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DROP
PHASE
NOISE

PHASE NOISE can be a limiting fac-
tor in modern systems,

With the aid of a unique
coupling mechanism, these
fundamentalfrequency
dielectric-resonator
oscillators operate through
10 GHz with extremely low
phase noise.

point dxsmbunon service (LMDS), and fixed-

especially those that rely on phase-based
modulation. Phase noise can increase the
bit error rate (BER) of a telecommunica-
tions link, in addition to degrading both
the stability of beams in particle accelera-
tors and the sensitivity of radar systems.
Fortunately, when properly designed,
dielectric resonator oscillators (DROs)
can deliver stable signals at microwave
through millimeter-wave frequencies with

point digital radios and
satellite-+ commumcanons (satcom) links—
such systems rely on free-running or phase-
locked signal sources with low phase noise.
Such spectrally pure sources are also invalu-
able for radar systems and in research labo-
ratories. A wide range of military, industrial,
medical, and test-and-measurement markets
demand stable frequency sources with low
phase-noise performance and low thermal
drift. DROs have provided low-noise solu-
tions in the range from 3 to 18 GHz,

excellent phase-noise ch istics. In
particular, a new line of compact DROs
from Synergy Microwave Corp. (www.
synergymwave.com) features
low phase-noise levels at fun-
damental-frequency  outputs
| through 10 GHz and higher, for
use in commercial, industrial,
and military applications (Fig. 1).
‘The high quality factor (Q) of a dielectric
resonator makes it possible to achieve os-
cillators with excellem phase-noise per-
f at and milli
wave frequencies. Dielectric resonators
are fabricated on ceramic materials with high
dielectric permittivity, high Q, and high tem-
perature stability. They have much smaller
to cavity therefor
they are frequently employed in the design
of frequency-stable RF circuits (especially
in high-frequency oscillators).

When high data rates must be trans-
ferred—as with multiple-quadrature am-
plitude modulation (M-QAM) schemes in
Long-Term-Evolution (LTE), local multi-

1. This photograph shows an size
actual 10-GHz DRO circuit and

its surface-mount housing.

with spectral purity that compares favorably
to other competing solutions (such as multi-
plied lower frequency fundamental sources).
A typical DRO circuit uses high-Q di-
electric resonator (DR) and active device in
a series/parallel feedback configuration to
achieve the negative resistance required for
stable oscillations. The DR is typically a piece
of a dielectric material, usually manufactured
in a circular shape such as a disk or cylin-
der. It boasts very high (much higher than 1)
relative dielectric constant, ,, that acts like a
resonant cavity by means of reflections at the
dielectric/air interface. The DR can resonate
in a number of modes and frequencies de-
pending on the type of material, dimensions,
and the proximity and shapes of enclosures.
Figure 2 shows a typical DR in a polar co-
ordinate system used for providing insight
into possible resonant conditions for a given
physical dimension. These include L, the
length of the DR, and a, the radius of the DR.
It can be shown that by matching the tan-
gential fields at the resonator (dielectric/air)
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2. These diagrams show a typical disk dielectric-resonator TEg:d
mode (left) and H, field distribution (right).
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3. This simple block diagram shows the basic components of a
dielectric resonator oscillator.

interface, at | z | = L/2 it is possible
to derive Eqs. 1 and 2:

Acos(BL/2) =Be (/2 (1)

and

~(/A/Z)sin(BL/2) = (B/Z,)e "/ (2)
with:

Zq = wpy/a, (where Zg is the wave imped-
ance within the dielectric) (3)

Tuning element
for coarse tuning

Z, = jopo/, (Where Z, is the wave imped-
ance within the air) (4)

where o and f are the imaginary and real

Port 1: 1-W incident power
(QTEM) at F,,. Al other
ports terminated (50 ).

DR puck showing TEy,
E-field excitation at
resonant frequency (F.q,)

Varactor bias
feed locations.

propagation constants, respectively. From 4. This is a thi
Egs.land2, resonator oscillator.

—jZ, sin(BL/2) = Z4cos(BL/2) > tan(BL/2)
=a/B (5)

By solving transcendental Eq. 5, the resonant frequency, f,,
the length, L, and the radius, a, of the DR are found by Eq. 6:

(See Eq. 6, this page.)
where:
L = the length of the DR;

a=the radius;
€, = the relative permittivity of the dielectric material; and

Beam-lead
varactor
locations.
0 5 10mm
i | (3D) model for a d dielectric

nonlinear natures of the active devices needed for the oscil-
lators as well as the resonators. Synergy Microwave Corp. has
studied the nonlinear behavior of these two key components
for DROs and has developed a new line of low-noise DROs with

ing ph i istics. These include the
model DRO1000-8, which offers mechanical and electrical fre-
quency tuning around a center frequency of 10 GHz.

Figure 3 shows a typical block diagram of the 10-GHz DRO.
One of the design challenges for this source involved main-
taining low phase noise even with electronic varactor tuning,
while also minimizing the cost of the oscillator by achieving a
structure that could be assembled repeatably in production. To
achieve thi in designand comput-

¢ = the speed of light in a vacuum.
Transcendental equation Eq. 6 produces two pos-
sible solutions for the resonant wavelength, , but only
one is valid in yielding a deterministic solution within
the dielectric (Ae,) and the air (Ae,).
Designing and fabricating low-noise-noise oscil-
lator circuits based on DRs is not trivial, given the
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5. This block diagram shows some of the typical components
in a dielectric-resonator-oscillator (DRO) circuit.
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6. These plots show how various parameters, such as loaded
resonator quality factor (Q), can impact the phase-noise
performance of a microwave DRO.

er-aided-engineering (CAE) simula-
tion tools were used, such as ANSYS
=HFSS from ANSYS (www.ansys.

com) and ADS

2 2
i{lﬂlogﬂh ,f"z ZJ(HL]E Zmﬁ’%} =0=>m,, =05 (1)
dm 2, Qo) m* (1~ m) Ju) 28, oS
software
from Agilent Technologies (www.agilent.com). o SO sl oy
Figure 4 shows a three-dimensional (3D) model for the Q 0 1+8
varactor-tuned DRO. The complete DRO design was evalu-
ated and optimized using harmonic-balance circuit simula- Dynamic loaded Q can be given by Eq. 9:
tion along with electromagnetic (EM) co-simulation. This ap- @, 90 30, 5%
proach allows designers to achieve a optimum dynamic loaded Q, == [—] ==L -0 {kz =09
Q-factor for a typical DR coupling arrangement in conjunction 2 d0]  dw 2307 .,

with the oscillator core, which is one of the preconditions for
achieving lowest phase noise. The active device has been se-
lected carefully with respect to noise figure and flicker noise,
with optimum bias level conditions.

Equation 7 provides an expression for an oscillator or other
source’s phase noise (see ref. 1):

f.\FKT 2KTRK?
“”")"Ol"gﬂ“(z/mgu) m-a—m)’][“ w T }(7)
m,, —>0.5= 7 1[3] = B, =4,,)—1(12)
+
Lk (Iowiphase noise)
where:

m = the ratio of the loaded and unloaded Q.

The coupling B, and the ratio m can

be described by Eq. 8 as:
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For maximum dynamic loaded Q, (3/3w)[Q(w)],, = wy > 0,
therefore, the minimum phase noise can be found by differen-
tiating Eq. 7 with respect to ratio parameter m, and equating to
zero for a minimum value of phase noise as shown in the next
several equations:

a
E[ﬂm]mmw: 0= (¢ =4,,)(10)
(See Egs. 11 and 12, this page.)

where:

£(f,) = the ratio of the sideband power in a 1-Hz bandwidth at
fyy to total power in dB;

f,,= the sideband frequency;

fo = the offset frequency;

f. = the flicker corner frequency;

Q= the loaded quality factor;

Qo = the unloaded quality factor;

F=the noise factor;

oltzman’s constant;

T = the temperature (in degrees Kelvin);

P, = the average output power;

R = the equivalent noise resistance of the tuning diode; and
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7. This is an actual phase-noise plot for a model 100-8 10-GHz DRO, made on an
RF/microwave FSUP signal analyzer from Rohde & Schwarz (www.rohde-sch m).

K, = the voltage gain.

From Eq. 12 for low-phase-noise ap-
plications, Moy and o should be dy-
namically controlled and must lie in the
vicinity of 0.5 (mgy = 0.5) and 1 (Bgp =
1), respectively, for the best phase-noise
performance. Figure 5 shows a typical
block diagram of the DRO circuit used
for validating the approach of achieving
minimum phase noise performances.

Figure 6 illustrates the impact of pos-
sible impairments on the phase noise
performance. The red trace identifies
the phase noise

with typically supply current of 50 mA and
a specified operating temperature range
of -25 to +70°C. The oscillator delivers +8
dBm or higher output power in a pack-
age measuring approximately 3.1 x 1.34
x0.788 in., including its mounting flaps.
A number of variations in the DRO
circuit were developed for applications
that may require smaller units than the
initial model. For example, the design
team developed a prototype measuring
just 0.75 x 0.85 in., as well as a surface-
mount-device (SMD) version measuring
just 0.50 x 0.50 in. Although these oscil-
lators were developed for use at 10 GHz,
they are not limited to that frequency;
they can be designed for any fixed fre-
quency from 3 to 18 GHz without long

lead times. As an example,
Fig. 8 shows a prototype 10-GHz DRO
layout for a 0.75 x 0.75 in. package. The

ph i is
better than -100 dBc/Hz offset 10 kHz
from the carrier.

As with crystal oscillators, DROs can
be prone to vibrational noise since the
DR cannot be fully mechanically se-
cured. To minimize such noise, vibra-
tions must be damped before they reach
the DR. The DRO100 features rugged
construction with extensive damping of
the DR to minimize vibration noise and

i effects, thus i
The DRO’s low

of Synergy’s new 10 GHz model number
DRO100-8. The blue trace corresponds to
a lower Q; with identical oscillator core
noise properties. The black and magenta
traces correspond to identical Q but sig-
nificantly higher effective noise figure or
flicker corner frequency when the active
device is not selected or biased optimal-
ly. A combination of these impairments
together with nonlinear noise effects ac-
count for the much higher phase noise
per found in many i
DRO designs.

The model DRO100-8 DRO has a
typical noise floor of -170 dBc/Hz, ap-

; £-th

8. This is the typical layout for a 10-GHz

phase noise makes it well suited for use

DRO in a square housing
0.5x0.5in.

available for and

in high-d sys-
tems; as reference oscillators for phase-
noise-measurement systems; in radar,

phase locking. The frequency is set at the
factory to 10 GHz and can be mechani-

bl ision (CATV), optical SDH/
SONET communications, and satcom
systems; and in a variety of other high-

cally varied by 50 MHz.
Tuning voltages of 1 to 15 VDC enable
variations in the center frequency by +1
MHz to compensate for frequency driftin
phase-locked systems.

The DRO features temperature
stability of typically better than 80
ppm. The oscillator's internal volt-

rt
The measured phase noise is -112 dBc/
Hz offset 10 kHz from the carrier (Fig.
7). Mechanical and electrical tuning is

84

age provides high im-
munity to power supply noise. The
DRO100-8 = handles  supply-voltage

variations between +7 and +10 VDC

systems requiring
low-noise sources. MWRF
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