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Abstract — A new kindof RF solid-stateoscillator design
is observed. The oscillator has two feedback loops, wblch
provide a safe working condition for !he power transistor at
high levels of RF output power. The oseitlator uses a high
power LDMOS transistor, which provides output power
greater than 65W and efficiency better than 65% at the
operating freqneney of 915 MHz, The osei)lator is designed
using microstrip tines and lumped components on Rogers
R0301tP substrate.

I. INTRODUCTION

Solid-state transistor oscillator circuits are described in
many articles and books [1] - [4]. Colpita, Hartley, and
Clapp are well known oscillator configurations that use
lumped components. These configurations are applicable
up to frequencies of 400 MHz. Many authors reeormnend
use of a small inductor or shorted low impedance line
between the transistor common lead and ‘ground’ and an
open circuited line on the transistor input for microwave
oscillators. All well-known oscillator schematics are very
good for low power solid-state RF and microwave
oscillator designs. However, these schematics are not as
effective for high power solid-state oscillators. Attempts
to create solid-state power oscillators with power
transistors using well-known schematics usually lead to
transistor failures caused by voltage spikes associated
with the feedback inductors during the start-up transition
time. Given thk reason, information about solid-state
power oscillator development with output powers greater
than 10W is not readily found in scientific publications or
product Iiteratare.

Conventional solid-state RF and microwave oscillators
produce relatively Iow output power ranging from a few
milliwatts to a few hundred milliwatts. A conventional
approach for getting higher RF output power uses a low
power oscillator followed by multiple RF power amplifier
stages. However, typical efficiency for this solution is no
more than 55% and the size of the circuitry at that point
becomes significant.

There are some applications for RF power sources
where high output power, high efficiency, and a small
footprint are very important. A RF powered electrodeless
light bulb is one example of an application that could
utilize a h&b power, bigb fi-equencyand high efficiency

compact power source. For example, certain eleetrodeless

lamps described in U.S. Patent No. 6,137237 beneficially
utilize an RF power source that operates between a

frequeney range of 700-915 MHz, and which provides
output power in excess of 60W, efficiency greater than
60Y0,and ffequency instability of no more than O.lYO.

II. OSCILLATORSCHEMATIC

An oscillator block level schematic diagram is shown in
Fig 1[5],
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Fig.1. PowerOscillatorBlockDiagram.

This oscillator design has two feedback loops. The
feedback paths are created by elements of the output
impedance matching circuit and the two impedance
transformation networks. Each path connects the drain
and gate of the transistor. The bias circuit provides the
transistor gate bias, while the tuning circuit provides the
ability to adjust the oscillator frequency.

The output impedance matching circuit provides
matching between a 50-Ohrn load impedance and the
transistor drain impedance. Elements of the output
impedance matching circuit and feedback impedance
transformation networks provide the conditions for
oscillation. These conditions are expressed by the two
following reIations. First voltage gain G~ro) and
feedback coefficient j3(o) must satis~

Gv(a))*~(ro)>1 (1)

and second the phase shifts in the dual feedback loops:

Ziq),= 2Z (2)
where xi QI is the total phase shift comprised of the time
delays inside the transistor, microstrip lines, and other
components forming the feedback loop.

The principal oscillator schematic is shown in Fig. 2
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Fig. 2. OscillatorSchematic

A Motorola MRF373S transistor was used in this
osciUator, The transmission lines TLO – TL2 provide
matching between the drain impedance of the transistor
and the 10-Ohm line, TL1O. Transmission lines TL 11 -
TL13 provide the transformation tkom 10-Ohm line
impedanee (TL1O) to the 50-Ohm output line impedance
of TL14.

Variable capacitors, Cl & C2 (0.5 -2.5 pF), connect the
opened ends of the stubs TLl & TL2 with the feedback
lines TL3 & TL4 respectively. These variable capacitors
provide an adjustable feedback phase shift to help satisfy
the oscillating condition in (2). Fixed capacitors C3 & C4
(both 20 PF), together with transmission lines TL5 - TL9
fidfills the feedback phase shitl requirement in (2).
Together these capacitors and transmission lines satis~
the amplitude oscillating condition in(1).

Lines TL8 and TL9 improves the gate match with the
feedback lines. The variable capacitor C5 (0.5 -2.5 pF)
provides an adjustment of the oscillating flequency of
about 50 MHz.

The two feedback loops provide an opportunity to
decrease the coupling between the drain and gate
networks. As a result, the RF voltage in the feedback
loops is decreased, which in turn helps prevent an over
volt condition leading to a breakdown on the gate due to
some load mismatch (see relation (8)).

HI. DESIGN FUNDAMENTALS

Choosing the right transistor is very important for
obtaining a high performance power oscillator. A
transistor should be selected with the following device
performance characteristics in mind 1) low saturation
voltage (VJ, 2) a Idgh level of common source Power
gab (GJ, 3) a high value of a forward transconductance
(gJ, and 4) a cutoff frequency (f~) several times higher
than the operating fkequency(f).

LDMOS transistors meet these criteria and were found
to be suitable for tlds oscillator design. Typical device
characteristics for LDMOS in a power amplifier mode
have a power gain (Gp) >1 ldB and drain efficiency q s
60 !40.

Recall that the MOS transistor cutoff frequency
equation is:

fT = $?./2&js > (3)

where C6 is gate - source capacitance of the transistor.
The amplitude and phase oscillating conditions in (1) and
(2) can be transformed for our circuit into the following
equations:

A. AmplitudeEquation

In equation (4), rcl = Cl%. Zfi is the impedance of
feedback line TL3 and Cl is the variable feedback
capacitor connected to TL3, ~t is the real part of the
transistor output impedance. G-t= CJ~~, where ~~ is the
impedance of the line TL5 and C3 is the fixed capacitor
connecting line TL3 to line TL5.

The amplitude equation can be expressed in microwave
terms:

S,22“Gp21 (5)

where S,2 is the feedback transfer scattering parameter.

B. Phase Equation
(6)

In equation (6) the first term is the phase delay in the
transistor, which can be calculated tlom

The second term is the sum of the phase delays in lines
TLO,TLl, TL3, & TL5, Other terms are the phase shifts
due to capacitors Cl, C3, and transistors gate to source
capacitance, C~S.
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C. Gate Protection Condition

The gate protection condition helps limit the maximum
level of the RF voltage on the transistor gate to prevent
breakdown. The RF voltage on the gate should be less
than maximum rating of the gate - source voltage YCS-
for any circumstance. An approximate condition can be
expressed as:

2(vm-v,.)J-%sm

(8)

Matching elements between the transistor drain and 50
Ohm output line ean be determined using a Smith Chart or
any circuit simulation soflware. Nominal feedback
component wdues and line characteristics were
determined using the combination of (3) - (8) and
Eaglewarem circuit simulation sofhvare.

IV. DESIGN RESULTS

The Motorola MRF373S LDMOS transistor was
selected for ita performance characteristics as defined in
Section III. The substrate was Rogers RO3O1O,with
~=10.2 and h= 0.025 in.. The oscillator layout with
stiace mounted components is shown on the Fig. 3

Fig.3. OscillatorLayoutwithComponents

The oscillator gate bias source, Vos,iscreated by dividing
the &ain source voltage, V~$S,throughresistor R4 (3.3
KOhm), Zener diode DI(8.2 V), and resistor divider
network comprised of R1 & R2 (both 4 kOhm).

25 ~ 50
16 18 20 22 24 2s 28

DRAtN-SOURCE WXTAGE (volts)

Fig.4. OscillatorOutputPowerandEfficiencyVs.
Drain-SourceVoItage.

Figure 4 shows that the ou@utpower increases linearly
with increasing drain - source voltage. A maximum
power of 65W was achieved at 26.5V on the drain.
Maximum efficiency was achieved for a drain-source
voltage of 24V. The eff~ciencyat maximum power (65W)
was 65% Oscillator ptiormanee measurements were
made under a matched load condition into a 50-ohm
dummy load.

The change in oseillatiug fiequeney for different values
of output power is shown in Fig. 5.

263036404s50rj5 S06570

OUTPUTPOWER(w)

Fig.5. OscillatingFrequencyVs.OutputPower.

Figure 5 shows the oscillating fkequeney is sensitive to
the change in drain - source voltage. By comparing
Figures 4 and 5 at the maximum output power, a change
of 1.5V in V~s changes the oscillation frequency by 100
kHz. This correlates to a fYequency/voltagesensitivity of
66kHz/V or 0.007% $W at the maximum output power.
This very small sensitivity can be explained by the
saturation of the drain-junction capacitance given the high
voltage on the drain.

The dissipated power in the transistor is 35W. Given
that the junction to case thermal resistance @s,c) is
0.75”CJW,the drain junction temperature is 26,2S”C over
the case. The tiln junction temperature is therefore
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significantly less than the maximum operating junction [4] J. L. Martin, F. J. Gonzales, “Accurate linear
tempe- (TJ) of 20()”C. oscillatoranalysisanddesign”,Microwave

The effect of temperature of the operation of the Journal,pp. 22-37, June 1996.
oscillator is most readily seen during start and run-up of [5] OsciIIatorcircuitry subjeet to worIdwide patents,
the oscillator. A&r turn on, the oscillation frequenoy will International Patent Publication # WO 99/36940
move 0.5 -0.8 MHz until the oscillator temperature
comes to equilibrium. This usually takes 2 to 3 minutes.
The day to day variation in oscillation frequency is within
30-50 kHz.

The short time fkquency variation (which causes phase
noise) is 10 k?%. This llequency variation is not
significant for the intended application of this oscillator to
act as an w power source for driving eleetrodeless lamps
beeause the loaded Q of the resonant lamp system is low
Qx22 and the corresponding 3 dB 13Wis s30 MHz.

l

l

l

l

V. CONCLUSIONS

A high Q inductor in the feedbaek circuit of the
oscillator may cause Iarge voltage spikes during the
start-up transition time resulting in a breakdown at
the gate.
In lieu of using inductors and to prevent large voltage
spikes, distributed microstrip limes can be used to
limit the transition or mismatch over-voltage
condition to two times the input voltage if the correet
coupling feedback lines and capacitors are chosen.
LDMOS transistors provide excellent performance
for high power oscillator configurations due to high
power gain, high channel conductivity, high cutoff
frequency and low saturation voltage.
This type of solid-state high power oscillator design
can p;~vide highly eflici~t, ;eliable, and robust ~
power sources.
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