Phase Noise Measurement in
Crystal Oscillators

APPLICATION NOTES QTAN-107




Date tested: 7/25/2007

Application Notes

If the two signals are correlated and vector summed,
ERC 10MHz OCVXO in Agilent E5052

the vector (amplitude and phase) of the two signals will be emphasized. Cross-

signals.

AGILENT E5052A Signal Source Analyzer

channel

measurement channels with independent reference sources and performing analysis
phase noise sensitivity improves with the number of correlations. For example 10

correlations yield a 5-dB improvement in the noise floor improvement, while

10,000 correlations provide a 20-dB improvement in the noise floor.
This “Golden unit OCXO 10MHz measured on E5052A was used in set-up

The E5052A performs from 1 to 10,000 correlations to lower the noise floor. The
verifications.

correlation can remove the limitation imposed by the noise floor of a reference

The E5052A employs a proprietary cross-correlation measurement method, using
source, allowing measurements of extremely low noise levels.

However, the larger the number of correlations required longer test time.

Currently, Q-Tech used 16 correlations in test.
The best noise sensitivity the E5052A can provide is -178dBc/Hz.
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Types of Phase Noise

<(fy)

40 dB/decade (1,4)
Random walk of frequency

30 dB/decade (f,”)
Flicker of frequency

/ 20 dB/decade (1,7)
White frequency; Random walk of phase

10 dB/decade (f; )
Flicker of phase 0 dBldecade (f")
/ White phase

f

- f
BW of resonator Offset frequency

(also, Fourier frequency,
sideband frequency,
or modulation frequency)
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00146-1 Lot A& Freq, 12

13

Trigger

#Fhase Moise 10.00dBS Ref -20.00dBcHz
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OQT625LEE-40MHz Phase Noise

%5 Agilent E50524 Signal Source Analyzer
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0,00 Intg Modse: -27.3014 dBc 4 4.985 MHz

s RNS Modse: 15,7157 prad

| 1.04368 mdeg Restart
-30.00 RMY T thar: (72,479 fsac
! Regidual FM: E51.9132 Hz

100.0 Mariual
Trigger

-110.0 $
SOurce 3

-enn Internal

-120.0 f Ext Trig Polarity 3

140.0 Fositive

500 fAverage Trigger

On

-160.0 2 =
Return

4700 3 I

LD g o & 10k oy F3

| IF Gain 20dB Freq Band [10M-41MHz LO Opt [ 2150kHz

_H@IMIHEICW ICtrI D\.-'IPDW 3.63V|Attn DdBIExtReF IStop ISVCIZDI 30 0 4?'

OT625L AE-16MHz Phase Noise

FO 98514

i Agilent ES0524 Signal Source Analyzer

b &8 Freg,

Trigger

Trigger ko
Phase Noise

. Hold

Single
Conkinuous
Restart
IManual
Trigger

SOurce

Internal o

Exk Trig Palarity
- [
Pasitive

Average Trigger

.
=

o
'{ Return

Page | 3

FPhaze Moizse 10.00dBS Ref -20.00dBcHz
20,00 F Carrier 15,999983 MHz 12,3153 dBm—
i 1] 10 Hz -55.0534 dEc/Hz
=000 2 100 Hz -127.6483 dEciHz
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®{ Start 12 kHz
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OQT625CE2E-12MHz Phase Noise

4 Agilent E50524 Signal Sou
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FPhaze Moize 10.00dBS ReF -20.00dBc/Hz
20,00 F Cartier 11,999908 MHz 156443 dBm—
i 1{ 10 Hz -34 /4581 dBc Hz
20,00 29 100 Hz -123.5195 dRc/Hz
s 2 ~145.5623 dBc/Hz
4 100 kHz | -166.2804 dBc/Hz
-40.00 =51 1 WH=z ~167 . 3465 dic/Hz
Ay Start 12 kHz
-E0.00 Stop 20 MHz
Center 10,005 MHz
E0.00 Span 19,985 MHz
=_|No'!se = L |
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70,00 Anglysis Range ¥: Band Marker
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