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Abstract:

The behavior of nonlinear resonator(R,L and Vanaa®de) series circuit are
simulated in this paper using Electronics workbepobgram version 5.12 for two diodes (
BYW32 and BYW36 ).Unstable behavior was observednduthe range of frequency ( F =
1.5X10" — 2X 10Hz) which the circuit behave randomly. It is notspible to measure
VRr,VL,Vp and | exactly

Introduction:

The nonlinear dynamics of the p-n junction has baesubject of intense interest
since the dawn of chadgzl and experimental work has focused on the dampecerdr
nonlinear oscillator formed by a resistor ,inductmid varactor diode ( RLD circuit )
connected in seridd. The optical bistable device has been shown tiixeriod doublings
and choosé&” .

Simplest passive circuit that displagsigpd doubling and chaos is a good model of the
ubiquitous p-n junction and its nonlinear resondtoirrom the particular point of view these
experiments are much simpler for the study of th&arsal behavior of all the nonlinear
dynamical systenf¥, while chaotic behavior was also reported for ié®ponse of a driven
oscillator "1 Variable capacitance diode can be used in anydtaireuit application where
previously mechanical methods where utilized, andvide a size ,cost and performance
advantagdl . And used as in FM tuning ,Fiber—optics recéivand antend®’ application.

VARACTOR DIODE:

A varactor diode changes capacitano@gtional to the reverse bias across the p-n
junction. Two common types of varactor diodes; giband hyperabrupt. The abrupt junction
varactor diode is made with a linearly doped p4rciion and typically has a capacitance that
changes the specified range of reverse bias. Abjumdtion diodes are available with
maximum reverse bias voltage between 5V and7V.Aerbprupt junction varactor diode has
a nonlinear doped p-n junction that increasesdpacitance changes vs. reverse bths.

SIMULATION RESULTS:

Resonator used in this study conegrisf two diode type ( BYW32 and BYW36 ),
an inductor of (2mH) in inductance and a resisforaviable resistance, and a signal generator
type (10-3X16Hz)as shown in figure(1). It generate Sine wavel%volt. Current in the
circuit and voltage drops at each element wererdszb using a electronics workbench
program.Pervious studi&'m investigated the voltage signal on the resistdneRinductor L
and the capacitor(the varactor)C of diode type 1N40

To get an overview of the whole chao®havior of the resonator in this study with the
aid of driven nonlinear oscillator ,the relation ¥k(voltage at resistor),\(voltage at
inductor),\c(voltage at capacitor) and current |, in this cirgagainst the frequency were
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studied .Applied voltage, resistor and inductoregerin = 15 volt ,R=20Q and L =2mH )
respectively, and diode types were ( BYW32 and BY)V&s a figure (1) .

The study of simple nonlinear #ieal resonators proved to be as important as

other types of resonat

Figures (2 to 5) represented the reladibeach of ,V.,Vp and | against frequency F
respectively, for varactor diode type BYW32.Figuf@<o 9) represented the same relation of
VRr,VL,Vp and | against frequency F respectively for varactimde type BYW36. Figures
(10-12) shows the signal behavior at each elemaitht mcreasing frequency at each of
VRr,VL,Vp respectively with time for different frequenciesr fthe above two diodes.
Figure (13)shows the difference betweer &nd \byr when we added resistance (kin
series between varactor diode and ground, whenlBOkHz it is obvious that the ¥/ sine

Figure (1). Equivalent diode cir cuit

wave and Myt are square waves and they are to be appliedignal generator.
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FIG(2) Relation of voltage difference on theresistor Vg and frequency when
(R=2002, L =3mH and Vin =15 volt) for diodetype(BYW32)
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FIG(3). Relation of voltage difference on the inductor V and frequency when
(R =200€, L =3mH and Vin =15 volt) for diode type(BYW32)
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FIG(4). Relation of voltage difference on the capacitor V¢ and frequency when
(R =200€, L =3mH and Vin =15 volt for diode type(BYW32))
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FIG(5) Relation of current and frequency when ( R =200€, L =3mH and
Vin =15 volt) for diodetype(BYW32)
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FIG(6) Relation of voltage difference on theresistor Vg and frequency when
(R=200€, L =3mH and Vin =15 volt) for diode type(BY W 36)
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FIG(7). Relation of voltage difference on theinductor V. and frequency when
(R =200, L =3mH and Vin =15 volt) for diode type(BY W 36)
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FIG(8). Relation of voltage difference on the capacitor V¢ and frequency when
(R=2002, L =3mH and Vin =15 volt for diodetype(BYW36))
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FIG (9). Relation of current and frequency when ( R =200, L = 3mH and
Vin =15 volt) for diodetype(BYW36)
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FIG(10) Relation of voltage differenceon theresstor VR and Time when
( F =1,60,100,140,200 KHz) for diodetype( BYW32 and BY W 36)
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FIG(11). Rdation of voltage difference on theinductor VL and Time when
( F =1,60,100,140,200 KHz) for diodetype( BYW32 and BYW36)
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FIG(12). Relation of voltage difference on the capacitor V¢ and Time when
(F =1,60,100,140,200 KHz) for diodetype(BYW32and BYW36

PDF Created with deskPDF PDF Writer - Trial :: http://www.docudesk.com



B.A.GHALIB

VD VD

Varactor Diode( Byw 32) Varactor Diode ( Byw 36 )

F=100K H:

F =140K Hz

F =200K Hz F =200K Hz

Time

A 4

FIG(13). Relation between V| voltageand V oyt voltage when
( F=1,60,100,140,200 KHz) for diodetype (BYW32and BYW36)
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Results and Discussions:

If we assume no nonlinearity in thiscuait, increasing input frequency will increase
the inductive reactance X 2xfL and decrease capacitive one £ X 1/2tfC ). This means
that voltage will increase on L while it decreasesC until a situation will be reached where
V_=V¢ and current will be maximum where the impedanagvsn by:

Z=R(X=X) e 1)

From figures (2-5) one can draw the notibe following conclusions for diode
type(BYW32) :

As F increased g/almost constant until F=1x18z then the voltage reading shows
instability when F increased more that F=1%4p, in other words, ¥ varies continuously
with time. Between F=1.5xfBlz and F=2x1tHz voltage reading is not stable completely
.This is an indication of entering chaotic region .

In the inductor ), case as expected voltage increases as F incngpgesF=1x10Hz
then decreases when F =239 and it is not stable between F =1.5%180to F=2x16Hz
then decreases sharply with instability to almostozvoltage. This behavior cannot be
explained using the standard electricity unlessynk@rds of nonlinearity exist in this circuit.
The voltage ¥ on the diode is almost constant until F=1349¢ then it increases near
F=0.5x10Hz .At F=2x10Hz it decreases sharply and loses instability witer2x1GHz. A
similar behavior for diode type (BYW36) was noticed Vg,V ,Vp and | in figures (6 to 9)
respectively.

In the reverse direction ,the p-i-n diotlee,the varactor diode, varies in capacitance
with applied voltage .The oscillator circuit hasalgy with pendulum, often used as a
demonstration of Faradayand Lenz's Laws.

Varactors are usually the Q factor limitatio RLC resonant circuit, where the varactor
is the tunable element. A careful selection musiiaee to find the device with the highest Q
for the frequency range of interést! .The quality factor Q is defined as the ratio bé t
resonant frequency to the bandwidth, so for thieseircuit we have™!

Q: _1 _L ........................ (2)
R C

The amplitude of the voltage across either the étmluor the capacitor at the resonant
frequency is time the amplitude of the source ¢mte’. From eq.(2) the Q factor is unstable
because C is unstable too, because the varactbe diaised with variable internal capacitor.
The property of varying the diodgaeitance with the reverse voltage is useful in
tuning circuit . The variation of capacitance witequency depends on the semiconductor
doping , because the concentration of electrorectathe capacitance depending on the
doping, varactor diodes are classified as Abrupttion and Hyperabrupt Junction varactors.
The operating frequency of a coplanar ipauotenna is tuned using a single varactor
diode located at one of the radiating e@é’bs

Conclusions :
Using Electronics workbench program var$al2 shows the following:

1. Nonlinearity in a simple( R,Land Varactor diode)eries circuit for two types of
varactor diode ( BWY 32 and BWY36 ) between ( F =l _ 2x10° Hz') was
noticed and this is caused by doping .

2. The existence of some kinds of nonlinearities oesp for such a behavior in
depletion region of the diode .

3. Values for \k , VL ,Vp, andI and the range of voltage and frequency cannot be
measured exactly.
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