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BASIC PHASE NOISE MEASUREMENT CONCEPTS
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DIRECT SPECTRUM DEMODULATE, THEN ANALYZE
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DIRECT SPECTRUM ANALYSIS

IF AM < PM
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DEMODULATE, THEN ANALYZE

Sy(f)
2

5390A FREQUENCY STABILITY ANALYZER

IF(o(t) <1 £(f) =

8901A MODULATION ANALYZER

3047A SPECTRUM ANALYZER SYSTEM
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REGION OF VALIDITY OF £(f) = —34)
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CONVERSION BETWEEN

S.(f) AND S.(f)
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FOR EXAMPLE 800 Hz rms SPUR
AT 180 Hz IS 4.44 RADIANS rms
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DIRECT SPECTRUM

MEASUREMENT CHOICES

1 Hz-25 kHz —~

3582A

100 Hz-1.5 GHz —>

8568A

20 Hz-40 MHz —~

3585A

—1

3047A
DIRECT SPECTRUM

8568A 21.4 MHz IF OUT

100 Hz-22 GHz —~

8566A

8566A 21.4 MHz IF QUT
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DIRECT SPECTRUM
MEASUREMENT CHOICES

8660C
8662A 40 MHz-26 GHz 1.3-18 GHz
8663A
8672A
8673A
8340A

Y
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3047A
FREQUENCY DIRECT SPECTRUM
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SINGLE SIDEBAND NOISE FLOOR
OF SEVERAL SPECTRUM ANALYZERS
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DIRECT SPECTRUM
MEASUREMENT LIMITATIONS

CANNOT SEPARATE AM AND PM NOISE

AM NOISE MUST BE < PM NOISE

W\J 1 Vi I Y

INADEQUATE DYNAMIC RANGE FOR MANY SOURCES

CANNOT MEASURE CLOSE IN TO A DRIFTING CARRIER

VALUABLE FOR QUALITATIVE QUICK EVALUATION
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DEMODULATION TECHNIQUES RELATED TO
SPECIFIC INSTRUMENTS OR SYSTEMS

5390A FREQUENCY STABILITY ANALYZER

8901A MODULATION ANALYZER

3047A SPECTRUM ANALYZER SYSTEM
“‘NOISE SIDEBAND” SOFTWARE



8901A PHASE NOISE
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3047A NOISE SIDEBAND SOFTWARE

SOURCE FREQUENCY DRIFT = 150 Hz

20 Hz-40.1 MHz 3047A
“| NOISE SIDEBAND

100 Hz-1.5 GHz: 85684 ) 8568A 21.4 MHz IF OUT
3047A
™ NOISE SIDEBAND
100 Hz-22 GHz . 8566A | 8566A 21.4 MHz IF OUT
8660C 40 MHz-26 GHz 1.3-18 GHz
8662A 3047A
8663A NOISE SIDEBAND
8672A
8673A
8340A
3047A 8662A
FREQUENCY NOISE SIDEBAND 8663A
SYNTHESIZER 11729A/8 HO3




3047A NOISE SIDEBAND
MEASURED PM NOISE FLOOR
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DOUBLY BALANCED MIXER

AS PHASE DETECTOR

Visin [27vo + ¢p(t)] D

LOW PASS
FILTER

> Ko X B(t) = Valt)

Vasin [27vo + 90°]>——§§>—

S.(f) = S, (f)=L}S<g£l
Se(f) _  S,(f)
2 2K?,

if |o(t)] < .2 rad

because |¢(t)| < .2 rad



MEASUREMENT OF PHASE DETECTOR
SYSTEM NOISE FLOOR

POWER LOW PASS .| LOW NOISE

SOURCE SPLITTER FILTER AMPLIFIER

\ 4

.| 90° PHASE
SHIFT

CONCERNS: S047A

« AM NOISE OF SOURCE

« DECORRELATION OF SOURCE BROADBAND PM NOISE
FLOOR BY DELAY IN ONE PATH

e TYPICAL AM REJECTION =~ 30dB TO 1.6 GHz
~ 15dB AT HIGHER FREQUENCIES



3047A PHASE NOISE MEASUREMENT NOISE FLOOR

5 MHz-1.6 GHz
+15 dBm SOURCES
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MEASUREMENT OF A
SINGLE FREQUENCY SIGNAL PROCESSOR

N UNKNOWN
. PATH |
_ POWER (?2) > LOW PASS .| LOW NOISE | .
SOURCE - SPLITTER FILTER o AMPLIFIER
> ADJ ¢ T
3047A
CONCERNS:
FILTERING EFFECT OF UNKNOWN PATH
TIME DELAY IN UNKNOWN PATH



MEASUREMENT OF A FREQUENCY
MULTIPLIER,DIVIDER OR TRANSLATOR

.

_ POWER
SOURCE ~| SPLITTER

DEVICE UNDER
TEST

DEVICE UNDER
TEST

LOW PASS »| LOWNOISE | |
FILTER “| AMPLIFIER

3047A

RMS sum of noise of both devices is measured.

Measurement sets upper limit on noise of each device.

At each offset frequency one device is at least 3 dB better.

Three source comparison software will
sort out the noise of 3 comparable devices.
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MEASUREMENT OF THE NOISE

> ADJ ¢
|
- POWER LOW PASS | LOW NOISE R
SOURCE “| SPLITTER FILTER " | AMPLIFIER
»| DELAY LINE

 SECONDS

3047A | DISCRIMINATOR

A delay line bridge or cavity resonator may be used.

Since delay is a linear phase shift with frequency,

the phase detector output represents frequency fluctuations.
K [—M—] = K¢ X 2mT sinwir
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