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Abstract—A well-defined frequency multiple dividing (FMD)
circuit using a resonant model is presented in this research. The basic
component of a frequency multiple divider as used in a resonant model
is established by compositing a well-defined resonant effect of
negative differential resistance (NDR) characteristics which possesses
a wider operational region and high operational current at a bias
voltage of about 1.15 V. The resonant model is then applied in the
frequency dividing circuit with the above division ratio (Rp) of 200 at
the signal input of middle frequency. The division ratio also exists at
the input of a low frequency signal.
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[. INTRODUCTION

ECENTLY, resonant tunneling devices have been

researched from a solid state semiconductor device [1] to
organic semiconductor devices [2], [3]. The advantages of solid
state semiconductor devices in resonant tunneling devices are a
long operational period, harmless structure and low working
bias, but its high fabrication cost and complexity of device
fabrication are not easily solved. The polymer resonant
tunneling device does not have a long usage period, but its
fabrication cost is extremely low. The realization of good
resonant tunnel devices is studied in the characteristics of
current-to-voltage to obtain a high peak-to-valley current ratio
and high peak-current ratio because of the wider operational
region of the device which is used in memory devices [4], [5],
multi-value logic circuits [6], [7], dividing frequency circuits
[8], [9] and sensor devices [10], [11]. A frequency divider must
have the advantage of low power consumption and be of the
variety of dividing frequency. In this paper, a frequency
divider, with multiple frequencies from low to middle
frequencies, is studied. FMD circuits are explored using a
resonant model based on numerical simulation and calculation.
The frequency dividing circuit, with a resonant circuit model, is
simplified by discrete devices. The combined discrete devices
should be able to fabricate in part of the integrated circuit by
adoption of suitable fabrication technology. The well-defined
frequency dividing characteristics will be used in more fields of
wireless communication.
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II. RESEARCH METHOD

In this research, PSPICE software is used for simulation of
dividing frequency circuits with a resonant model combined by
a discrete element. The multiple dividing frequency circuit,
with a resonant model, can be drawn by using a choice of
patterns for the analysis of circuit simulation. The results show
that the circuits can be completely installed in the workstation
by the simulation of PSPICE. The resonant model applied in
FMD circuits will be introduced by the analog circuit following
the experimental steps below. First, the PSPICE software with a
resonant model is used in the drawing schematic. Second,
mapping is accomplished by the click option in the capture
mode analysis with direct current and time domain simulation.
Third, the analog circuits in the PSPICE module are added and
analyzed. Then, as the simulated results are not complete, the
components of the circuit in dividing frequency must be
corrected by using the component of time domain and then,
redoing the circuit simulation. After revising the component of
FMD circuits, the simulation results show the frequency
dividing function which will produce the output of dividing
frequency, as above. If the spectrum analysis is completed
using the Fourier analysis, it will produce a spectrum with
different frequencies while simulating the FMD circuits.
Lastly, the X-axis and Y-axis will be adjusted in the simulated
results if the X-axis and Y-axis of the calculated results are
improper. In this study, the different divided frequencies verify
that each frequency is varied with the resonant component.

III. RESULTS AND DISCUSSION

A FMD system using a resonant analog circuit is constructed
with an adjusted precise resistance. The resonant analog circuit
includes a third-order negative different resistance in
sub-circuits which is composited with lumped elements and an
amplifier. In order to realize the frequency divider, the exact
value of the lumped element, such as resistances, must be
arranged by the calculation and simulation of PSPICE. The
frequency multiple divider using a resonant model is
established, as shown in Fig. 1.

The output of NDR characteristics for the resonant model is
shown in Fig. 2. The curve of voltage versus conductance has a
maximum value for the conductance at a bias of about 1.15 V in
this single resonant model. To cause a formed maximum
conductance value it is suggested that NDR must occur because
of the design of the resonant circuit. This resonant circuit has
resistances, capacitances and three terminal devices, of which
the resistance is the key element. The resistance value of a
resonant model is important when deciding the frequency
dividing value because the operational point is found by the
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cross of NDR characteristics and the load line at a resonant
region.
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Fig. 1 Schematic of frequency divider using resonant analog circuit
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Fig. 2 The negative differential resistance characteristic for the
resonant model

12 I . .. R

g 1 =
N _ 7
S SESSSSSSSSC
& \ /
s 0 A\ ,
E b
- 4 ™ 7/ c——
L .
g
<_ 12 . - H : - : i .

0 5 10 15
Time (ms)

Fig. 3 The output of frequency divider at the input of low frequency

With the successful establishment of a well-defined resonant
model, a frequency divider is constructed, as shown in Fig. 1,
by using the above resonant model. In this frequency divider, a
three-stage resonant model is utilized to complete the
frequency division from a low frequency to a middle frequency.
The researched results are shown in Fig. 3, which shows the
output of the divided frequency.

In Fig. 3, the input frequency is divided in multiples of 0.9 at
a slightly low frequency. The multiplication of divide is called
the division ratio (Rp). The division ratio (Rp) is defined by
input frequency (F) over output frequency (Fo), as shown in

(1):

Ry =t M

The frequency divider in this research is completely
established and proven by the simulation. The signal input of
various frequencies is arranged from the low frequency to the
middle frequency. The frequency is inputted from about the
base band to 100 KHz, as shown in Table I. From this result, the
frequency divider possesses a dividing function at various
frequencies from the low frequency to the middle frequency.
The results show that the ratio of division (Rp) rises as the input
frequency rises. This model can be adapted to the frequency
division of higher frequencies by using these results.

As the input frequency rises, the division ratio (Rp) also
rises, although a variety of ratios of division (Rp) has a
nonlinear relation as a function of the frequency variable. This
phenomenon agrees with the conclusion that the switching
function of a resonant model is the speed of charge and
discharge with the effect of inductance and capacitance.

The component of frequency dividing circuit, as above, is
defined in a resonant model. The resonant model can be
constructed and listed by two methods. The resonant model can
first be defined in the resonant electronics circuit which
includes the lumped elements and amplified devices. The
fundamental of the resonant electronics circuit is a switching
operation of the transistor with various resistance values. When
one of the transistors is turned on at the first stage, the system
current will be increased with the increased bias voltage.
Before the first transistor turns off, the second stage turns on,
and the current of the resonant model will fall to a lower value.
In this situation, a negative differential effect of the current-
voltage characteristics will occur. When the transistor of the
second stage is turned on and the transistor of the first stage is
turned off, the resonant model will produce a rising current with
an increasing bias voltage. Therefore, the negative differential
characteristic of a resonant model will be applied in the
switching circuit which can construct the frequency dividing
system. As the negative differential characteristic is
well-defined, the operation of frequency dividing system will
be able to be used at a higher frequency. In this study, the
frequency dividing system normally worked at a frequency of
100 KHz.
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TABLE 1
THE OUTPUT FREQUENCY AS THE FUNCTION OF VARIOUS INPUT FREQUENCIES
fnput B) 6o 11, 500 Hz 100 KHz
Output
Frequency output (Fo) 59 Hz 400 Hz 0.5 KHz
Division ratio 1.02 1.25 200

As the resonant model is added to the capacitance load in the
resonant system, FMD system can be established because of the
combination of both the capacitance and switching device in
this structure, resulting in the division of input frequency,
called the frequency dividing device. Another type of resonant
model is constructed by using the growth of thin films in
semiconductor fabrication. The resonant model of this
semiconductor type also shows good negative differential
characteristics because of the precise control of thin film
growth for the quantum well or quantum dot. A resonant model
of a semiconductor type possesses fixed inductance values due
to the quantum well effect. Since the capacitance load is
combined with a resonant model of an inductance type, a
frequency multiple divider with a resonant effect will be
established. The frequency divider of a semiconductor type will
not have good control of the inductance value because the
inductance effect in the quantum structure is still unknown. The
advantage of a frequency dividing system for the
semiconductor type is that the device can be grown with
fabrication of integrated circuits in situ on a silicon base. The
resonant model of a semiconductor type includes both a
geometrical depletion capacitance and a quantum capacitance
which is not easily declared. The phenomenon, as described
above, is a disadvantage for the resonant model of a
semiconductor type, although the dimension of a frequency
dividing system can be minimized in this type.

Equations (2) and (3) exhibit the input signal (vy) and output
signal (Vo) of FMD circuits, respectively. In the equations, F;
and Fo are the input frequency and output frequency,
respectively. O, is the phase error between the input signal and
output signal [12].

v, =V, ;,sin(Ft) (2)

m,in
VO = Vm,out SiIl( FOt + Hpe ) (3)

The relationship between the frequency input (F;) and
frequency output (Fo) is shown in Fig. 4. The frequency input is
a function of the frequency output. The curve shown in Fig. 4
reveals the nonlinear function. When the input frequency is
more than 400 Hz, the output frequency is abruptly increased
which results in a better division ratio. Therefore, the output
frequencies of FMD devices proposed in this research are
well-defined in high frequency reached as MHz.

The relationship between the division ratio (DR) and
frequency output (Fo) is presented in Fig. 5. When the output
frequency is more than 400 Hz, the division ratio is
significantly increased from 1.25 to about 200. This suggests
that the high division ratio in a high frequency is due to the
resonant conductance effect including the external inductance

(Lo), series resistance (Rs) and load impedance (Zr) with
capacitance effect (C) [13].
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Fig. 4 The relationship between frequency input (F1) and frequency
output (Fo)
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Fig. 5 The relationship between division ratio (DR) and frequency
output (Fo)

The external inductance (L), series resistance (Rs) and load
impedance (ZL) with capacitance effect (C) originate from the
leakage current items, wire bonding effect and load effect of
FMD devices, respectively. NDR (Ry) of FMD devices also
plays a critical role in the division ratio (DR). A NDR (Ry) is
generated at the output frequency (Fo) [14]. The NDR (Ry) is a
function of the output frequency (Fo), as shown in (4) [14]. The
n and C are the constant value of about 0.5 and device
capacitance effect, respectively.

L:i(L)C 4)
Ry 2 n+l1

In this research, the C and output frequency (Fo) are defined
as 440 pF and 0.5 KHz, respectively [13]. The Ry is about
121.2 x10% ohm. In this situation, the optimum value of the
division ratio (Rp) could reach 200 as NDR (Ry) and
capacitance value (C) of FMD device are all fixed at the
constant values. The research results are exhibited in Fig. 5.
This frequency dividing function of a FMD device can be
applied in wireless sensor systems, short-range communication
and radio frequency identification systems.
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IV. CoONCLUSIONS

A frequency multiple divider using a resonant model is
proposed in this paper, obtaining proof of dividing frequency
from base frequency to middle frequency by calculating the
frequency dividing circuit. The basic element of a dividing
frequency circuit used in a resonant model has been exactly
completed by composition of lumped elements and amplifier. A
resonant model is developed with the characteristics of NDR
which has been applied in the frequency dividing circuit in this
study. This research proposes a frequency dividing circuit with
a well-defined division ratio (Rp) from the signal input of low
frequency to middle frequency of about 100 KHz.
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