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INTRO DUCTION

Measuring and specifying phase noise has become inereasingly important as phase

noise is the limiting facior in many RF and microwave systems,like Doppler radar and

space telemetry sy.te-. or communicationlinks. The complexity and subtleties of the

1nuurur.-unt have earned it the reputation of being more art than science.

This paper gives an introduction to phase noise measurement focusing on the two most

"o--o1 
and useful techniques, the "Two Source Phase Detector" and the "Delay Line

Frequenc;- Discriminator" methods. System limitations are pointed 9ut a-s well as the

potential ,our"". of erroneous data when phase noise is measured in a bench set up.

The lt72gc Carrier Noise Test Set is HP's latest contribution in this field, designed to

simplify and automate the complex task. A table of comparisons will show where the

ttTigC and the various other HP solutions are optimally employed.





O 1. Why Measure Phase Noise?

Phase noise causes . . .

o Lower receiver sensitivity in multi-signal environment

Transmiller

Hq- Doppler Signal
Decorrelated Clutler Noise

J_

o Glutter noise in Doppler Radar Systems

r Phase errors in digital communication systems

phase noise imposes fundamental limitations wherever a weak signal is processed in the presence of a

.tiorrg interferini rij""r. In the above example, phase noise sidebands of the receiver local oscillator are

ti"".i"*"a to thI Ifpioduct of the strong interfering sjsnll and cover up the weak wanted signal.

A similar situatio;exists with cohereit Doppler radar. The strong interferring signal in this case is

p;;;;J ty reflections from large stationarl' f5;".ts. Phase noise side bands of this unwanted return

lien"i"r. ,iecorrelateJbv delav ind potentially cover as clutter noise the weak Doppler signal'

b,,r"n in the world of d-igital iata tiansmission phase noise is a limiting faetor. Phase noise adds to

o*,"r^il system rroir. in.rJ"sing Bit Error Rate and may cause a cycle slip in the carrier or data clock

recovery.
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2. Basic Representation of Phase Noise o
2.1 In the Time Domain:

v(t) : Signat with random phase fluctuation A ,0 (t)

v(t) : Vs cos f?rtsl+ J O (t)l

OscilloscoPe DisPlaY

V(t) = Vs cos 2rlsl

ar <> ao(t)

Frequency and Phase are related bY

f(r):##

In the time domain phase noise can be observed as phase jitter of the signal on an oscilloscope displal' or

a time interval counter may detect the instantaneous time fluctuations of the zero crossings.
phase or frequency fluctuations are the same physical phenomena. One can be derived from the other as

angular frequency is the first derivative of phase with respect to time.
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O,, In the Frequency Domain:

FJd(t ) :Jd( f )

Spectral Density of Phase Fluctuations S4

SO(f) -Jd2rms(f )

I  d2rms

spectral Density of Frequency Fluctuations s3

Sr t(f) = Jf2rms(f) : l2J @2rms(l) : fzSO(f)

Spectral density distributions describe frequency or phase noise in the frequency domain. Terms like
.,White,,' ,,Flicker,' and ..Random Walk" refei to the slope of f , f-t, and f-2 of thd density distribution.

rrluiiipri."tion by the Fourier frequency - conespond.rls to differentiation in the time domain -

converti the spectral density of phasl noiie to the spectral density offrequency noise.
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2.3 Relation of Phase Noise to Carrier Sideband Noise o
The modular i6n pf the signal phase manifests i tsel f  in modulat ion sidebands to the carr ier at  of fset

frequencies u.hich ar" mul i ip les of the modulat ion rate rFourier f requencyr.  The sideband levels are

related to the magnirucle of the phase deviat ion by Bessel terms. For smal l 'angle modulat ion, onl5' the f i rst

Bessel term is signrficanr and the relation betu'een phase deviation and sideband level is approximated b1'

For small angle modulal ion

(  I  ar .  <  l  rad ian)

?P 
= {-t d2rms(f)

J d2rms

A common, though indirect.  representat ion of phase noise is,7{f  r ,  the rat io of the single sideband noise

po$.er in a I Hz band*'ldth to the total carrier power specified at a given offset, f of the carrier'

This representation is applicable only for very small phase deviations, sufficiently small to produce

negligible higher order sidebands.

Definit ion ol Y (t)

y(tt=ry

+-
-fott

-+
fogl = |

Refation between 2,5 5, Sl f:

l o r  - \ 6<<  l rad ian

-
\

st
8i
$r b
E!
E:
€i
E.b.E'E
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o 3 Phase Noise Measurement Techniques

o Direct Spectrum Analysis

) o Two Sources and Phase Detector

o Frequency Discriminator

) o Delay Line Frequency Discriminator

o Carrier Suppression (Ondria Bridge)

o Heterodyne Period Gounter

From the multitude of techniques to measure phase orfrequency noisetwobasicmethods are singled out

and explained in some detail onthe following pages: the "Two Sources and Phase Detector" technique and

the "Dela5' Line Frequency Discriminator" technique'
Both methods are ielatively simple to implement and are broadband solutions.They also compliment

each other well. The first method rnl.rur"s phase noise;high sensitivity is obtainable and two sources are

needed. The second method measures frequency noise, has inherently lower sensitivity close in but no

second source is required.



3.1 Two Sources and Phase Detector Technique o
Source

Under Test

lsolat ion AmPl.

l v '

t_
t l

Low Noise
Ampli f ierPhase Detector

(Double Balanced Mixer)

JV273ns(1 Hz)

V2g rms

J V2rms (1 Hz)

vzB rms

Low Pass Filler

^ A l

i+ , 1  ! F = F

v
I
L - -

sd (t)
y (t)

(for Jd<< lrad.sd ( t )=Jd imsl t l=1/z

f o r l d<<1 rad .

9 $ l  =  112 s6 ( l l  =  1/q

With the LO and RF input in phase quadrature steady state wise, the mixer IF output generates a signal

oroportional to the phase difference of tl" two sources. In linear operation the phase detector coxstant

;;;i;;;;;rr. "orftg" 
of the sinusoidal beat signal produced when either Bource is frequen-cv-offset.

Most sourc", ,nould-6rift out of quadrature over the period of measurement. A narrow band phase lock

l";;;;t;atically ioices thetwo signals into phase quadrature. Atrates less than theloopbandwidth the

,ou-r.", now track each other; at rates higher than the loop bandwidt\ t-he phase fluctuations are

unaffected. The two isolation amplifiers should prevent injection locking of the Bources.
phase noise measured on the IF port represents the nns-sum of the noise contributions of each source.

For definite data on the source ut d"r ttst, the phase noise of the reference Eouree should be either

""gfigiUi. ", 
well characterized. In the absence of any information on both sources, one can at least state

that neither source noise is worse than the measured data. If 3 unknown sources are available, 3

i""rui"rn"nts with B different source combinations yield sufficient data to calculate accurately each

individual noise level.
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O 31 1 The Mixer as Phase Detector

v (t) = 
15 

cos (t,n - ,L) t. O(t) ) +

vB peak

V (t)  = VB peak cos ({rn - col 1t.  O(t))

for c,rL = <,.,8 and d(t) = (k +1) 90" - Jd(t)

JV (t) = (t) VB peak sin Jd(l)

for ld<<l radian

Jv (t) = (t) K6 -\d(t)
I Volts I

K6=vBpeak L ,d J

o(r)) +...

KL = Conversion Loss

VB peak = Peak Voltage of
Beat Signal

The frequency conversion of signals applied.to a.mixer |f qhvsically based on one signal gating the

other or on the nonlinear conductance oriite mixer diodes. Either case represents a multiplying process.

Among many terms,ih" mixer also generates a product resulting in the difference frequency of the input

signals.
with a sinusoidal input at the RF port and assuming linearoperation (linear relation between RF and IF

voltage), the beat sigrial is also 
" 

,it" wave with a peak voltage VB peak'The phase slope of this beat

signal at zero crossings equals = VB peak-'
setting both inpui ft;;ir t; trreiaf;6 hequency and at a.phase offset of 90o phase fluctuations Jdrt)

result in voltage fluclua"tions Jv(t r which for small lhase devjations are linearly related. The mixer acts as

a phase detecior with a phase detector constant of K6 equal to VB peak'

1 1

Vg cos t,,11

Vs cos (-nt - 6(l))

ffi. oiL) t *



3.1 .2 Calibration with Beat Signal

Jv( f )  =Kd r  O ( f ) Ko = vB peak
: fvg 76s

:1 /4 JV2 rms(l Hz)
v'B ,r,

Phase noise spectrum in dBm
correcled for bandwidth and
analyze r characteristics.

Beat signal in dBm.

Atlenuation (if beat signal was
attenuated in calibration).

Accounls lor rms value of beat
signal (3 dB) and conversion of
s 6(f) roS (f) (3 dB).

Accounts for log amPlifier and
video liltering (averaging) of noise
(if analog spectrum analYzer ls
used).

o

1 .  1  - -
J d76s(f):;;  JV 765(f) - 

f f i- ,  
JV rms(f)

S O(t) : J d2rms(f) = 172 
JV2 rms (1 Hz)

v2B rms

fo rJ  6<<1

g (t')

e (l -- 1/2 so(f)

JV2 rmsl  dBm

-V2B rmsl dBm

-Kel dBm

-6  dB

+2.5 dB

Assuming VR ,.ooL as the phase detector constant dictates linear operation of the mixer. The calibra'

ti""lilr,"."p"."trtifln"lyzer for iz tf ror Sl6rfrcan then be read from the above equations.

Other calibration methods are based on thllharacterization of the phase slope, on calibrated PM or FM

sidebands on one of the two sources or on the injection of a calibrated spurious signal.
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O 313 System Noise Floor

lVn MtX
Jvn t.t.tr

t  system (f) =
JV2nt l t t x  +JV2nLNe

v2g rms

The noise floor of the measurement system is established by the equivalent amplifier and mixer noise
tshot noise, flicher noiser at the IF port redueed by the phase detector gain K6 (VB peak for linear

operation r. System sensitivity is therefore maximized by using a high level mixer, selecting a mixer u'ith

low flicker noise and follou'ing the mixer with a low noise amplifier.
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Mixer and Low Noise Amplifier
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31.4 Potential Error Sources

o Suppression or peaking ol noise near or below the phase
lock loop bandwidth.

o Inieclion locking

r Deviation from phase quadrature (result ing in an
effectively lower K6)

o Non-l inear operalion of mixer ( i f  l inearity was assumed
in calibration)

o Distort ion of RF-Signal (result ingin a deviation ol K6
from VB peaf)

o Saturation of the
calibration or by
spurious)

o Change of impedance interface while going lrom
calibration to measurement

e lnsuflicient cancelation of common source noise in a
residual noise test

r AM-noise (in particular AM noise of the common
source in a residual noise tesl)

o Closely spaced spurious (e.9. line multiples)
misinterpreted as Phase noise

o Noise injected by peripheral circuitry (power supply,
phase lock looP)

o Noise injected by peripheral instrumentatioh (€.9.,
oscilloscope, DVM)

o Microphonic noise.

o

preamplilier or spectrum analyzer in
high spurious signals (e.9. l ine



Os: Delay Line Frequency Discriminator Technique

Source
underTesl

Srt( t)  = l f2r |nr{ f)

JVrms = K62tr Jf *.

O srt(f)Jvtrms (t Hz)

7 (f) derived from Srt(f)

ror ro<<1 : I (tl=*irs-rtt n = i +

PowerAmPl i f ier

tort=f i2

Delay Line ( r)

JV"r. (1 Hz)

6"t-

Srt(l)

A delay line and a mixer operating as a phase detector have the combined effect of a frequency
discriminator. The delay line transforms any frequency fluctuation into a phase fluctuation and the mixer
with the L and R inputs at g0o offset linearly converts the phase fluctuations into voltage fluctuations at
the IF port. As derived on the next page, the equivalent frequency discriminator constant Kp is propor-

tional to r and K6.
The frequen"y io phase conversion has a sin x/x characteristic with a null at f = 1/r. Measurements are

therefore limited to f < L/Zt twith correction l.
The system can be calibrated by characterizing the frequency slope gt KO and 

", 
or more conveniently b5'

.aaing fftl sidebands to the sourc€ under test ror a substitute) and determining their level as reference

level with an RF spectrum analyzer.

1 5



s.2.1 Theory of Delay Line Frequency Discriminator o

t(t) = lo +Jt sin 2;ft

V(t) = Ve cos (2;fst - f .ot 2nltl

Carr ier with sinusoidal FM fs = Carrier frequencY

| = FM rate

Jf = FM deviation

Phase Difference on Phase Detector JO(t)

Jd(t) = Zrts(t - r)..*"ot 2rrl(r- r) - 2ilsl-f 
"ot 

2trlt

Jd(t) = -2rrls' ., 
+ (cos 2rrl (t - rl - cos 2iltl

JO(t) = - 2nls r * 2f sin zrf r sin p'r 1t - 7\

Phase Detector Output: V(t) = K6 -\@(t)

lor 21116r = (2k+ 1)?(Phase Quadrature):

V(f) = KO2f sin z:'lr sin 2trt (r -il

Transfer Function:

Jv = Ko2{sin nlr = K62,..rlt #

sin-zrfz = |
t l rforr =fi:

JV = K6 2nr J l
r_-

Kp t#l

rd(r)(
v(r) =Kd rd(r)

Delay time r

= Frequency Discriminator Constant = K62nr



()szz System Noise Floor

Delay L ine

Low Noise Ampl i f ier

Srt(f ) system

lVn urx
JVn lxa

! ' r

t '  Psz

Phase Noise ol RF Amplitier (if used): Jdnr = 
ffi 1t * 

f t

Ko (in linear operation): Kd = VB peak = fiffiott

with L = Conversion Loss (Power) of Mixer

Mixer noise and baseband amplifier noise are interpreted by the systgm as frequency noise. This also

holds for phase 
"oir.l"tioJu."a 

uv un nr amplifier. The amplifier might have been added to boost the

signal level lowered b1' the lossy deial'l ine'

':{:l;#- JV2n ..nl Jr-l2pp

(X5Z--1' (2;rl2

for J6<<1srt(t)
sYstem

, 
,lJ.t 

(#l' ('*f - *f 
- rr+23r1

Mixer, baseband amplifier and RF amplifier noise all have a flicker noise characteristic close in and

show white noise farther out. The contribution. of mixer and baseband amplifier are reduced !v Ko u'hich

p"i"t. out the benefit of the RF amplifier as it maximizes Kg'"A bet*:8:Itllon, though' is to emplol' a

;;;;; amplifier u.r*.-itr. signal split and eliminate the need for an RF amplifier and Yith il Jon-r"
' 

S;;;;a:fn", 
" 

flicker rndth"r, white noise characteristic, L(f)increases with f-2 and f-3 towards the

carrier. This means sood sensitiyity far out (limited by the sinx/x response) but poor sensitivity as

compared with the phase detector method close in'

1(tt=++

N

{(,
6

!{ -3
= \

2Z ' .
u J =
.h l-

I C E
A g
cg
Y! G,- r e

o
o
F

Approximale Syslem Noise
Floor of the DelaY Line
Discrlminalor Technique

t!t,**;"""G
1 Hz 10 Hz 100 Hz 1 kHz 10 kHz
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A dif ferent *.a5.of esr imating the s) 'stem noise f loor of the delal ' l ine discr iminator technique is to lump

al l  noise contr ibut ions into an equivalent phase noise perturbat ion J02r-tor "rrr '  The delal '  l ine

discriminator.interpreting Jc) as frequency rrbi.u enhancei this equivalent phase noise by a factor of

|  / 2 ; f  ; .
Example:

Phase noise of the mixer at i kHz ! t 't kHz' = -160 dBc/Hz'

with a 100 nsec dela5' time the resulting system noise floor is

J 2 = ! t  l  i  l ' .|  2rf ;  '
= -160 dBc + 61 dB = -96 dBc 

'Hz

9 rttl
e, tn
Losl

-100

-90

-80

-70

-60

-50

*40

-30

-20

+10

0

Enhancemenl of
equivalent Phase noise
perturbation bY delaY I
t,tl l=gxl=rl rti
l " r?  ( r )  g r  ( t )  \2 ;  f  ;  r

100 Hz
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O s.2.3 Frequency Discriminator with Resonator

Cavity Resonalor
Crystal Filler

Inside Resonator Bandwidth 1t .  $ I '

Equivalent Delay Time r

KD= K52;r  =*r i }

,?a
Jvrms(f) = Kdfi rttmsltl

Although not a broadband solution, it can be advantageous to replace the delay line with a cavity
resonatoior crystal filter. Group delay td6/du\ produces an equivalent r of Q/ rfo for Fourier frequencies
less than half the bandwidth. Inside fo/zq, the system therefore measures the spectral density of
frequency noise *'ith a discriminator constant of K6 2Q'/fo.

Outside Resonator Bandwidth 1f ' $ t,

Jvrms(Q = Kd Jdrms(f)

Outside fot}Q,the system ma]' be vieg'ed as 2 signals applied to a phase ddtector u'ith the sideband

noise of one"signal stripped off by the cavity resonator. The system then measures Jd216s with a phase

detector constant K6.

Low Noise
pl i f ier

t-r[r ro, r'h
56(l)  for t  ' *

dd l  o=Eilfo=r[

1 9



4 HP Phase Noise Measurement Solutions

o HP 11729C/8662A Phase Noise Test System
(phase detector mode)

o HP 11729C Carrier Noise Test Set
(delay line discriminator mode)

o HP 3047A Phase Noise Measurement System

o HP 11740A Microwave Phase Noise
Measurement System

Following is a comparison of HP phase noise measurement solutions with particular focus on the
LLTZ1C Carrier Noise Test Set, HP's most recent contribution to phase noise measurement.

20



o HP 11729C/8662A Phase Noise Test System4.1

x0
EFC

Inpul

Principle ol Operation
(Phase Detector Method)

H P
r

11729C Carr ier Noise Tesl Set

ill*Li I

DC
FM

Inpul

5-1280 MHz I

al
lF-Amp 

I
Low Noise
Amp I

10 Hz-
10  MHz

. 0 1 - 1 8  G H z

Conlrol ler

I
I
I
I
I

J

r
I
l l
I
L

I
, l

I
.J

The HP 86624 Synthesized signal Generatorprovides astateof'theartlownoieereferenesignal at640MHz
to the Hp 11Z2gC Carrier Noise Test Set. This signal is applied to a step recovery diode multiplier which gen-

erates a comb of signals spaced by 640 MHz ranging beyond 18 GHz. A switched in filter selects an_appropriate
combline. This microwavireference signal down converts themicrowavesourceutdertestinto an lFrange of 5
to 1280 MHz.

The double balanced mixer phase compares the IF signal with the output signal o{the HP 8662A (.01 to 1280
MHz). phase quadrature is enforced by phase locking the HP 8662A to the signal rurder test either thru the
limited electronic control of the HP 8662A's 10 MHz crystal oseillator or thnr its DGFM port. The loop band'
widths can be set over a 4 decade range.

A firstorder phase lock loopis enabledby thecapturefeaturemaking lock acquisition easy. Then thesecond
order phase lock loop (with very high dc gain) maintains lock and phase quadr-ature. To enable phase noise
-"".u".-.nts within the loop Larrd*idth, the phase noise suppression can be characterized via the loop test
ports.

Microwave
Source

Under Test640 MHz
Low Noise
Reference
Signa l

Generat ion Select ion

5-1280 MHz R

HP 8662A
Synthesized

Signal Generator
O p l . 0 0 3 Speclrum

Analyzer

2 1



N
N

HP 11729C Carrier Noise Test Sel -  -  - - ' l

I  r  1  r - - 1  r - - - 1  '' t

i  o<-- -o_n= ^,n* :JOLi  r l
I r+_ 2{- ^"-ilAfj I I 

I----1---T--0ri_i8GHr

IHIHH Hi'I"'Tti i
tfgl^::;-;;; cED (@: I I lt+-t llII":::c o m b G e n e r a t o r  ( w ! E  ! i , u L - - + - J : - f  

l t o o i . " i i

l*i
PowerAmP 

rr-amoV L -l- J I

I

I
I
I

640 MH2 I
Inpul I

6a0 mHt SAtt lillcr

5-1280 MHz

40 dB
LNA

I
I

lo"p I
resl I

'1.5 MHr
l0  Hr - l
l0  MHz l

Loop Conlrol

Aur. OulPul

HP 98364
DG3k Top Compuler

640 MHz Low Noise

I
I
I
I
I
L-

0 l -  1280  MHz  Or r lP t t l  '  0 dBm

ol0  -  20 MHz
I Hz Sleps

|  . l  H r  S l e P s

J

Microwavc Sortrco
Undor Tesl

HP 3582A/356t4
Low Frequency

Speclrum Analyrer
Loop Conlrol Oulpul DC'FM

40 MHz Xlal I I

lo MHz Slal osc' 
160 MHz sral

Relerence Signal

o



04 
11 Noise Floor of HP 11729C/8662A Phase Noise Test System

(Phase Detector Method)
N
I
o
o
E

\

I
F

tr
tr,
g
E
tr
o
o
F
llJ
L
oz
ltJ
o
Io.
o
o
@

-24

-40

-60

-80

-100

12A

-140

-160

-180

\ \

\

\

\ -86!
I

;2 in DC FM

\ \
I \

\
\

\
\ rlpical Hp r'rz2eclaeize

\ $ytt"m Noise @ 10 GHz
l l \ -

640 MHz Reference Signal '

from HP 8662A
t l

t - . a

\
\

\
\

\ _ , r
- -

-,----

- - -

Hz Hz 100 Hz 1 kHz
Oflset from

10 kHz 100 kHz
Carrier | [Hz]

MHz 10 MHz10

J 1  J s  t s
/  system = 10 log (Nz r  ' lQro -  1010 -  1010)

N = Multiplicalion number of the 640 MHz signal

/ r = Absolule SSB Phase Noise of lhe 640 MHz
reference signal (dBclHz).

? a = Absolute SSB Phase Noise of lhe 5 lo 640
(1280) MH: lunable signal (dBc/Hz).

,lg = Two-porl noise of HP 11729C (dBc/Hr).

Ollset
flom

carrier

Typical
640 llHz

low
noise
oulput

Typical
320-640
llHz tun-

able E662A
oulput

Typical
Two-porl
nolse of

HP 11729C
@ 5 G H z

Typical
Two-porl
noise ol

HP 11729C
@ 10 GHz

l H z
10 Hz
100H2
1 kHz
10 kHz
100 kHz
1 IlHz

-54 dBc
-94 dBc
-114 r lBc
-126 dBc
-149 dBc
-159 dBc
-159 dBc

-64 dBc
-94 dBc
-1l t f  dBc
-125 dBc
-136 d8c
-136 rlBc
-146 dBc

-99 dBc
-112 dBc
-125 dBc
-132 dBc
-137 dBc
-1t18 rlBc
-153 dBc

-93 dBc
-106 dBc
-119  dBc
-126 dBc
-131 dBc
-142 dBc
-147 dBc

For most microwave applications, 11, the SSB phase noise of the 640 MHz reference signal, is the
dominating factor in setting the noise floor of the system as its phase noise is multiplied up to microwave
frequencies.
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HP 11729C Operating in Discriminator Mode

- -

I  Cal ibrat ion
I source
L-

--l

f-

4.1.2 o
I
t Signal al Carrier lreq. or lF wilh
I Calibrated FM Sidebands
I
I
I

H P  1 1 7 2 9 C  C a r r i e r  N o t s eTes l  Set

fcalibration

C o m b  C o m b  L i n e
Genera l ion  Sec t ion

, 
b Cal ibral ion

i  I  o.o1 to 18 GHz
-6 ' r l

lF -Amp

5 l o  1 2 8 0  M H z
External Delay Line

iox.to I'i"l

Low noise down convercion of microwave signal under lest

Delay line operating at lF (5-1500 MHz)
Calibration signal provided by HP 8662A

Phase quadrature Indication.

The HP LL729C may also be used in a delay line discriminator mode. The microwave reference signal
generated by the 640 MHz signal down converts the Bource under test into the IF range.The power splitter
ind auxiliaiy IF output allows one to simply ineert an appropriate delay line ext*nally.

Delaying t-he signal at IF means lower delay line losses and also a wider choice of delay devices, like e.g.
SAW d;lav line. Any signal generator with FM sidebands at IF or RF can Eenle as a calibration tool.

I
t_

a

a

o

o

Microwave Source
under  Tes t

Baseband
Spectrum
Analyzer
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4.1 .3

-60

Sensitivity of HP 11729C
(Delay Line Frequency Discriminator Mode)

-20

-40
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o
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o
G
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o
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o
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o
o
G
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@
o
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4.2.1

Pulsed RF Source  (DUT)

Pulse Drive

Phase Noise Measurement
on Pulsed RF Signals

Anti-aliasing Filler

o
I
I
I
Jt-

A

The baseband signal ofa pulsed RF signal phaselocked to a reference source equals the baseband signal

of a. ut pulsed Rf signal jated by the pulse envelope (see Fig. A, B, C). The CW noise spectrum J (0 is

multiplied by the envelope function of the pulse,

( - t )n n n t
n Sln -It n2'rtcos -T\

Observed in the frequency domain, this gating process means convolving the two spectra to obtain the
pulsed baseband sp""tto- (see Fig. C). The resulting spectrum has J (f) folded around multiples of the

iuise repetition frequency (PRF). The relevant part of this spectrum is yielded by the DC tcrm of the pulse

enrrelopefunction, it"t.ttshowsthattheleveloftheunpulsedphasenoisespectrum.c(0isreducedbythe
rqu"r.'J the duty cycle. 

unPursrd

J $1,*o = (+)' Jl3por""a

A lowpass filter, the antialiasing filter, with a corner frequency of <PRF/2 needs to be employed to

eliminaie all the aliasing products (See Fig. D). It also sen'ee to filter any phaee transients associated

;th lh; pulse modulatoi which otherwise would limit the low noiee amplifier.
ftr. ,vrt"- sensitivity decreases with decreasing duty cycle. A sample and hold circuit in the baseband

"ir.uit, 
iri"en by the puise signal, would improvethe eystem aensitivity forlowduty cvcle!.Aeimplerway

to reduce system noise in the pulse off period is to gate either the LO or the R drive of the mixer'phase

deteetor.- 
A side effect of phase locking to a pulsed RF signal is the reduction of the effective loop bandwidth

by t/T, For duty cycles <.:|ttu, it becomes increasingly important to have a well balanced mixer-phase
detector.
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Time Domain

F ig  A : Pulse Envelope
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Fig C: Pulsed Baseband Signal
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Fig D: Pulsed Baseband Signal
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4.2.2. Pulsed Phase Noise Measurements
with the HP 11729C (Phase Detector Mode)

LPF

ffi

Noise
Spectrum
Output

640
Input

5 to 1280
lnput

PLL Gontrol
Voltage
Output

Selecting pulse mode (phase noise) on the HP 11729C applies an error cunent to the mixer/phase
detector and switches in a user-supplied low pass filter to remove the pulse repetition frequency
feedthrough.

HP 11729C



4.3 HP 3047A Phase Noise Measurement System

Appticat ion ExamPle:
Two-por4 phase noise measurement on lrequency divider

HP 3047A Phase Noise llelcurement Syrlem

L r  I  i  l L r L Er i  F[rt ]F r P L E S ! , i  i  5 E t 0 l  l H Z

l

Compar ison
Dev ice t_

The Hp 304?4. phase Noise Measurement system represents a high sensitivity phase detector system

with controllable prr"". r""r, circuits. Extensive softwlre automates the calibration and measurement

procedures r i--!r^-^ i^ ^- ^oax-l^ ^f o -acidrrql nhecp noise measure-
Determining the phase noise of frequency dividers is.an example of a residual phase noise meas

ment. Here, the phase noise of the 8662;. i;t;;i;;".J"a and the svstem will measure the rms sum of

noise of both dividers.
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4.4 HP 11740A Microwave Phase Noise

HP 11729C Carrier Noise
Tesl Sel

Measurement System

800 MHz

Gunn VCO a l  '10 .4  GHz

HP 3(X7A Spectrum AnalYzer SYslem

---T

540 MHz
Relerence Signal

In the Hp 11?40A Microwave Ncise Measurement System, the HP ll7290 provides a broadband and

lo*, noise micro*'ave reference signal eliminating the need for a eecond comparable source'-- 
The Hp gOaZe phase detector system then compares the IF output of the HP 11729C with either the

b-12g0 MHz outfut of the HP 8662A or any other suitable and tunable IF eource.

- \
\ l -

-\ --T

' ' i " .  ' ' r l  
l e k  t e z <  I r ' !  r e Y

.  ( .  )  . dBc . /P . z  r  v ' s  {  ! : 12 - l  ?e r .
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Device under Test

HP 9836A or 9815A
Desk Top GomPuler
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Iou Comparison of System Sensitivities
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4 6 Phase Noise Measurement Systems Comparison

HP 11729C/8662A
Phase Noise
Tesl System
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Phase Noise
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System
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Speclrum Analyzer
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Spectrum Analyzer

HP 35601A
S.A. lnlerface

H P  1 1 7 4 0 A
Microwave

P h a s e  N o i s e
Measuremenl

Sys lem

HP 3585A
Spectrum AnalYzer

HP 3582A
Speclrum AnalYzer

HP 35601A
S.A. Inlerface

HP 11729C
Canler Noise

Tesl Set

HP 11729C
Carrier Noise

Tesl Set
(trequencY

discriminalof mode j
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Carr re r  No ise

Tes l  Se l

HP 8556A/8
HP 8568A'B
HP 3561A

Spectrum Analyzer
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I Reference I

I
t i
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. lHP 8662A

i--I"r''Gl: l

I xp seesa i
I HP 8340A I

] xe aozza I
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t  HPrs36A-1816Al

f .*..r^ "*t.*lI Synthesized I
I sig Gen I
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f "*'"-' I
Principle ol
Operalion

Source Under Tesl

/a-\./ 6_
@-'

Reference

Source Under Test Source Uncler Test

Reference

Source Under Tesl

%G\ r ;
i

Relerence i

Frequency Range 10 MHz -  18  GHz 5 MHz -  18  GHz 5 llHz -'18 GHz 10 MHa - 18 GHz

Low Noise Microwave
Relerence Signal

yes no yes yes

Typical Syslem
Noiie al 10 GHr

123 dBc al 10 kHz
145 dBc noise lloor

- 170 dBc al 10 kHz'
- 170 ctBc noise floor

- 123 dBc at 10 kHz
- 145 dBc noise floot

(with HP 1r729C)

-1' t2 dBc al 10 kHz I
- 145 dBc noise floor 

i

Ollsel FrequencY : 10  MHz <40 MHz <10 llHr (<40 MHz) <10 MHz

Two-pod Notse no yes yes no

Aftl-Noise (Miuowave) yes w/erlemal deleclor yes yes

Manual Operation yes no yG8 yes

Aulomalic Op€relion
(HP-rB)

yes yes te8 yes

Sotlware user provided €xlensive crlemive ur€r piovided

.Specification shown reguires a second. user suPplied source of comparable phas€ noise.
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fe
fs
I

f(t)
rf(t)
K6
Kp

9ttt

Pg
Pssb
o
srt(f )
s6(f)
t
Y(t)
vB peak
a0(r)
Ao(t)
T

GLOSSARY OF SYMBOLS

lmwl
IHz]
lHzl
lHzl

IHzJ
IHzl

Ivolt/radJ
lvolVHzl
[dBc/HzJ

lmwl
lmwl

tllzzttlz!
lrad2lHzl

Isec]
Ivoltl
IvoltJ
lradl
lradl
lsecl

Available noise power in bandwidth B
Carrier lrequencY
Corner lrequencY of flicker noise
Fourier frequency (sideband-, olfset-, modulation'
baseband-f requency)
I nstanta neous lreguencY
I nstantaneous frequency lluctuation
Phase detector constant
Frequency discriminator constant
Ratio of single sideband phase noise to total signal
power in a 1 Hz bandwidth I Hertz from the carrier

Signal power
Power of single sideband
Quality factor of resonator
Spectral density of lrequency fluctuations
Speclral density of phase fluctuations
Time
Instantaneous voltage

Peak voltage of sinusoldal beat signal
Inslantaneous Phase fluctuation
Instantaneous Phase Perlurbance
Delay time
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