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Introduction

Chaos in the Colpitts oscillator was first reported at
the kilohertz frequencies [1]. Later the circuit was
investigated in the high frequency (HF: 3 to 30 MHz)
range [2,3]. Chaotic oscillations were demonstrated at the
fundamental frequency f*=23 MHz using the 2N2222A [2]
also at f*=26 MHz using the 2N3904 [3] bipolar junction
transistors, both with approximately the same threshold
frequency fr of 300 MHz. By means of the PSpice
simulations chaos was predicted at =500 MHz using the
microwave AT41486 type transistor with fr of 3 GHz [2]
and at /*=1 GHz employing the BFG520 transistor with fr
of 9 GHz [4]. However these results were not confirmed
experimentally at that time. Very recently we demonstrated
chaos in a hardware prototype at f*=450 MHz,
=780 MHz, and f*=1060 MHz using the BFG520
microwave transistor [5]. Analysis shows that in classical
(single-transistor) Colpitts oscillators, chaotic oscillations
can be generated up to approximately f*~0.1f7, that is at
f*=900 MHz with the BFG520. Indeed, only weak chaos
with 20 to 30 dB height peaks at f* also at its sub-harmonic
and higher harmonic components can be expected for
f*=1000 MHz [4]. Moreover, the PSpice simulations
indicate that chaotic oscillations observed experimentally
at f*=1060 MHz in [5] are due to the parasitic elements,
like wiring inductance and wiring loss resistance that can
be important at the ultrahigh frequencies.

In this paper we recall to a two-stage Colpitts
oscillator introduced and discussed several years ago [3,4]
and promising higher fundamental frequencies, up to
f*~0.3fr. We describe an example of a hardware
implementation of the modified oscillator and present
experimental evidence of its chaotic performance in the
ultrahigh frequency (UHF: 300 to 1000 MHz) range.

Circuit
Simplified circuit diagram of the two-stage Colpitts

oscillator [3,4] is sketched in Fig. 1, meanwhile its specific
hardware implementation is presented in Fig. 2.
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Fig. 1. Two-stage Colpitts oscillator

In comparison with the classical single-transistor
Colpitts oscillator [1,2,5] the two-stage modification
includes an extra transistor Q2 and an extra capacitor C3.
We note that both transistors, Q1 and Q2 in respect of AC
signals are in a common-base configuration.

The fundamental frequency f* of a two-stage Colpitts
oscillator can be estimated as

1 \/C1C2 +C1C3 +C2C3 _ﬁ (1)

fr=o- .
2w LC] C2 C3 L2

The actual experimental circuit diagram is shown in
Fig. 2. Meanwhile its parameters values are discussed in
the next section.

The Q1-Q2-based stages compose the intrinsic two-
stage Colpitts oscillator while the Q3-based one is an
emitter follower inserted to buffer the influence of the
measuring devices. The resonance tank combines the loss
resistor R, the inductor L, and three series capacitors CI,
C2, C3. The C4 is a coupling capacitor. Small auxiliary
capacitors of 300 pF (not shown in the circuit diagram) are
connected in parallel with the main blocking capacitors CO
to improve filtering at high frequencies. The bias emitter
current /, can be tuned by varying the voltage source V2.
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Fig. 2. Full circuit diagram of a two-stage Colpitts oscillator
Parameters

In the hardware prototypes the circuit parameters
were the following: Ry=100Q, R=510€Q, R,=3kQ,
Ry=5.1kQ, R~=3kQ, R=200Q, R~=1.5kQ, Cy=47nH,
C=10pF, GC=10pF Cs&=1pF, Cs=270pF (other
parameters of the tank elements, namely R, L, and C,
depend on the chosen fundamental frequency f* and are
given in the caption to Fig.4). We note, that in a real
circuit the total tank inductance L consists of: (1) the Ly
controlled by an external inductive element, (2) the
parasitic inductance of the loss resistor Ly, and (3) the
parasitic inductance Lc, of the filter capacitor. Thus,
L=LqtLgtLcg. The two latter values are each
approximately 2 nH. The microwave transistors BFG520
discussed in the Introduction were employed in the circuit.
The specific values of the supply voltages V; and V, were
adjusted to achieve the desired chaotic performance of the
oscillator.

PSpice simulations

Simulations of the circuit in Fig. 2 were performed by
means of the Electronics Workbench Professional
simulator, based on the PSpice software. The Gummel-
Poon model of the transistors was employed. Chaotic
performance of the oscillator is observed in a sufficiently
wide range of the control parameters and is illustrated in
Fig. 3 with a typical phase portrait. It was simulated using
the following tank and supply values: R=47 Q, L=16 nH,
C1:2.4 pF, C2:C3:10 pF, V1:10 V, V2:24 V.

Equations and numerical integration

Dynamics of the two-stage oscillator in Fig. 1 is
described by the following ordinary differential equations:

dt

G =1, —Igo1(r,Ve2, Ves),

=Vo—Ver—Vea —Vezs —RIy,

dt
dt

C3

=1p —1Igoa(r,Vea).

C2 :IL_[O'
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In eqn. (2) the forward current gain of the transistors is
assumed to be o= 1, that is the base currents are neglected.
The r is the differential resistance of the base-emitter
junction in the forward-active mode. In this simplified
mathematical model the » is considered to be a constant
parameter. Meanwhile in experiments it can be slightly
controlled by tuning the emitter dc bias current /.

By introducing the dimensionless quantities

a4 Ve [ Ve ot

Ply Ty Ply Plo 4
0=l bR L G e, =23
}'" p: C17 1> 2,3 Cl ’

and using the piece—wise linear approximations of the
current-voltage characteristics of the base-emitter junctions

l—a(z+v), a(z+v)<l,
Fi(a,z,v) = 3)
0, a(z+v)21.
Fy(a.2) l—az, az<l1, @)
a,z)=
2= 0, az>1.

a set of equations convenient for numerical integration is
obtained:

x:y_Fl(a’Z7v)’
y=—x—-z—-v->by,
©)

e3v=y-F(a,z),
822.:)/—1.

The result of numerical integration of eqn. (5) with
a=11.5,b=0.6, £,5=4is presented in Fig. 3 (right).

Fig. 3. Typical chaotic phase portraits, current through the
inductive element (/;, oc y) vs. collector voltage (Vg oc (x+v+2)).
PSpice results (left) and results from eqn. (5) (right)

Experimental results

Several power spectra were taken at different f* with
spectral resolution of 120 kHz. Two of them are presented
in Fig. 4. The spectra are broadband continuous ones with
rather flat rises at the fundamental frequencies f* and
around the sub-harmonics f*/2 or f*/3 and 2/*/3.

In comparison with a single-stage oscillator [5] the
modified version exhibits essentially better spectral
features. For example, at f*=600 MHz the lower and the



upper frequency band limits are f=250 MHz and  oscillator has better spectral characteristics than a classical

=700 MHz within the spectral unevenness of 10 dB,  single-stage oscillator.

while fi=150 MHz and f£=1000 MHz within the
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G. Mykolaitis, A. TamaSevicius, S. Bumeliené, A. Baziliauskas. Lindberg E. UAD ruoZo dviejy pakopy chaotinis Colpittso
generatorius // Elektronika ir elektrotechnika. - Kaunas: Technologija, 2004. - Nr.4(53). - P.13-15.

ApraSomas dvieju pakopu chaotinio Colpittso generatoriaus eksperimentinis variantas. Jame panaudoti BFG520 tipo
mikrobanginiai tranzistoriai, kuriy ribinis daznis 9 GHz. Generatorius i$tyrinétas skaitiskai ir eksperimentikai. Btidingi faziniai portretai
ir placiajuosciai tolydiniai galios spektrai rodo, kad generatorius generuoja chaotinius virpesius ultraaukstyju dazniy ruoze (UAD:
300-1000 MHz). Palyginti su klasikiniu vienos pakopos Colpittso generatoriumi, dviejy pakopy generatorius pasizymi geresnémis
spektrinémis charakteristikomis. Santykinis dazniy juostos plotis yra 0,47 arba 0,74, kai centrinis daznis yra mazdaug 500 MHz, o
leistinas spektrinio tankio netolygumas — atitinkamai 10 dB arba 20 dB. Il. 4, bibl. 5 (angly kalba; santraukos lietuviy, angly, rusy k.).

G. Mykolaitis, A. Tamasevicius, S. Bumeliené, A. Baziliauskas. Lindberg E. Two-Stage Chaotic Colpitts Oscillator for the UHF
Range // Electronics and Electrical Engineering. - Kaunas: Technologija, 2004. - No.4(53). — P.13-15.

A hardware prototype of the novel two-stage Colpitts oscillator employing the microwave BFG520 transistors with the threshold
frequency of 9 GHz is described. The circuit is investigated both numerically and experimentally. Typical phase portraits and broadband
continuous power spectra demonstrate chaotic performance of the oscillator in the ultrahigh frequency range (UHF: 300 to 1000 MHz).
The two-stage chaotic Colpitts oscillator exhibits better spectral characteristics compared to a classical single-stage Colpitts oscillator.
The relative bandwidth is 0.47 and 0.74 for the central frequency of about 500 MHz within the spectral unevenness of 10 dB and 20 dB,
respectively. Ill. 4, bibl. 5 (in English; summaries in Lithuanian, English, Russian).

I'. Muxoanaiituc, A. Tamamsasuuroc, C. Bymsuiiene, A. basuiasiyckacA., 3. JIunaoepr. JIByXkackaJHblii Xa0THYeCKHii reHepaTop
Koamuua nas YBY anana3ona // DnekTpoHUKA U 3jeKTpoTexHUKA. - KayHac: Texnosorus, 2004. - Ne 4(53). — C.13-15.

OmnuceIBaeTcsl SKCIEPUMEHTAIBHBIA IIPOTOTUII HOBOTO JBYXKAacKagHOTO reHeparopa Kommuma, MCHonb3yromuii MEKPOBOJTHOBEIE
tpausuctopsl BFG520 ¢ rpannuHoit yactotoit 9 I'Tu. 'eHepaTop uccieoBaH YMCICHHO U SKCIIEPUMEHTANBHO. XapakTepHble (Ga3oBbie
HOPTPETHI U LIMPOKOIIOJIOCHBIE HEPEPBIBHBIE CIIEKTPHI ICMOHCTPUPYIOT Xa0THYECKYIO FeHepaltio Ha yIbTPaBBICOKUX yacToTax (YBY:
ot 300 no 1000 MI'my). JIByXkackaaHbIi XaoTHueckuil renepatop Konnuna obnafaeT TydmmMy CIEKTPaIbHBIMU XapaKTePUCTUKAMHU I10
CPaBHEHMIO C KIIACCHYECKHM OJHOKAacKaJHBIM TreHepaTopoM. OTHOCHTENbHAs LIMPHHA TOJOCH HAa IEHTpanbHOH uyacTtoTe okoio 500
MI'n npu HepaBHOMepHOCTH criekTpa 10 1b u 20 gb cocraBnser coorBercTBeHHO 0,47 u 0,74. Win. 4, 6ubn. 5 (Ha aHIIIHIICKOM SI3BIKE;
pedepatsl Ha TUTOBCKOM, aHTIIMICKOM U PYyCCKOM $13.).
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