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Abstract: Negative resistanaadio frequency (RF) andicrowave oscillators are wideused in modern
wireless communication systems. In these circtiits,active device is imposed to work in the ungt
region in order to present a negative resistands &tput or output port. This paper discussesetfiect
of the load impedance oneharge signal behavior of the oscillator circhitdughout a design process
a practical 900 MHz RF oscillator circuit. New ao-form expressions for the optimum load resiste
and reactance that maximize the output power haea derived analytilly in terms of the transistor-
parameters, and a design criterion for the RF laseilis proposed based on the evaluated optimuaah
impedance. It has been shown through computer ationol that the optimum load resistance
reactance for maximum taut power are dependent on each other. Furtherrnidras been verified th
the optimum load impedance for maximum negativestasce differs slightly from its value required
maximum output power and this deviation increaséh the increase in e RF power level. Th
designed oscillator circuit has been implementetitasted successful
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1. Introduction

In negative resistance oscillators, the RF traosist characterized as a one-port
network by its input impedancg, connected with a resonator of impedateas
shown in Fig. 1. The circuit can oscillate if thos$ in the resonator is absorbed by the
negative input resistance of the active device.
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Figure 1. A Simplified Topology of the Negative Resistance Oscillator
The loop equation of the circuit in Fig. 1 is weittas:
Lin- (Zin + Zr) =0 @Y
Equation (1) can be satisfied if eithgr= 0 orzZ,+Z, = 0. For an existing current
signal at the input of the active deviggshould not equal to zero, and therefore:

Zin + Zr == 0 (2)

Z, = —Zi, 3)
Or,
X-,- - _Xin (41)
R.,- == _Rin (42)

So, at the oscillation frequency, the reactancehefresonator should equal the
input reactance of the active device in magnitudiewith opposite sign. Similarly, the
resistances of the resonator and the active deweequal in magnitude and differ in
sign. But since the resonator is a passive cirttigh its resistance is positive in all
conditions and therefore the active device shouesgnt a negative resistance at the
oscillation frequency.

The input resistance and reactance of the active@@re not solely functions of
the frequency but vary also with the power levelhat input port of the active device.
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So, the large signal magnitude R is different from its small signal value due te th
inherent nonlinearities in the active device. Tieisistance usually decreases with power
level in most practical RF devices as shown in Bigln this sketch, the value of the
small signal input resistance equals-R, while Py, represents the available power at
the input port, anéy, is the threshold input power at which the inpugéasignal device
resistance deviates from its small signal value.
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Figure 2. Typical Variation of the Negative Input Resistance with Power Level

So, the necessary condition for oscillation is @keR; less than the magnitude of
the small signal input resistance:

R, <|R,| (5)

The resonator resistan€® is usually taken equal to JB as a practical rule of
thumb [1].

2. Literature Review

The foundations of negative resistance microwavalawrs were established by
Kurokawa’s work through developing the steady statallation condition of the circuit
[2]. Further attempts involved the design of RFilteors based on the large signal S-
parameters to maximize the output power and effeye3-5]. Analytic derivation of
the large signal S-parameters in terms of the ik output device terminal voltage
amplitudes was carried out [6]. These equationdareulated systematically as a root
finder computer algorithm to determine the cir@lgments for maximum oscillator’s
output power.

A technique for the evaluation of different osdiiacircuit topologies for optimized
output power was carried out depending on the nmeasnts of an optimized power
amplifier [7]. This technique takes benefits frorhetease of power amplifier
measurements when compared with oscillator's measemt. A simplified quasi-linear
design technique for gallium-arsenide metal sendootor field effect transistor (GaAs
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MESFET) oscillators was also developed [8]. In typgroach the generated oscillator’'s
power is derived in terms of the gate and drain vRFEages. The oscillator circuit
elements are derived to maximize the generated pomger the limiting conditions of
the terminal voltage amplitudes.

Another analytical approach to the design of miaeev oscillators with output
power prediction was documented [9]. This desigthoe is mainly concerned with the
calculation of the oscillator's network elementsngssmall-signal RF device two-port
parameters as the starting point. The oscillattpuwiypower is estimated with the aid of
the DC bias voltage and current. A linearized desigethod that maximizes the added
power in a two-port oscillator was verified [10h this technique, different network
topologies are analyzed for the sake of optimizatbut power with the RF device
modeled through its small-signal parameters.

Andrei Grebennikov proved analytically that maximumatput power of the
oscillator can be obtained by maximizing the magiet of the negative real part of the
output impedance for the RF device, and derivedresgions for determining the
optimum circuit elements based on this assumptidj. [This technique was applied
both to bipolar junction transistor (BJT) [12] afidld effect transistor (FET) [13]
oscillator circuits. In a recent study, it has beown that increasing the magnitude of
the negative output resistance of the RF device do¢ always lead to greater output
power [14].

3. Extension of the Region of Instability in RF Oscillators

In negative resistance oscillators, the circuit caaillate if the real part of the input
or output impedance of the active device is negafihis can happen if the device is
potentially unstable at the desired oscillatiomérency and power level. The stability of
the active device can be tested by evaluating thbily factor, 4, at the desired
frequency [15]:

I el
|511 - AS;Z' + |512521|

M (6)

whereS; are the S-parameters of the RF transistorfan1.$-$1.5: .

When u is less than unity, the device is said to be pahy unstable and
oscillation is possible. Otherwise, the devicensanditionally stable and oscillation is
not permissible without some sort of positive femddb If the RF transistor is
potentially unstable at the desired frequency,adilty circle can be sketched on the
Smith chart using an appropriate RF circuit simalab select an appropriate load
reflection coefficien’, on the unstable region to malfélzn" greater than 1 (dR, less

than zero), which is a necessity for oscillation.

The oscillation susceptibility of the RF transistan be increased by connecting it
in common base configuration. Furthermore, theainity region of the common base
configuration can further be extended by addingitemichl series or parallel feedback
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elements. In Fig. 3(a), an inductor is insertethm base terminal to constitute a series
feedback network [16]. Additional capacitor is addes shown in Fig. 3(b) to control
the emitter-base nonlinear internal capacitandghetransistor [1]. In Fig. 3(c) parallel
feedback is formed by a voltage divider capacitanetvork [16]. The elements of
these configurations can be calculated either &inally using a simplified equivalent
circuit model for the RF device, or can be optirdizsing a microwave CAD simulator.
To select a certain configuration, the load stgbitircle of the RF transistor is first
sketched on the Smith chart to view the unstalgenrefor all possible load reflection
coefficient values. If the stability circle doestrmmver a considerable part of the Smith
chart, then one of the configurations presentdéign 3 should be selected to extend the
unstable region.
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Figure 3. Three Common Base Configurations for Increasing the Negative Input Resistance
of the RF Transistor

4. Estimation of the Optimum L oad | mpedance

In this section, the equations for estimating theinoum load resistance and
reactance of the oscillator are derived analytcall terms of the transistor Z-
parameters. Optimum load impedance can be selectadximize the magnitude of the
negative input resistance of the oscillator [11lig. ™ presents a simplified block
diagram of the negative resistance oscillator [THe task is to determirq=RL+jXL

required to makel"]n| or le maximum. This can be done by finding an equaftboril“ml
or Rmand partial differentiating it with respect 1§ and X respectively after



Journal of Engineering and Development Vol. 20, No. 02, March 2016 www.jead.org (ISSN 1813-7822)

characterizing the active device with its Y or Zgraeters at the required frequency.
The active device can also be described with itallseignal hybridz high frequency
model, and the input impedance looking into thettmis derived in terms of the RF
transistor internal physical parameters.

| r rin
o - . . Output
Active Device .
Resonator with Feedback Matching 50 2
- - |- Network
Z; Zin Zout Z

Figure 4. Block Diagram of the Negative Resistance RF Oscillator

From two-port network theory, if the device is désed in terms of its Z-parameters
then the input impedance can be expressed as:

VAV VA
Zn=Zn-7 7 (7)
Or,
R ®)
Lo+ 7}
where:
Dy=1Z11.293 —Z13.29 €))

Equation (8) can be re-written as:

_ (Rix +jX11) (R, +jX1) + (Ri1 + jX11) (R + jX22) — (Riz + jX12) (Ra1 + jX21)

7.
i Ry, + jXo + Ry +jX;

(10)

where&;;=R;+X;; are the Z-parameters of the RF transistor at #s&redd frequency, and
Z, =R +jX| is the load impedance.
Equation (10) should be re-arranged to split tla #ed imaginary parts where:

Rin = RelZ;,] (11.1)

Xin = Im[Z;;] (11.2)
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Equation (11.1) can be partially differentiatedhmiespect tR andXL respectively to
get the optimum load impedance for maximum negatgestance at the input port:

F):
=0 12.1

3R, (12.1)

OR;,

3%, =" (12.2)

In order to differentiate equation (11.1) with resptoR,, it can be re-written in the
form:

Rin = D, (13)
The denominator of equation (13) is given by:

D; = (Ry; + RL)Z + (X2 + XL)Z (14)
and the numerator is arranged as:

Nl =2 R11R22RL + RllRL2 + X12X21RL - R12R21RL + Al (15)

whered; is given by:
A1 = Ry1Ryp” — RipRa1Ras + 2Ry1 Xpp Xy + RusXa2” + R11 X, — RipX21X2
- R12X21XL - R21X12X22 - R21X12XL + R22X12X21 (16)
Applying equation (12.1) and rearranging gives:

—0(2 + azz - 4“1“3

L(opt) 2a1
where:
@1 = 2R11Ry; + 2R13Ry1 — 2X13X51 + A3 (18)
@y = 2R13Ry1Ry3 — 4R11R25” — 2R55X15X01 + 2R11 A5 + 2Ry5A5 — 24,4 (19)
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0{3 == A2A3 - 2R22A1 (20)
Az = Rzzz + Xzzz + ZXZZXL + XLZ (21)
A3 = 2R11R22 - R12R21 + X12X21 (22)

Equation (17) is derived in terms of the transigtgarameters and the load reactance
XL.

Similarly, in order to differentiate equation (1)Lvtith respect toX,, it can be re-written
in the form:

N,
Rin = D_z (23)
The denominator of equation (23) is given by:
D, = (Ryz + R + (Xp2 + X1)? (24)
and the numerator is arranged as:
N; = 2 Ri1X25X; + Ri1X,? — R1;Xp1 X, — RpaX12X, + By (25)

wherdB, is given by:

Bl = 2RllRZZRL + RllRZZ2 + RllRL2 - R12R21R22 - R12R21RL - R12X21X22
- R21X12X22 + R22X12X21 + RLX12X21 (26)

Applying equation (12.2) and rearranging leads to:

—B2 + ,’ﬁzz — 4B
(27)

XL(opt) = 2B,

where:
B1 = 2R13X31 — 2R11X3; — 2R31 X1, + B3 (28)
B2 = 2Ry1B; — 4Ry1X55° + 2R13X21 X5 + 2Ry1X12X25 + 2X5,B3 — 2By (29)
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Bs = ByBs — 2B, X5, (30)
Bz = Rzzz + 2R22RL + RLZ + Xzzz (31)

B3 = 2Rll)(ZZ - R12X21 - R21X12 (32)

Since Ry, is a function of signal level as depicted in F&j.the optimum load
resistanceR opy and optimum load reactanegpy may also vary with power level.
R (opt) @aNd X, (opty Can also be found from large signal simulatiorthe circuit at the
desired oscillator's power level and frequency gsthe non-linear model of the
transistor to generate a family of curves Ry, ll“in|, power gain, and output power as

functions of bothR_ and X.. A compromise is to be done for important osailtat
performance characteristics such as high outputepowow harmonic distortion,
minimal stability factor, and high resonator’s qtyafactor when selectingr. and X_
from the generated curves.

5. Design Strategy
The design strategy of the RF/microwave oscillator be summarized through the
following steps:

1. Select a suitable RF transistor to oscillate atdésired frequency. The maximum
frequency of oscillationfmax for the transistor should be greater than theretés
oscillation frequency. The maximum frequency of ikston represents the
frequency at which the maximum power gain of ttengistor drops to 0 dB.Low
cost BJTs are usually used for frequencies belo@&Hk. However, above 1 GHz
gallium-arsenide metal semiconductor field effeensistors (GaAs MESFETS) or
silicon-germanium hetero-junction bipolar transistgSiGe HBTSs) give superior
performance characteristics [18].

2. Perform DC simulation to sketch the input and otutplaracteristics of the RF
transistor in order to select a suitable Q-poirge the non-linear SPICE model of the
RF device in the simulation process. Determine ttlaasistor configuration and
design the bias network.

3. Perform large-signal S-parameter simulation byitigadhe transistor S-parameter
variation with input signal power level at the dedi frequency. This simulation
process is useful in viewing the threshold poweelet which the large signal S-
parameters deviate from their small signal couratsp

4. Test the stability factor of the amplifier (Equati6), and sketch the output stability
circle at the desired frequency. If the circuistable, or the instability region is to be
extended, series or parallel feedback elementbeanserted for such a task.

5. Simulate the circuit using large-signal S-parametechnique at the desired
frequency and a specified power level in the inpart with R. andX,_ as sweeping
variables. DisplayRy, ll"in|, power gain, and output power agaiRstwith X, as a
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parameter. From the generated curves, select amwptvalue ofR_ and X, for a
better compromise between the performance parasnetethe circuit. A initial
estimation ofR_opr) and X, opyy Can be evaluated from equations (17) and (27)doase
on the small-signal Z-parameters of the RF device.

6. Design an output matching network to transform30€2 system impedance into the
optimum load impedance at the transistor outputeguicted in Fig. 4.

7. Simulate the circuit using the harmonic balance lange-signal S-parameter
technique to display the variation of device inpapedance with input power level.
Determine the input impedancg(andX,) for the required output power level and
linearity. The resonator impedangeis found from equation (3).

8. Synthesize the resonator network to pregerdt the oscillator’'s input and simulate
the oscillator circuit to test its performance @weristics.

6. Design of a 900 MHz Oscillator Circuit

In order to test the effect of the load impedancehe large signal behavior of the
RF oscillator, an oscillator circuit is to be desd and implemented at the 900 MHz
mobile communication band (GSM-900). The desigrectbje is to achieve an output
power level of about +10 dBm at an oscillation treqcy of 900 MHz. Throughout the
simulation process of the circuit, some concludiemarks are extracted concerning the
evaluation of the optimum load impedance.

6.1. RF Transistor Selection and Bias Circuit Design

The low cost BJT RF transistor BFR91 has been teslefor this design. This
transistor has a unity gain-bandwidth frequerigyof 5 GHz, typical power gain of 10
dB at 1 GHz, and a minimum noise figure of 2.5 dB &Hz. The transistor is to be
connected in common base configuration with a p@ast ofIc= 10 mA, andVce= 5 V.
The selected Q-point represents a compromise betle@enoise figure and high gain
characteristic. The microwave computer progrativanced Design Systg@DS 2009)
has been utilized in the simulation process fas tscillator. The SPICEGummel-Poon
large-signal model of the BFR91 transistor is dedifirom the RF transistor library of
ADS. For an emitter current of 10 mA, the measuraske-emitter voltage is 0.78 V, and
the measured DC current gain of the transi$tgf, is 70.
Fig. 5 presents a common base (CB) voltage-dividas circuit. This bias circuit is
designed to hold the Q-point of the transistor mgfavariations in device internal
parameters, and is isolated from the RF circuittwia RF chokes, RFC1 and RFC2,
while Cy, is a bypass capacitor for resist®sandR..

10
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Q1
BFR91
RFC1 ﬂﬁz';czH
0.22 uH << H

R4
+VCC

Re . 2.7 kQ 6V
b § Rz

100 Q
470 pF 1.2kQ

Figure 5. The Bias Circuit for the Common Base Oscillator

6.2. Test of Device | nstability

A small signal S-parameter test for the active dewian be carried out to view the
load stability circle at the desired oscillatioeduency. This is helpful to check if the
active device requires additional feedback to presegative resistance at the input.
Fig. 6 presents the load stability circle sketchedhe Smith chart, which encircles the
center point of the chart. All values @f (or I') inside the load stability circle give
negative resistance at the input port which is s&mg to bring the circuit into
oscillation. It is clear also from this sketch thia¢ stability circle covers a large part of
the upper half of the Smith chart which means Hashould be taken as inductive
reactance to sustain oscillation. The stabilitytdagt equals to -0.207, and the input
resistancd&;, = - 0.782Q for Z, = 50Q.

/

NS

Figure 6. Load Stability Circle on the Smith Chart.

6.3. Large Signal S-parameter Simulation

Large signal S-parameter evaluation can give aitation about the input power
level at which these parameters deviate from thiall signal values. This is useful in
determining the required power level of the inpaottmt the oscillation point. Fig. 7

11
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presents the simulation test setup for large si§-parameters. In this simulation, t
input signal power is swept fro-20 dBm up to +10 dBm at a frequency of 900 v

Ce1 Q. Cc2
470 pF BFRO1 470 pF
5
SUZEQ RFCA 0.22 pH 0.22 yH O RFC2
Ri g 55"0

AN——— Ve

Pin Re 2.7 k0 6V

-20 dBm to 100 O

Cp i g Rz
+10 dBm 470 pF—A|7 1.2k0

Figure 7. Simulation Test-Setup for the Large Signal S-parameters

Fig. 8 shows the variation of the magnitude of the fedMaansmission paramet
S with signal power level, while Fi 9 presents the magnitude S;;versus input
power. It is noticed that the large signi-parameters changsdter an input signal lev:
of -5 dBm approximatg. It is also clear from Fit 9 that the 1dB gain compressio
point for $;; occurs wherP;, = 0 dBm, while the magnitude &f; falls below 1 aP;, =
-3 dBm. This means that the circuit might be brouwgut of oscillation for large sign:
levels whenZ, = 50Q. To overcome this problerZ, should be selected to maximi
the magnitude of the input reflection coefficieot, to make the magnitude of t
negative input resistance quite la

521, dB
Il

1S11]
r

L Lt L L Ly B L o o o o B B L A
-20 -15 -10 -5 0 5 10 -2 -18 -10 -5 a 5 10

Pin, dBm Pin, dBm

Figure 8. Variation of S,;with Input Power Figure 9. Variation of |S;;| with Input Power

6.4. Computer Evaluation of the Optimum Load I mpedance
Fig. 10 illustrates a lar¢-signal simulation setup to view the effechLon R. The

RF transistor is characterized with its nonline@CE model, and the large sigi
scatteringparameters are evaluated for a certain power (-3 dBm) at the input por
At this power level, the device large signal partereefall below their snll signal
values.

12
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Cel Q Cc2
470 pF BFF€19 1 470 pF
[ | [l
[ X__Z I
Z
Sﬂgﬂ RFC1 0.22 pH 0.22 yH *) RFC2

Z = Ry+jX
Ry L AL

Pin Re Ay +:3c

-3 dBm 100 O 2.7 kO
= Cb‘ m— § Rz
f=900 MHz 470 o 120 |

Figure 10. Simulation Setup for Evaluating the Optimum Load Impedance

Fig. 11 presents the variation of the input resistawith RLfor three values oK.

when the available power at the input is -3dBtnis seen from this sketch that the
optimum value oiRLfor maximum negative resistance differs in the ¢hcases oXL.

For example WheD(L: 150Q, the optimum value dRLis about 80?2, and becomes 120
Q whenX = 100Q, and reaches to 130 whenX = 50 Q. This means thaFRL is a

L L (opt)
function ofXLin addition to the large signal device parameters.

¥=a0 O

J ¥,=100 0

Rin, abhm
il

| I
20 40 &1 a0 100 120 140 180 180 200

Figure 11. Variation of R;, against R, with X, as a Parameter

Table 1 presents a comparison between the simulgdchum load resistance
values forPj, = -3 dBm and the calculated values obtained frguagon (17). The
calculated values are based on the small-signarZrpeters of the RF transistor at the
desired oscillation frequency (900 MHz), where&;;=5.27+j22.866 Q,

13



Journal of Engineering and Development Vol. 20, No. 02, March 2016 www.jead.org (ISSN 1813-7822)

Z1,=1.881+j12.491 Q, Z,;=-43.096-j264.651Q, and Z,,=5.279-j269.046Q. The
difference in values is referred to the effect e¥idtion in the large signal Z-parameters
for the simulated circuit.

Table 1. Calculated versus Simulated Optimum Load Resistance for Different Values of Load

Reactance
Calculated Simulated
XL 150Q 100Q 50Q 150Q 100Q 50Q
R (opt) 80.5Q 116.5Q 152.6Q 80Q 120Q 150Q

Fig. 12 shows the variation of the magnitude ofitipt reflection coefficient with
R.Its value reaches about 1.55 théLn: 80Q, andXL = 150Q. Fig. 13 presents the

variation of the input reactance wlﬂawhich is inductive for most values B[

16 20

15 X, =500

1S11)
Xin, ohm

5 \ X,=100 O

X =150 O

L L N L L UL R I S A S S e
20 40 60 80 100 120 140 160 180 200 20 40 0 30 100 120 140 160 180 200

RL, ohm RL, ohm

Figure 12. Variation of I;, with R, Figure 13. Variation of Input Reactance with R,

Fig. 14 presents the variation of output power dBm) with R, while Fig. 15
displays the large signal power gain agaIRLst Maximum output power is obtained

whenR_ = 90Q for X,= 150Q. R (opy) becomes 14@ for X, = 100Q, and reaches to
180 Q whenX_ = 50 Q. It is noticed from Fig. 11 and Fig.14 that thdimmum load
resistances for maximurR,|| and maximun®P,, are slightly different. This means that
the optimum load resistané® 1) takes different values for optimum load power and
maximum negative resistance conditions respectively

14
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X.=150 0

Pout, dBm
S21,dB

T \ \ I
20 40 6O 80 100 120 140 160 180 200 0 40 50 80 100 12'0 140 15'0 15'0 200

RL, ohm RL, ohm
Figure 14. Simulated Output Power versus R, for Figure 15. Simulated Power Gain versus R, for

Different Values of X, Different Values of X;

On the other hand, another family of curves cagdieerated when varying as a
sweeping variable for different valuesRf. Fig. 16 presents the variation of the input
resistance With(Lfor three values oPl. It is seen from this sketch that the optimum

value of XLfor maximum negative resistance differs in the e¢hcases oiRL. For
example whetRL: 80 Q, the optimum value oXLis about 232Q. It becomes 236&)

when RL: 100Q, and reaches to 238 WhenRL = 120Q. This means tha)t(L is a
(opt)

function ofRLin addition to the large signal device parameters.

Fig. 17 presents the variation of the simulategpoupower withX_ for different
values ofR.. In this case, the maximum output power is acldevkenX, = 200Q, and
R. = 80Q. It is noted from the sketches of Fig. 16 and Eigthat the optimum values
of X_ for maximum negative input resistance and maximunput power do not
coincide. There is a slight difference in theirued for the two cases.

0
51
E -
6 ]
- 10__ RL =120 ohm
c .
o N
15
203 /‘
; Ry = 80 ohm R =100 ohm
_25 IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
0 &0 100 150 200 250 300 350 400

XL, Ohm

Figure 16. Variation of R;, against X, for Three Values of R,

15
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— RL =80 ohm R =100 ohm
14
12 T
£ i
m Ry =120 ohm
=10
5
a i
0
g
65—
4 IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
0 50 100 150 200 250 300 350 400

XL, Ohm

Figure 17. Simulated Output Power versus X, for Different Values of R;

Thus, the optimum load impedance of the oscillatan be selected as a
compromise for the required output power, negatpet resistance, resonator’s quality
factor, and harmonic distortion. The value Qfpy for maximum negative input
resistance does not necessarily coincide with alsesfor maximum output power as
indicated from the previous simulations. This ifeneed to the nonlinear behavior of the
RF device under large signal conditions. From theva family of curvesZ oy is
selected to be 80 + j180. At this point, the maximum attainable output povseabout
+12 dBm and the large signal input impedariges approximately -11+j102.

An output matching network is designed to transfoinen standard 5@ load into
the optimum impedancé_op at the oscillation frequency. Fig. 18 presentsmology
for the output matching network consisting of aesetransmission line and a parallel
shorted stub. This circuit is designed using thaplical Smith chart tool of the
Advanced Design Systg€iDS) microwave computer-aided design (CAD) program

8,= 55.43°
Z.1=500

§ 500
Z, = 804j150 Q

Figure 18. Oscillator’s Designed Output Matching Network
6.5. Determination of the I nput I mpedance

To determine the large signal input impedance dhdr@redictable characteristics
of the oscillator at the desired oscillation poetsimulation test setup is carried out to
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sweep the available power at the input port whieaving the oscillator performance

characteristics. Fig. 19 shows this simulation getin this schematic, the output
matching network is inserted at the output to pretiee optimum load impedance to the
oscillator output port at 900 MHz. The availablpubpower is swept from -20 dBm to

+10 dBm.

41(3:;:1 F Q Cc2  g,=55430
P BFR91 470pF 7 =500
|| [ —
| .l_ _Z [ —
Z.
50 0 REC1 0.22 pH 0.22 |.|H RFC2
R, 8= 22.44° g 50 Q
Zo2=500
Pin R AN *
100 Q L 27 kQ +Vee
-20 dBm to +10 dBm Ch § Ry 6V
=900 MHz 470 pFI 1.2 kQ

Figure 19. Circuit Schematic for Input Power Sweep

Fig. 20 shows the variation of the input resistaRgeavith input power level, while
Fig. 21 presents the change of the input reactXpoeith power. It is noticed that the
characteristic in Fig. 20 is similar to the curveFag. 2. The input resistandg, is
negative and equals to -IBat low power levels, but its magnitude decreasés te
increase of the input power level reaching @ henP;, = +3.5 dBm approximately.
So, at relatively high power levels in the inputtpthe circuit may fail to oscillate. For
an input power level of -3 dBm, the input impedant¢he RF devic&i, = -11+j10Q
as shown in Fig. 20 and Fig. 21. At this power letlee input reflection coefficient is
about 1.5 as depicted in Fig. 22, while the oufawer is about 11.9 dBm as illustrated
in Fig. 23. At this point the output power is ralaty high but not deeply saturated.

Rin, Ohm
Xin, ohm
o=
|

LI I L I I L L L L O B -i,,,,|‘||‘|||||||\||‘||\|‘\||\

-20 -18 -10 5 0 ] 10 20 5 -10 5 0 5 10
Pin, dBm Pin, dBm

Figure 20. Variation of Negative Input Resistance Figure 21. Variation of Oscillator’s Input Reactance
with Power Level with Power Level
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Figure 22: Variation of the Input Reflection Figure 23: Output Power versus Input Power
Coefficient with Power Level

6.6. Design of the Resonator Network

Based on the selected working point for the odoaitlaircuit, the resonator network
of the oscillator is to be designed in order tospré an impedance @& = 11-j10Q
according to equation (3). If the input port isnt@rated with a 5@ standard
resistance, then a transforming network can begdedito match the 5Q-resistance
with Z;. Fig. 24 shows a-section topology for the resonator consisting afegies
transmission line and two parallel capacitors. Tdiisuit has been designed using the
Smith chart tool of ADS. The two capacitors areassary to tune the frequency of the
practical oscillator circuit.

8 = 32°
Z,=500
1
L
— G Ci —— gsun
z,=11410Q 8 pF 3.3 pF
o

Figure 24.The Designed Resonator Network

6.7. Oscillator Performance Evaluation and Testing

Up to this stage, the oscillator circuit has beesighed to oscillate at 900 MHz
with a load power of more than 11 dBm. This ciraweeds computer simulation with
the ADS harmonic balance simulator to view its perfance characteristics. Fig. 25
presents the schematic diagram of the designedlabscicircuit with the transmission
line sections implemented using Microstrip-line neémts. The selected Microstrip
substrate is the epoxy-glass (FR-4) which hasadivel dielectric constant of 4.5 and a
thicknessh = 1.6 mm. The tangent loss of this substrate aiaB.01, while the copper
conductor thickness is 0.05 mm. The Microstrip lieegths and widths were tuned for
practical purposes.
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Figure 25. Circuit Schematic of the Designed RF Oscillator

The output signal of the circuit is displayed ig.F26 while its spectrum is shown
in Fig. 27. The obtained frequency of the outpgnhal is 901.6 MHz, and the power
level of the fundamental component is 11.3 dBm.sAswn from Fig. 27, the second
harmonic distortion level is about 20 dBc below finedamental signal component.

] ] A
104 0
0. B ; A
] £ 20 A
> g
5 0.0+ o -
o = 3
= 1 £ 40
0. _: 4
E 50—
10—_
,1_E:| T T T T T T T T T T T 78u“|\|\\II\\\IIII\Il\IIIlI\IIlI\IIlII\I
0.0 u.‘z u.‘: u!e uls 1'0 1'2 1': 1.'5 1.'3 2.'0 2!2 24 1 2 4 5 6 7
time, ns Harmonic Index
Figure 26. Simulated Output Voltage Waveform of Figure 27. Simulated Power Spectrum of the
the Oscillator Output Signal

The fundamental output power is calculated from:

Pour = 0.5 Re[Vol- ;1] (33)

WhereV; is the amplitude of the fundamental componenhefdutput voltage, and
lo1 is the amplitude of the fundamental output curémwing into the 50 ohm load
resistor and is evaluated by means of a curreitepptaced at the output.

The input impedance of the oscillator is calculdtedn:

Zin =7 (34)
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Where Vi, is the amplitude of the fundamental componenthaf voltage at the
emitter of the transistor, ang is the amplitude of the fundamental componenthef t
current entering the active device, and is evatlatie means of a current probe at the
device input.

The input resistance and reactance of the activieelare evaluated from equations
(11.1) and (11.2) respectively. The evaluated vadfighe input impedance using
computer simulation for the oscillator circuit &, = -10.47+j10.43Q, while the
evaluated value of the magnitude of the input otitbe coefficientTiy| is found to be
1.501.

An experimental model for the circuit was implensghbn a printed 8 cm x 6 cm
FR4 board. Fig. 28 shows the PCB layout of thetpdrboard, while Fig. 29 presents a
picture for the assembled circuit. The upper groohtthe board was connected with the
lower ground through VIA holes to reduce the RFugid currents. Capacitofs; and
C, were implemented by using high quality ceramiminier capacitors to adjust the
frequency of oscillation for the circuit. The sheattstub at the output matching network
was connected to ground through a 470 pF bypasecitap The output signal is taken
from an SMA connector soldered between the outpuhe circuit and the ground
plane.

The circuit was thereafter tested with the aid afoaxmercial spectrum analyzer
(PSA-3000 of ED Co., Ltd.) as depicted in Fig. Bly. 31 shows the fundamental
signal component of the generated waveform. Thetiped attainable frequency is
896.75 MHz with a fundamental power level of 6. Fig. 32 presents the second
harmonic component compared with the fundamengalasi As depicted from this plot,
the second harmonic level is about 22 dBc belowiuhdamental signal component. As
shown from Fig. 31 and Fig. 32, the signal purgyacceptable and there is no spurious
frequency components generated by the circuit.

Figure 28. Layout of the Printed Circuit Board Figure 29. The Constructed Oscillator Circuit

7. Conclusions

A design technique of negative-resistance RF @doit based on the effect of the
optimum load impedance has been proposed and emdirExplicit-form equations for
estimating the optimum load impedance of the coifl circuit have been derived in
terms of the terminal Z-parameters of the RF tstosi Generally, the convenience of
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this approach is that the results for small-sigmallysis can be taken as initial guess for
large-signal computer optimization.

3 M Mirl 1.7
Atten 50 dB dEm ) Atten 50 dB -

;
|

arker
1,.793000000 GHz

896,750000 MHz
6.15dBm |

= "'\,J""“-'.-“"‘.\-\"h‘mln'l"'-.}ﬁ",h‘&",‘;-"-.1 l'.\\J,-'-‘l.."--.,'. T

Stop 950.0 MH t Z Stop :
#VBW 10 kHz Sweep 1 #VBW 10 kHz Sweep 11

Figure 31. Spectrum of the Fundamental Figure 32. Measured Second Harmonic Level
Component of the Generated Signal

It has been shown that the performance charadtsrist the oscillator circuit can
be predicted if the optimum load impedance is setkat the desired power level and
input negative resistance with the active devic# mepresented through its large signal
model. It has been verified also that both thenopitn load resistance and optimum load
reactance are dependent on each other. Familiesaés have been generated through
computer simulation with eithéR_ or X_ as the sweeping variable to select the load
resistance and reactance for the required largealsigegative input resistance and
output power level. It has been shown also thabofitenum impedance for maximum
negative resistance does no coincide with its vatmemaximum output power. This
difference may be referred to the variation of dlegice internal parameters under large
signal nonlinear conditions, and may probably Wéedint for different types of RF
devices.

21



Journal of Engineering and Development Vol. 20, No. 02, March 2016 www.jead.org (ISSN 1813-7822)

A 900 MHz RF oscillator circuit has been designed aimulated based on the
proposed design strategy. The simulated circugretf a fundamental output power
level of more than +11 dBm at an oscillation fregue of 901.6 MHz with a second
harmonic level of about 20 dBc below the fundamlesignal. The circuit was then
implemented experimentally and produced a pureiffabwith a frequency of 896.75
MHz and output power level of +6.15 dBm, with a@®&t harmonic distortion of about
22 dBc below the fundamental signal component.
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