S0

KESHRHRAR AL EELHEM-MTF2017EFREIN
2017=11-20 HiF EHEURECes7

2017411 F6eRELIF10F |, §_ERAEmaaiiu AR =Sz ( 2017 Electromagnetic Materials
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IS APEZO] The 12th International Symposium on Antennas,

Propagation and EM Theory  oecember3-s.2015, tangzhoucrina

HOME

What's New >
Important Dates >
Call For Papers >
Paper Submission >
Committee >
Program >
Keynotes >
Special Session >
Young Scientist Award > # About ISAPE more>> [ What's New more>>

Exhibition > ISAPE, a serial symposium on AP and EM Theory, always e Full program for ISAPE2018 is released
offers an active forum for exchanging creative ideas and * Online registration for ISAPE2018 is now open
Registration > experiences of the latest developments, designs in the e Extension for paper submission deadline
areas of antennas, propagation, and electromagnetic ¢ ISAPE2018 website is open!
Transportation > theory for professors, researchers, engineers and excellent
students all over the world. The 12th International
Symposium on Antennas, Propagation and EM Theory
Accommodation > ISAPE 2018 will be held in Hangzhou, China. All prospective
papers in the areas of antennas, propagation,

Venue >

Contact Us > electromagnetic theory, computational electromagnetic,
and EMC are welcome.
Sponsors
¢.*-}_”.’ * SPONSOR: * ORGANIZER:
@ Chinnes institete of Bisatroning Chinese Institute of Electronics (CIE) Hangzhou Dianzi University (HDU)
= COSPONSORS: China Research Institute of Radiowave Propagation
CIE Radio Propagation Society ~ CIE Antennas Society (CRIRP)
EREZRSESESS » TECHNICAL CO-SPONSORS:
Natlonal Natural Science Foundatian of China IEEE Antennas and Propagation Society (AP-S)

National Key Laboratory of Electromagnetic Environment, China

Key Laboratory of RF Circuits and Systems of Ministry of Education, HDU

Science and Technology on Electronic Information Control Laboratory, China

Science and Technology on Communication Information Security Control Laboratory, China
Science and Technology on Communication Netwarks Laboratory , China

Science and Technology on Electromechanical Dynamic Control Laboratory, China

IEEE Electron Devices Society Hangzhou Chapter

IEEE Microwave Theory and Techniques Society Hangzhou Chapter

CENC PEEFHERDLDE =+ Hom

CEIC ™

SUPPORTED BY:
China Committee for URSI
I E E E National Natural Science Foundation of China (NSFC)
® China Research Institute of Radiowave Propagation (CRIRP)

Hangzhou Dianzi University
Northwest China Research Institute of Electronic Equipment

n . .
Fm ¢ }1;{‘”}:;‘? * PROCEEDINGS: ‘ ‘ . .
HANGZHOU DIANZI UNIVERSITY The ISAPE Proceedings CD of full papers with IEEE and the Library of Congress Catalog Numbers will be available to all
delegates attending the conference. The papers accepted by the conference will be indexed by INSPEC database and EI
Compendex.
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EM'MTF EM-MTF FORUM ~

ELECTROMAGNETIC MATERIALS AND TECHNOLOGIES FOR THE FUTURE

2018 Committee

General Chair: Prof. Y. Jay Gue, University of Technology Sydney (UTS)
Co-Chair: Prof. Y. Yang, Xidian University, China
TPC Chair: Prof. Richard W. Zielkowski, University of Technology Sydney (UTS)

TPC Ce-Chair: Prof Y. Liu, Xidian University, China

International Advisory Committee Chairs: Prof. Raj Mittra and Prof. Trevor S. Bird

Qrganizing Committee Co-Chairs: Dr Peiyuan Qin, University of Technology Sydney (UTS); A/Prof Wen Jiang, Xidian University, China

Local Organizing Committee Co-Chairs: Visagaperuman Ramachandran, Professor, Fiji National University, Fiji; Akisi Mavoa, Director, Fiji

National University, Fiji

Secretary: Dr Can Ding, University of Technology Sydney (UTS)

Copyright @ 2018 by Academic Event S

2018 FORUM ~ PREVIOUS FORUMS Locin - Q

2018 FOI VENUE

The Sheraton
Address: Denarau Island Nerth, Nadi, Fiji

Phone: +679 675 0777

2018 FORU

18th - 21st September 2018
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