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1. Why are Low Phase Noise Microwave
Signals needed?

Example 1: Effect of Local Oscillator Phase Noise on
Receiver Selectivity in Multi Signal

Environment
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The receiver tries to see a weak wanted signal in the presence of a strong interfering signal.

The downconversion process transfers the noise sidebands of the receiver LO to both the wanted and
interfering IF signal. Sideband noise of the interfering IF signal falling into the IF bandwidth
submerges the wanted IF signal.



Example 2: Effect of Carrier Phase Noise in a
Doppler Radar System

Trans- fo
mitter

(Stationary for
Simplicity)

fo

V'fo
Co

szzo

fp = Doppler shift

v = Speed of moving object
¢y = Speed of light

f, = Carrier frequency
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The receiver of the Doppler Radar System detects the weak frequency shifted return signal from a
moving object as well as a strong, unwanted return signal at f; from a large stationary object

(clutter signal).

The delay of the clutter return decorrelates the phase noise of the clutter signal from the trans-
mitter signal. The resulting clutter noise at the IF port may exceed the weak Doppler signal.
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. Basic Representations and Definition of
Phase Noise

In the Time Domain:

vt = Signal with random phase fluctuation A ¢ (t)

v (t) = Vg cos [27fot + A ¢ (1)]

Oscilloscope Display

V(t) = Vg cos 2xfot
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Frequency and phase are related by

1 d t




In the Frequency Domain:

Spectrum Ps
Analyzer
Display

Pssb (per 1 Hz)

Z(fm) = Ps

Z(fm) Single sideband phase noise

to carrier ratio in dBc/Hz

i1 Hz > }= fm—>

& (fyy,) describes the RF power spectrum and is defined as the ratio of the single sideband power of
phase noise in a 1 Hz bandwidth (f;, Hz away from the carrier frequency) to the total signal
power.



3. Key Relations of .#(fm), SA¢(fm),
SAf(fm)

For Adrms <<1

2
Z(tm) = %2 Adfns= ¥ (é-f;%—) _ ssb

Spectral Density of Phase Fluctuations

SAd (fm) = Adfms = 22 (fm)

Spectral Density of Frequency Fluctuations

SAf (fm) = At (fm) = 1, Sag (fm) = 218, Z(fm)




4. Three Basic Approaches

to obtain a “quiet” (low phase noise) microwave signal are considered in the following pages.

A. Build a Quiet Microwave Oscillator

e.g., to build a 5 GHz oscillator, 5 GHz

use a bipolar transistor and a high Q

cavity resonator

B. Multiply a Low Phase Noise HF or VHF Sourceé

100 MHz
Crystal Osc. x 50

e.g., with a 100 MHz crystal oscillator
drive a step recovery diode multiplier
generating the 5 GHz signal.

o [

C. Phaselock the Microwave Oscillator to the Quiet
HF or VHF Source

100 MHz Sampler- Loop
Crystal Osc. Phase ™1 Filter
Detector

T 5 GHz

e.g., combine the performance
advantages of a 100 MHz crystal
oscillator and the 5 GHz
microwave oscillator by phase
locking the two sources via

a sampling phaselock loop.



4.1 Phase Noise of
Free Running Oscillators
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Equivalent Phase Feedback Loop:
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The closed loop response of the phase feedback loop due to the perturbation AO1(wm) is

Aptlom) = 7~ A0 1(wm)




The phase perturbance, A1 (wm), or it’s power spectral density, SA@1, describes
F1kT

sav 1

both the additive phase noise of the amplifier,
(See also 5.1 and 5.2)

F1kT fc

Ps av 1 fm

Phase Perturbation

Sae1 fm—1 F1kT
Ps av

———

fe —» fm

The resulting phase noise of the signal coupled out of the resonator is

N =

fo 2
Z1(fm) = 5SA¢4 =1§f1 ( ) X SAB1

m2 \ 2Qload

Resulting Phase Noise

fm—3

Degradation due
to additive noise
on post amplifier

FakT
2 Pg av 2

Z1(fm)
fm—2

fc fo —>» fm
2Q
Additive noise of the following amplifier establishes the phase noise floor _FokT

’2Psav2

, and empirically the —}— noise effect by fe.



4.2 Optimization of Phase Noise
in Oscillators

e Maximize Qjoaded

— Use resonator with maximal unloaded Q
— Maximize reactive energy stored in resonator
— Limit signal without degrading Q

e Minimize phase perturbance

— Use device with low noise figure
— Maximize signal level
— Choose device with low flicker noise

— Minimize effect of flicker noise

e Couple output signal from resonator

o Set low-noise floor

— Keep output signal sufficiently high
— Use low NF post amplifier



4.3 EXAMPLES OF HIGH Q RESONATORS

Resonator Frequency | Unloaded Q Temp. Coeff. Major Limitation
Quartz Crystal, 3rd Overtone 10 MHz 1.5 x 106 35 x 10—-9/°C2 | applicable power
Quartz Crystal, 7th Overtone 100 MHz 90,000 35 x 10—9/°C2 applicable power,
spurious modes,
microphonic phase
modulation
Quartz Crystal, 11th Overtone 280 MHz 40,000 35 x 10—-9/°C2 | applicable power,
spurious modes,
microphonic phase
modulation
SAW Resonator on Quartz 280 MHz 18,000 35 x 10-9/°C2 | applicable power
SAW Resonator on Quartz 800 MHz 10,000 35 x 10—9/°C2 applicable power
Dielectric Cyl. Waveguide (TEQ1)) | 4.9 GHz 8,300 2ppm/°C
(Ba Tig O9)
Cylind. Waveguide (TEg11) >2 GHz 20,000 to 1.5 ppm/°C size (for L, S Band),
50,000 (Invar) microphonic phase

modulation



4.4 Examples of Low Phase Noise

Oscillators
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With the exception of the two tunable microwave oscillators, these examples of fixed oscillators give
an indication of state of the art performance regarding low phase noise.

The two tunable oscillators at 6 GHz are shown to demonstrate the performance difference between
GaAs FET’s and bipolar transistors observed in otherwise comparable circuits.



4.5 High Q Resonator Employed as

Postresonator
Low Q High Q
—>§ Resonator —— | Resonator [—>»
Q. Qny
Oscillator Postresonator
-

Equivalent Circuit:
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Phase noise with high Q post resonator
(and low Q resonator in oscillator feedback)
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The application of a high Q postresonator lowers phase noise of an oscillator signal outside the
bandwidth of the resonator. The above graph also suggests that lower phase noise can be obtained
by applying the high Q resonator in the oscillator feedback.
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4.6 Stabilization of Oscillator with
Frequency Discriminator

Oscillator
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Equivalent frequency feedback loop:
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Reduction of oscillator noise (Afyge or ABpsc):

Afout — Adout — 1
AMose  Adpse 1+ KoKpA(fm)

Frequency fluction caused by discriminator noise (V)
1

1
Afgut fm) = VnD XKD X 1

K()KDA

+1

Phase noise caused by discriminator noise (obtained by integrating Afy,¢ (fy)):
1

X
£ KD 1
KoKpA

Adout fm) = Vnp X
+1

The limitations of this system lie in the discriminator noise, gain, and bandwidth. The frequency discriminator
typically consists of a delay line or microwave resonator and a mixer operating as a phase detector.



Multiplication of a Stable
HF or VHF Source

Xtal Oscillator  Multiplier
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Theoretical degradation of phase noise (with ideal multiplier)



