Fundamental Concepts and Definitions
in PM and AM Noise Metrology

TUTORIAL — QUESTIONS AND ANSWERS

Note from the editor

The questions were asked at various points during the presentation. They were transcribed and
are presented here at the end of each tutorial.

JIM COMPARO (AEROSPACE CORP.): So S, is the power spectrum density of that
full voltage signal?

EVA PIKAL (NIST): Yes.

JIM COMPARO (AEROSPACE CORP.): And the first you said was what?

EVA PIKAL (NIST): The carrier.

JIM COMPARO {(AEROSPACE CORP.): I see three terms there. One is contribution
due to the phase noise; one is a contribution to the amplitude noise; and then there’s a term
out in front. And what is that?

EVA PIKAL (NIST): That’s just a carrier, right? That’s — you know, if it were ideal, it
would just be a delta function at the frequency of oscillation.

JIM COMPARO (AEROSPACE CORP.): I guess my question is — and maybe ['m getting
way ahead, but if there is some correlation between the amplitude noise and the phase noise,
then the power spectrum of the voltage wouldn’t necessarily be symmetric, would it? And so
would it be fair to sort of consider these things as folded over on top of one another?

EVA PIKAL (NIST): I believe this assumes there is a correlation between AM noise and
PM noise in the signal.

MARC A. WEISS (NIST): I am looking at “requires a reference of comparable stability.”
[ thought you said we could use the oscillator under test as a reference as well.

EVA PIKAL (NIST): That's to measure the noise floor. You need a different reference
to measure phase noise of the test oscillator. You need another oscillator. To measure the
noise floor, you need to use the single oscillator to get rid of the noise of the source and the
reference.




1. DISCUSSION OF ERROR MODELS FOR I'M
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A. Grroe model for PM noise measurements
B Error model for AM noise measurements
 PM and AM noise madels

0 Conversion 6T PM data 10 6y{1) and moday{1)
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ERROR MODEL FOR PN MEASUREMENTS

1 DETERMINATION OF K

? DETERMINATION OF AMPLIFIER G(f)

3 PLL EFFECTS (IF ANY)

4. CONTRIBUTION OF AM NOISE

5 HARMONIC DISTORTION

6. CONTRIBUTION OF §YSTEM NOISE FLOOR
7 CONTRIBUTION OF REFERENCE NOISE

8 STATISTICAL CONFIDENCE OF DATA

¢ LINEARITY OF SPECTRUM ANALYZERS

10 ACCURACY OF PSD FUNCTION
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Simple PM Measurements
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1. DETERMINATION OF K

TRANSDUCER SENSITIVITY DEPENDS ON

A Frequency
B Signal power and impedance, reference power and impedance
C. Mixer termnation at all three ports

D Cable lengths

ACCURACY OF DETERMINATION DEPENDS ON DEGREE
ABOVE PARAMETERS HELD CONSTANT PLUS

A. Symmetry of wavefurm

B. Signal-to-noisc-ratip

. Phase deviation from 90°-depends on noise level, de offset-may
depend on [

CALIBRATION CONDITION MUST REFLICATE THE
MEASUREMENT CONDITION AS CLOSELY AS POSSIBLE

it is difficult to seperate the system noise from a signal with low PN naise. Resuits

wacorrected for PLL and gain varistions with Fourier lrequency.
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2. DETERMINATION OF AMPLIFIER GAIN VERSUS
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PLL RELATIONS
3. PLL EFFECTS (IF ANY) 3
3 rd 4 Al OCTAvE
n, & = B .
ATTENUATION OF THE LOW FREQUENCY PHASE h
DEVIATION CAN BE REDUCED BY 7, —eoureur 1N N
:
[ Fe s T e
A. Normal PLL ioop. Results may be altered by additionat fiiters in '
electronic frequency control {EFC) path
G —cB RO KAy —Ad)
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C. Signals that propagate through the air 1o pull the frequency of one or - -
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E. Signafs that propagate through the measurement system (mixer} 1o 5 1
pull the fiequency
F. Injection lock feedback from the cavity discriminator or delay line
discriminator -
§
PLL EFFECTS SHOULD BE MEASURED IN SITU SINCE H
MANY EFFECTS IN THE EFC PATH ARE HIDDEN, =
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4. CONTRIBUTION OF AM NOISE

AM TO PM CONVERSION [5 UNIVERSAI

A. Occurs via non-linear process
B. Typically -15 to -25 dB in double batanced mixers
€. Can reach - 3 dB in some ampliliers

[r. Scts the noise floor in Many measurements

PTTI 1994

5. HARMONIC DISTORTION

A. Harmonics of signal and reference contribute to K and
detected noise

B. PM noise ¢n harmonics may not be same as fundamental

C. Sensitivity depends on power, impedance, harmeonie
nomber

ITTI 1994
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TO GET NOISE FLOOR SET A=B

, = AP
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TO CALCULATE INDIVIDUAL PM NOISE FOR AN OSCILLATOR
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L{f} vs Frequency of NIST PM/aM standard at 10.6 GHz
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6. CONTRIBUTION OF SYSTEM NOQISE FLOOR

. PSD{V,)
NOISE TERMS (NCLUDED N —=-1%
!('426(_,()'

- [A¢A(j ) - ﬁ¢b‘(}{ )j’l Viffjlmlxe.' Vn( f )zamp
.S = i
o S ) 1% TTKABW | KiBW

2 )
el PSA g £ 0B+ Sas( £ 1560

KiG(f R BW

l'I,, ) 2.1 adens . 2
Sol f Jparr = Seat S 1+ Seal S i+ JI{;%;T’ * Sl f I8+ Sanl £ )0

PTTI 1994

TIME AND FREQUENCY BIVISION, NIS




19¢

LNING NUISIAIL A ONGATNTOED ONY AW

b6t LLLd

8. STATISTICAL CONFIDENCE OF THE DATA

Table 1. Arproximale : 68% confidence Intervals for FFT Specieal

Estimates N > 10

power law window
noige type uniform Hanning flattered peak
£0 1.02//8 0.98//8 0.98//N
£2 1.02//0 1.04//8 1.06/ /0
£3 wnusable 1.04//8 1.04/ /0
£ wwsable 1.04//N 1.06/ /N
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7. CONTRIBUTION OF REFERENCE AM AND PM NOISE
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STATISTICAL UNCENTAINTY OF S\WEFL
RF SPECTRAL DENSITY MEAUREMENTS

9. LINEARITY OF SPECTRUM ANALYZER
S0 - Sl £k VIDEQ S NRES jl |

A. Accuracy of wide dynanic range
Ko L-68%, k= 19 95% CONFIDENCE N 2 10
B Diginzing errors
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10. ACCURACY OF THE PSD FUNCTION

100 QQQ H=x
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DEPENDS ON

RMS: 1000
ESTN

A Signal type
Use flat top window for bright lines

Use Hanning window for noise

B. Window function and Fourier frequency (leakage)

375 Hz

f should be less than span/23 for Flal top window

=L 1)

F should be less than span/73 for Flal top window
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PSD OF £ NOISE
APPROXIMATE BIASES IN FFT SPECTRAL DENSITY ESTIMATORS

RMS: 1000
Noise Type 1° Noise Type £* 1 ’
Channel # Flat Tep 1 Hanning Uniform Flat Top Hanning E Uniform
1 0.1 dR 19.6 ¢B 19.6 4B 10.0 ¢B 3.6 4B Net
2 16.7 Small Small 9.1 0.4 Useable
3 7.2 [ ' 4.0 0.4
4 Small 12 Small
5 | 1.1 i
6 11
7 1.0
] 0.8
9 0.6 X
10 0.6 : X
i D5 ; :
12 0.4 Lo .f ;
1 0.4 ; : -‘
14 Small ! .j
13 i -103 : : . I
START: 250 Hz BW. 054. B85 Hz STOP: 100 000 hHz
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Simple AM Measurement .

ignal  Detector
Signa N v,| Spectrum
XU E’ Analyzer 12
d8
£ /DIV
V(t)=k.5(7}
¢

Mﬂ—;mensures S_( ) of the Signal plus the system noise.
(%G1

-148 : 3
START: 250 Hz BW, 375 Hz STOP: 100 000 H=

Ttis difficult to seperate the system noise from a signal syith low AM noise.
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ERKROR MODEL FOR AM MEASUREMENTS
1. DETERMINATION OF Ka

S FE
| DETERMINATION O DETECTOR SENSITIVITY DEPENDS ON

DETERMINATION OF AMPLIFIER G(f)

[

CONTRIBUTION OF SYSTEM NOISE FLOOR A Carrer friquency

-

4. STATISTICAL CONFIDENCE OF DATA B. Signal puwer and impedance

LINEARITY OF SPECTRUM ANALYZERS € Detector lermination both ports

a

6 ACCURACY OF PSD FUNCTION D. Cable lengths

E. Fourier frequency

Sensitivity te Fourier frequency is often difficult to measure due ta
bandwidib of most AM modulators

CALIBRATION CONDITION MUST REPLICATE THE
MEASUREMENT CONDITION AS CLOSELY AS POSSIBLE

TIME AND FREOINFENCY DIVISION NIST PTTT 1994 TIRAT AN FREOEERNOY DIVIRINN NIRT PTTI 1994

1. DETERMINATION OF AMPLIFIER G(f) 3. CONTRIBUTION OF AM SYSTEM NOISE FLOOR

Depends on A Nowse floor dillecult to measure in single channel systems

B. Cross-corelation can be used to determine noise foor (past It1)

A Detectar output impedance

B. Signal power, impedance, and cable length through A ) CALIERATION CONDITION MUST REPLICATE THE
MEASUREMENT CONDITION AS CLOSELY AS POSSIELE

C. Fourier {requency

CALIBRATION CONDITION MUST REPLICATE THE
MEASUREMENT CONDITION AS CLOSELY AS POSSIBLE
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Side band + White PM
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