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ABSTRACT: In this paper, a novel microwave oscillator is developed at frequencies of 5.7 and 7.5GHz through the application of Negative
Resistance and Harmonic Balance theory. The design process involves leveraging the Agilent Advance Design System (ADS) tool,
ensuring exceptional electromagnetic (EM) performance. The utilization of microstrip circuit elements enhances the overall performance
of the oscillator structure. Following optimization and co-simulation of nonlinear models for the compact Planar Microwave Oscillator
(62 × 38mm2), highly satisfactory results are obtained. Quantitatively, the measured output powers at 5.7 and 7.5GHz are determined
to be 9.5 dBm and 7.05 dBm, respectively. These power levels are particularly relevant for C band applications spanning 4 to 8GHz,
including areas such as satellite communication, radar, and wireless networks.

1. INTRODUCTION

An oscillator is an autonomous circuit capable of sustain-
ing a steady-state oscillation at a frequency different from

those delivered by input generators or their harmonic frequen-
cies. The most obvious example is free-running oscillator,
which generates a periodic solution from the energy delivered
by direct-current (DC) sources only. There is no external exci-
tation [1–4].
Oscillators are commonly found in computers, wireless

receivers and transmitters, audio-frequency equipment, and
music synthesizers. They serve as the signal source for all
microwave systems, encompassing both transmitters and
receivers. These components are integral to various electronic
systems, such as Global System for Mobile Communication
(GSM), radio communication, spatial communication, radar,
electronic warfare, and instrumentation, due to their ability
to create electrical signals in different frequency ranges.
Moreover, the quality of any system directly depends on the
performance of the oscillator [5]. Consequently, the study
of stability and phase noise analysis constitutes a compre-
hensive set of tools for efficiently and accurately predicting
autonomous circuit behavior [1, 6, 7]. The harmonic balance
method is a technique employed for the numerical solution
of nonlinear analog circuits operating in a periodic, quasi-
periodic, and steady-state regime. This method proves useful
in deriving the continuous wave response of numerous nonlin-
ear microwave components, including amplifiers, mixers, and
oscillators [8–12].
A microwave oscillator typically comprises four separate

blocks: a resonator for selecting the oscillation frequency, a
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transistor (an active device) operating at the desired frequency,
and polarization and instability blocks. The block diagram of
the microwave oscillator, illustrating its various components, is
presented in Figure 1 [13].

FIGURE 1. Different blocks constituting an oscillator.

In the subsequent sections, we will delve into the study of
a new dual-band negative resistance oscillator design aimed at
reducing phase noise, enhancing frequency stability, achieving
high efficiency, and generating significant output power.
To accomplish this, we will analyze each block constituting

it in depth to optimize the various performances of the entire
circuit. Initially, we will begin by scrutinizing the bias net-
work of the oscillator. The subsequent step involves studying
the resonator, which is based on two band-pass filters resonat-
ing respectively at 5.7 and 7.5GHz, while also detailing the in-
stability aspects of the circuit. Our approach commences with
electric simulation to determine the initial values of the stud-
ied circuit, followed by electromagnetic simulation for the PCB
circuit to account for coupling effect. The final step involves
co-simulation to integrate both passive and active components.
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FIGURE 2. Equivalent circuit of the proposed negative resistance oscillator.

The active device employed is an MG4918D HEMT transis-
tor, whose model is available in the advanced design system
(ADS) simulator. This transistor is applicable to a frequency
range from 1 to 18GHz. Furthermore, the substrate utilized is
FR4, with the following characteristics: a length (h) of 1.6mm,
a thickness (T ) of 35µm, a loss tangent (tan δ) of 0.02, and a
relative permittivity (εr) of 4.6.

2. LINEAR ANALYSIS OF OSCILLATOR
Several methods can be employed to determine the fundamental
conditions for oscillation. In this section, we will elaborate on
the negative resistance method.
The input impedance of a system with negative resistance is

contingent upon both the amplitude and frequency of the sig-
nal [14].

Zin (A, jω) = RIN + jXIN

where A is the amplitude of current i(t).

Zin (A, jω) < 0

For oscillations to start, a condition must be satisfied:

RIN +RL < 0

Oscillations are the result of random noise (usually thermal
noise in resistors). This noise enters a cumulative process and
amplifies. Each time the current amplitude increases, the re-
sistance becomes less negative and, at some point, converges

towards zero. Then, at a nominal current value, a steady state
is established.
The equations describing the steady state areas are follows:

RIN +RL = 0 and XIN = X∗
L

For a general nonlinear active device, determining the condi-
tions for maximizing the power delivered to a load can be ad-
dressed in a quasi-linear approximation. This can be achieved
by employing the large-signal impedance or admittance two-
port parameters, which are functions of a single port volt-
age [15].
The equivalent circuit of the studied oscillator is shown in

Figure 2.

3. OSCILLATOR DESIGN PROCESS

3.1. Bias Network
The bias network comprises three ports [16]. The low-
frequency port is utilized to inject the polarization (DC signal
at P3); the high-frequency port is employed for injecting
the radiofrequency signal (RF signal at P1); and the third
port serves as an output where the radiofrequency plus direct
current (DC) signal is recovered at P2. Figure 3 illustrates the
bias network at both frequencies, 5.7 and 7.5GHz.
The EM simulation results of S parameters at both frequen-

cies are shown in Figure 4. We can observe that at 5.7 and
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(a) (b)

FIGURE 3. Proposed layout for bias circuits for applications: (a) Satellite communication and radar, and (b) wireless networks.

(a) (b)

FIGURE 4. Result of EM simulation of bias circuits centered at 5.8GHz and 7.5GHz.

7.5GHz, the inverse gain S12 is equal to 0 dB, meaning that the
signal is transmitted completely. Regarding the S11 parameter,
we observe that the adaptation in both cases is below −40 dB,
and the isolation S13 is approximately −65 dB, indicating sat-
isfactory isolation between the radio frequency (RF) and DC
sources.

3.2. Study of Stability
The S-parameter formulation was introduced by Rollet factor
K, which states that for absolute instability [17], two conditions
must apply:

K < 1 and B < 0

K and B are respectively the stability factor and measurement
stability:

K =
1− |S11|2 − |S22|2 + |S11S22 − S12S21|

2 |S12S21|

B = 1 + |S11|2 + |S22|2 + |∆|2

where
∆ = S22 · S11 − S12 · S21

In practice, K < 1 is widely accepted by the microwave com-
munity as the condition for absolute stability [17, 18]. The Rol-
let or stability factor K is employed only for simple two-port

circuit. As our circuit features 4 ports, the expression for K is
not applicable. Instead, the reflection coefficients Sii of the cir-
cuit are utilized to satisfy the Barkhausen condition, the prereq-
uisites for initiating oscillations. In this scenario, it is necessary
to have Sii > 0 dB. Figure 5 illustrates the conditions for initi-
ating oscillations at both frequencies (5.7 and 7.5GHz), demon-
strating that the oscillation criterion is met at both frequencies.
Specifically, at these frequencies, the parameters S11, S22, S33,
and S44 are all greater than 0.

FIGURE 5. Instability co-simulation result of the proposed oscillator.
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(a) (b)

FIGURE 6. Layout of the band pass filters proposed for C-band applications: (a) WLAN Communication; (b) Satellite Communication.

(a) (b)

FIGURE 7. Response of bandpass filters operating at: (a) WLAN communication; (b) Satellite communication.

3.3. Resonator

The resonator of our oscillator comprises two bandpass filters,
as depicted in Figure 6. One resonates at 5.7GHz, designed for
WLAN communication and radio telecommunication, while
the other filter resonates at 7.5GHz, intended for satellite com-
munication and radar. Both frequencies belong to the C band.
The primary function of these two resonators is to suppress the
harmonic spectrum.
Figure 7 displays the simulation results of the S11 and S12

parameters for the proposed resonators. It is evident from the
EM simulation that the S11 parameter is less than −30 dB, and
the S12 parameter tends toward 0 dB, indicating excellent adap-
tation and transmission in both cases. The circuits are primarily
designed to achieve the desired frequencies for the load.

4. RESULTS OF STUDIED NEGATIVE RESISTANCE
OSCILLATOR

In this section, we will examine the performance of the studied
oscillator in terms of output power and the level of phase noise
determined through co-simulation. It is important to note that
these noise sources are distributed in the active component and
have different origins depending on the type of transistors used
(MOSFET, MESFET, HBT, etc.) [19]. First, in Figure 8, we

present the final layout of the proposed oscillator, including all
its component parts with resistor values R1 and R2 set to 50Ω.
In Figure 9, we illustrate the typical output spectrum of

the oscillator at both frequencies. The oscillation frequen-
cies are 5.7GHz and 7.5GHz, which are employed for WLAN
Radar and Satellite Communication applications. The oscilla-
tor yields a simulated output power of 11.095 dBm at 5.7GHz
and 8.259 dBm at 7.5GHz.
The final circuit was manufactured by etching a metal layer

on the substrate and soldering an Agilent MGF4918D InGaAs
HEMT transistor along with lumped elements, as depicted in
Figure 10.
The output spectrum of our fabricated oscillator, measured

using a Rohde & Schwarz FSL spectrum analyzer, is depicted
in Figure 11. The oscillator demonstrates stable oscillations at
both frequencies of 5.7GHz and 7.5GHz, consistent with the
expected results from the simulation. The output power of the
fundamental oscillating signals at 5.6 and 7.5GHz is measured,
respectively, at the bias condition of VDS1 = VDS2 = 3.9V as
9.5 dBm and 7.05 dBm, considering cable losses of 6 dBm (the
cable length is 150 cm).
Figure 12 illustrates the phase noise levels of the examined

oscillator at P1 and P2 for frequencies of 100 kHz, 1MHz, and
10MHz. Table 1 provides a summary of the results depicted in
the aforementioned figure.
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FIGURE 8. Completed layout of the proposed dual-output oscillator.

FIGURE 9. Co-simulation result of the output power spectrum at
5.7GHz and 7.5GHz.

FIGURE 10. Image of the realized prototype of the dual-output oscillator
(62× 38mm2).

(a) (b)

FIGURE 11. Measurement result of the dual-output oscillator for VDSi = 3.9V.
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FIGURE 12. Level of phase noise at 100 kHz, 1MHz and 10MHz.

As shown in Table 1, we can summarize that the phase
noise was measured, and its values are −110.07 dBc/Hz,
−130.1 dBc/Hz, and −150 dBc/Hz at the offsets of 100 kHz,
1MHz, and 10MHz, respectively, at Port 1. Simultaneously,
at Port 2, the phase noise was measured, and its values are
−103.3 dBc/Hz, −123.3 dBc/Hz, and −144 dBc/Hz at the
offsets of 100 kHz, 1MHz, and 10MHz, respectively.

TABLE 1. Summary of noise phase values.

Phase Noise (dBc/Hz) @100 kHz @1MHz @10MHz
At P1 −110.7 −130.1 −150

At P2 −103.3 −123.3 -144

5. CONCLUSION
A dual-output negative resistance oscillator designed for
WLAN, Radar, and Satellite Communication applications is
developed in this paper. The EM studied circuit exhibits os-
cillations and provides simulated output power of 11.095 dBm
at 5.7GHz and 8.259 dBm at 7.5GHz. The measured output
power of the oscillator, operating at 5.6 and 7.5GHz, was
recorded as 9.5 dBm and 7.05 dBm, respectively. Additionally,
the oscillator demonstrates significantly low phase noise at
both ports, measuring −110.07 dBc/Hz, −130.1 dBc/Hz, and
−150 dBc/Hz at the offsets of 100 kHz, 1MHz, and 10MHz,
respectively, at Port 1. Meanwhile, at Port 2, the phase
noise was measured as −103.3 dBc/Hz, −123.3 dBc/Hz, and
−144 dBc/Hz at the offsets of 100 kHz, 1MHz, and 10MHz,
respectively.
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