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A phase modulator for use in a twoad la to r  phase 
noise measurement system is p W  in the line from 
either the reference oscillator or the device under test. 
ThC phase modulator couples a small portion of the 
input Signal to an amplitude modulator and phase shifter 
to shift the small signal by exactly 90 degrees. The small 
signal portion is then coupled back into the input signal 
such that small variations in the coupled signal result in 
phase modulation and not amplitude modulation which 
would undermine the calibration of the instrument. The 
phase modulator described can also k used with known 
devices of many types to correct the added phase noise 
of components, eg., power amplifiers. 
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MEI'HOD AND APPARATUS FOR WIDE BAND 
PHASE MODULATION 

TECHNICAL FIELD 
This invention relata to apparatus for the measure 

ment of phase noise. More pamculurly, thin invention 
relates to instrumentation and the caliibration thereof for 
the measurement of phase noise in electrical apparatus 

BACKGROUNDART 
The ability of communication, ~ v i g d o n ,  and a wide 

wiay of frequency and timiag measurement equip- 
ment to perform properly is determiacd in part by their 
phue noise performance. A common iupect of their 
daign, manufacture, calibration, and ultimate w is the 
phase noise introduced by such equipment. Other per- 
formance parameters am certainly present and impor- 
tant but are o h  relatively more simple to predict, 20 
calibrate and control than phase noise performance. 
Various techniques have ken used to measure the 
phase noise over portions of the range covered by the 
technique to which this invention is directed but with 
much reduced accuracy and/or added complexity. A 2!j 
survey of previously available techniques is d e s c n i  in 
section 111 of fitending the Range and Accrrmcy of P h w  
Noire Measurements by F. L. Walls et al, published in 
the p" * gs of the Symposium on Frequency Con- 
trol, June 1988 Section Lv A of that publication also 30 
descn'bes the performance of the p rwnt  system and 
d o n  N B outlines the measurement sequence used 
with the present invention. The article is incorporated 
herein by reference. Chapter 7 of Infmred and Millime- 
ter Wovcs Vol I1,pp. 239-289, by A. L. Lance et al also 35 
describes previously available techniques of phase noise 
measurement. 

Specifically, and to briefly summarize these publica- 
tions, the single oscillator techniques described yield a 
good resolution (noise floor) over a rather restricted 40 
range of Fourier frequencies. In order to measure the 
phase noise of a 10 GHz oscillator from 0.01 HZ to 1 
GHz from the carrier would require from 5 to 10 differ- 
ent delay lines or reference cavities Some of the cavities 
probably would have to be cryogenic to obtain the 45 

over a large range of frequencies. 10 

nccasary resolution to measure the b a t  sources that are 
available. In order to have good resolution wing delay 
lines, the radio frequency signals would have to be 
encoded on optical carriers and transmitted on optical 
fibers. This technique is expensive and still falls short of 
the resolutions available with the two oscillator tech- 
niques described below. 

The currently known two oscillator techniques have 
the best resolution over the entire measurement range. 
A typical block diagram of an arrangement to measure 
the phase noise of a precision source is shown in FIG. 1. 
FIG. 1 shows the w of a double balanced mixer 
@BM) 11 receiving an input from a device under test, 
such as a precision signal source, at J1 and a reference 

50 

55 

signal inpit at J2. As-will be clearly understood, these 60 
inputs are interchangeable since it is the phase mer- 
ence between them that is the subject of measurement of 
the system. Both of the signals arc provided as inputs to 
a double balanced mixer @EM) 11, which is connected 
in a manner to cause it to function as a multiplier, and 6S 
outputs the sum and dflerence frequencies of the in- 
puts. As is well understood in the art, a double balanced 
mixer can be made to perform different function& in- 

d d h g  thw Of 8 multiplier, .) hen, OT i~l mplitade 
modulator, M will k discus& klow. depending upon 
the porU to which inputs am 8pplie& 
Since the frequencies of the inputs to the DBM Mer 

only by the amount of phase change being mewrcd, 

rated and the sum frequency signal a n  be d y  mtered 
out by low pnsa filter 15. The output of filter 15 is then 
provided to a bus which is connectable to one or more 
amplifiers which may be of either I dc coupled type 16 
or ac coupled type 17.18 contigumtion and thence to 
spec" analyzas optimized for vuious frequency 
bondk For purposes of &%ration of the spectrpm ana- 
lyzers, a noise reference 19 can be injected onto the bur 

the art Specitically, for measurements where either the 
&vice under test or the reference source is voltage 
tunable, the signal on the bus can be amplified or attenu- 
ated as needed, filtered and fed back to the voltage 
tunable unit to maintain 90 degrees phase shift between 
the signals at the mixer as shown at 13 of FIG. 1. This 
nominally occulg at zero dc volts out of the mixer In 

ing zero. For measurements where the phase of neither 
signal is adjustable, for example, measurements on an 
amplifier, where the reference signal drives J t  and JI 
through the amplifier. adjustable phase shifter I2 is 
essential to achieve the 90 degrees phase shift 

Arrangements such as that of FIG. 1 exploit the fact 
that if the two oscillators (e.g. the reference or carrier 
frequency and the modulation reference frequency) are 
permitted to beat slowly against each other, the slope of 
the resulting waveform at zero output voltage from the 
mixer will have a value. in units of volts per radian, 
which is substantially a constant For small phase devia- 
tions from zero output, the sine of the phase angle (i.e , 
the dc output voltage is approximately linear with phase 
deviation and wil l  be a measure of the phase noise an- 
gle-to-voltage conversion constant in volts per radian 
The difficulty with this approach in the past has bun 
due to the fact that there has bun no precision tech- 
nique for isolating the changes in the slope which were 
due to frequency or amplitude dependent amplitude 
characteristics of the measurement system Specifically, 
there had been no way to achieve a correction for the 

of the lumped frequency and amplitude c- 
measurement system at a particular carrier frcsuency 
and, therefore, no way to derive a high acauacy value 
for a constant relating the output voltage to the actual 
value of the phase noise as a function of Fourier fre 
qucncy offset from the carrier signal. 

The essence of the caliiration of such a system is to 
accurately detcnuine the conversion sensitivity of the 
mixer for transforming small changes in phase into 
changes in voltage as a function of the frequency of the 
phase change. The basic difticulty encountered is that 
virtually any frequency dependent variation in phase or 
voltage in any part of the system will result in a change 
in the voltage output, as is well understood in the art, 
while only those assoCiated with a change due to the 
input phase noise of the input carrier signal from the 
device under test and the input reference source are of 
interest and must be isolated for high-.ccurscy mea- 
surements. This is complicated by the fact that the 
mixer output impedance has both resistive and reactive 
components whose value depends on the drive levels 
and the mixer termination. It is usually possiile to ob- 

the sum and d i f € ~ e n ~ e  frequencies will be widely ~ p . -  

.t 194 85 illusW8t&. in B rrrrrmet Wdl-understood in 

this CBSe, phase shifter u can be set to any value includ- 

. .  
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t8h 8 Very M u n " t  Of thb ph.# COILVQ- d portiOi18 Of the input d p d  led  to p h ,  a d  not 
don for smrll b g u  occurring at a rate of lesr thrn 10 amplitude, moduktion. 
kHz By arefhlly terminrting the mixer in r u i d v e  In accordance with a tortba aspect of the invention, 
lodr it L W b l e  to ukad "mcl up to 40 8 phaae modulator is provided in which, over an ex- 
MHz in some casu with somewhat reduced accuracy 5 tremely wide band of frequcnciu, phase rhitt is adjusted 
and signal-to-noise ratio. The extrapolation to larger within 1 range of frequencies of interest by observation 
Fourier frqucnciu is extremely difficult because the of amplitude variation and is compcn~ted to "ize 
output impedance of the mixer L active and frequency such amplitude vui.tion 
dependent. While high frequency emon in amplitude of In accordance with a yet further aspect of the inven- 
daectcd phase noise are due to frqucncy dependent IO tion. 8 phase modulator is provided where common 
vprirtions in amplifier epint low frquency crrora are devices such as length8 of co.xkl able, w8ve guides, 
due to the phase locked loop. These fads, c~upled with cavities and the like, may be osed in selectable combina- 
the inherent small variations in amplifier grin with input tions with a contiauoualy adjustable device for impart- 

9 y  impoasiile to obtain this c o n v d o n  coefficient 15 de~rresata~ectedinputcuriafrequmcywhichmry 
with an accuracy equal to or better than 1090 (1 dB) Msumev.luesoveranutremclywiderrngeoffrequen- 
over a wide range of Fourier fresuencies c i a  of in- Thh phase Aift of 90 degrees odsure5 
As a solution to this problem, one might envision that the insertion of phase modulation in the measure- 

running one input signal at a high level and sweeping ment system does not r d t  in 8 s i p i k n t  amplitude 
the other input signal while maintaining its level so low 20 component in the output ~~~IuII Moreover, the phase 
as not to saturate the IF amplifiers following the mixer. shift of 90 degrees need not even k measured since the 
Unfortunately the mixer output impedance is a function delay can m d y  k adjusted for a given input carrier 
of the drive levels and running one source at a low level 
changes its characteristics This invalidates the caliira- the output si& thus effectively compensating for the 
tion at the level of accuracy desired Another approach 25 lumped frqucncy dependent characteristics of the en- 
is to insert a phase modulator directly in one of the linu. tire measurement system. 
Hen again, the approaches that have been used in the T h e  and other objects, features and advantages of 
past added a sigdicant amount of noise Many of them the invention will become apparent to persons skilled in 
are relatively narrow band devicu such M cavities, the art in view of the following detailed description of 
which rquire many diverse devices to measure a wide M the invention, of which, the best mode of carrying out 
range of d e r  fnquencies the invention known to the inventor is set out for the 

Still another approach is to insert a reference fn- purpose of enabling the cam" . anduseof the  
quency into the output of the mixer. This approach h~ invention. Thcrcforc, it is to k undastood that the 
oonsiderable merit but is wen more difficult to hple- following description is madc by w8y of example and 
ment since the reference signal must be flat from under 35 not of limitation. 

BRIEF DESCRIPTION OF DRAWINGS 0.01 Hz to over 1 GHz (1 1 decades in frequency). 

imped.nce, fralu-y, and temperature - it *- ing 8 d d&y to provide 8 phase Aift of precisely 90 

frequency until no amplitude vari.tion is O b s e r v e d  in 

FIG. 1 is a block diagram of a conventional two 
oscillator phase noise measurement system. 

FIG. b is a block diagram showing the relationship 
of the phase modulator of FIG. 2 to FIG. 1 according to 

FIG. 2 is a block diagram of a phase modulator in 

DISCLOSURE OF THE INVENTION 
Accordingly, it is an object of the invention to pro- 

vide a phase modulator which inherently adds little 40 
phase or voltage noise to the o v d  system in which it 

It is another object of this invention to provide a 
.~hase modulator of extremely flat characteristics over 

is placed. the invention. 

accordance with the Drucnt invention. 
b e  ranges of frequency.- 

It is a further object of the invention to provide a 
phase modulator operable over a wide range of frqucn- 
des in which signal delay "IS arc "izrd in num- 
bcr and constitution and are of a commonly available 
and economical type. It is a yet further object of the 
iuvention to provide a phase modulator which has little 
effect on the amplitude of the signal presented to the 
mixer of a two oscillator type phase noise measurement 

45 FIG. 3 is a graph o'f the error in the amplitude of the 
modulation signal versus Fourier frequency according 
to the invention. 

FIG. 4 is a graph of the actual calibration correction 
versus the logarithm of the Fourier frequency accord- 

FIG. 5 shows an implementation of the invention 
within a two oscillator phase noise measurement sys- 

50 ing to the prescnt invention used at 10 gHz. 

tcm. 
systan. ,. 

It is a yet Mer object of the invention to provide a 55 
phase modulation signal which is constant with 

modulation frequency in order to correct the measure- 
ment system for changes in ampMer gain with fre- 
suincy in the mesrurement system. 

dance with ow aspect of the invention, by a phase mod- 
ulator which use3 a small portion of an input signal 
coupled thercfiom that is phase shifted and returned to 

The above and other objeots arc satisfied, in 8ccor- 60 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

Fundamentally, the invention iacludu a particular 
phase modulator arrangement. which, when imple- 
mented in a two oscillator phase noise measurement 
system, effectively isohtu amplitude variations with 
Fourier frquenciu occurring throughout the system 
which do not originate from the phase noise being mea- 
sured The phase modulator according to the invention 

' the- input sisnal, thereby " i d n g  introduction 
-thereto of phase noise. 

In accordance with another, more specific. aspect of 
' the invention, a small portion of the input signal 

shifted by 90 degrees SO that amplitude VariatiOM in the 

also pamih caliiration of the sys& to achieve this 
65 benefit over an extremely wide band of frqucncies 

The phase modulator according to the invention is illus- 
trated at FIG. 2. FIG. 2 basically shows a phase 
modulalator which preferably includes a connection 
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between the input and output whch mcludu two 
directional couplers and a signal processing path 2% 
The arrangement functions to extract approximately 1 
to 10% (-20 to - 10 dB) of the input signal, process- 
ing that extracted signal and to couple the processed, 
extracted signal back into the input signal. causing 
virmally no amplitude alteration of the input signal. 

The basic concept of the new ultra fiat, low-noise 
phase modulator will be described in detail with partic- 
ular reference to in FIG. 2. A small portion of the input 
signal, typically - 10 dB to -20 dB, is coupled out of 
the input signal using a directional coupler 21. The 
coupled port is terminated with an attenuator 29 or 
perhaps an isolator or circulator in order to obtain the 
b u t  directivity. This attenpator tunctiona to e l imi~ te  
resonanceg reducing the standing wave ratio (SWR) to 
a negiigiile level This signal is then applied through a 
dc coupled variable attenuator, including fired and 
variable delay means such as phase shifkr 22 and pad 27 
to aid in stabilizing the attenuator input impedance. A 
bi-phase attenuator such as a double balanced mixer is 
well suited to this task. Mixer 24, in this case, is con- 
nected in a manner to provide amplitude modulation of 
the d signal by the reference frequency. The ampli- 
tude modulation due to element 24 could be provided 
equally well by a variable amplifier with the gain 
greater or less than one. The phase shifter 22 is gener- 
ally just a plurality of pieces of coax cable, wave guide, 
dielectrically loaded wave guide or other commonly 
available delay devices, which are switchable or adjust- 
able to provide the amount of delay or phase shift de- 
sired. 

The signal is applied througb a further attenuator or 
pad 26 and then is coupled back into the main signal 
using another directional coupler 28. By adjusting the 
phase shift it is &sible to make the small signal coupled 
back into the main signal to be exactly 90 degrees out of 
phase with the primary signal Smail amplitude changes 
in this coupled signal then lead to phase modulation and 
not amplitude modulation. 

In particular in the preferred embodiment, if the vari- 
able attenuator is a double balanced mixer, the smal l  
signal coupled back into the input alternately varies 
from +90 degrees to -90 degrees out of phase. This 
can be visualized by considering the mput signal as a 
large vector and the signal coupled back into it as a 
smaller vector switching back and forth between +or 
-90 degrees out of phase therewith. As long as the 
signal coupled back into the input signal is compara- 
tively small, which condition is established by the direc- 
tional couplers, the magnitude of the resulting vector, 
corresponding to the signal amplitude, will be substan- 
tially identical to that of the input signal and phase noise 
will be entirely represented by the phase of the vector, 
the variation in which will be virtually unchanged with 
respect to the input signal vector, producing the desired 
isolation between the phase noise being measured and 
the amplitude vs Fourier fresuency variations of the 
measurement system. 

The modulator of the invention preferably operates 
on only a very small fraction of the input signal which 
inherently leads to very small added noise The insertion 
loss typically is less than 1.5 dB which is low enough 
that it generally has little effect on power necessary to 
drive the mixer properly This is important, since, as 
pointed out above, the mixer gain is, in part, dependent 
on input signal amplitude, and, thus, the insertion of the 
phase modulator in the signal path has little effect on the 

ultimate resolution of the sGtem Increasing the vdue of 
the extracted signal would permit larger phase v& 
tiona of the output signal at the expense of increasing 
the inaertion loss, Le., reduction of the amplitude of the 

5 output signal For inatance, in an application of the ph re  
modulator of this invention for compenspting the phase 
variation of a power ampMer it may be duirable to 
increase the value of the coupled signal up to 50% of 
the input signal power to ob& sufficiently large phue 

10 variation in the output signal notwithstanding inseition 
loss. The design used here hrs been demonstrated to 
work over a very wide range of carrier frequencies up 
to at leut 300 to 1 thereby greatly reducing the com- 
plexity required for a B e n d  purpose machine The 

15 d t i n g  phase modulation signal is inherently very tlat 
for moddation frequencies from dc out to 5 to 40% of 
the d e r  frequency. The exact performance depends 
on the quality of the components. Moreover, the hard- 
ware necessvy to implement the invention are standard 

ularly as applied to radio frequencies and the micrcb 
wave region of the spectrum, similar arrangements are 
applicable to devices operating at virtually any fre- 

The invention permits measurement of the phase 
noise of such devices with a resolution of approximately 
0.2 dB and an accuracy of better than 1 dB over a much 
larger bandwidth than possible with any previous preci- 

The simplicity and effectiveness of the arrangement 
of the invention may be appreciated by noting that by 
observing the amplitude modulation, the phase shift 
may be adjusted very accurately so that the induced 

35 amplitude modulation at given Fourier frequency f is 
from 20 dB to more than 40 dB below the induced phase 
modulation at Fourier frequency f. In other words, the 
system may be accurately calibrated using the technique 
described below by adjusting the delay at phase shifter 

40 22 at a particular m e r  frequency to a value where no 
induced amplitude modulation at f is observed In this 
case the modulation on the signal is very accurate phase 
modulation at a Fourier frequency f. It does not particu- 
larly matter for this use whether there are other har- 

45 monics of the modulation signal present or not. The 
variable attenuator can be made IO operate from dc to a 
very large frequency. h many ca.. the upper limit of 
the modulation frequency a d s  WO of the input 
carrier frequency rather than a practical limit of 1- 

u) than 10 KHz as noted above for the lowest noise floor 
(best signal to noise ratio) or 40 MHZ in general applica- 
tions. 
FIG. 3 shows the error in the amplitude of the modu- 

lation signal versus Fourier fnsueacy in units of per- 
55 cent of the carrier frequency The curve labeled 4!i GHz 

depicts the results on a phase modulation realized in an 
embodiment of the invention coastructed with WR 22 

is the result on a system with the delay structure fabri- 
60 cated in coax which should operate equally well from at 

least 4 to 18 GHz. The curve labeled 5,10,100, and u)o 
MHz are results from a single modulator tuned up for 
the various frequencies by adjusting o d y  the phase shift 
22 in FIG. 2 to achieve + or -90 degrees, i.c, mini- 

65 mum amplitude modulation. This modulator operates 
from 5 MHz to about 1.5 GHr In all cases the compo. 
nents are readily available With components whifh 
have lower voltage standing wave ratio and more direc- 

20 devices which are readily available. 
Although this embodiment has betn described partic- 

25 quency from sub-audio to optical frequencies. 

30 siontcchniquc. 

’ 

wave guide (33-50 GHz). The cwc label& 10.6 GHz 
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tivie in the dinctionrl couplers, the results should be m 
flat r r t h  shown for S MH3 for dl ficsucncia up to 
40% of the curier S i g d  frrqumcy. 

Uoit18 thae moddamn to provide a p h  mod&- 
tion signal that is flat over the Fourier frcquenciu of 
mtaeSt, one can d y  caliirate the relative senaitivity 
for converting smrll p h  changes to small voltage 
changes of the mira in conjunction with the various 
rmplitk3 following the mixer, their as8ocinted spec- 

nccting cables A tvpical caliiration c o d o n  curve at 
10 GHz is shown in FIG. 4. The absolute d t i v i t y  is 
then detarmn ed at one frequcncy with the dc coupled 
amplifier by allowing the two oscillators to beat slowly 
and " r i n g  thebeat period and the slope through the 

to 2% (0.1 to 0.2 dB). The large correction at low Fou- 
rier kequenck compensates for the effect of the phruc 
locked loop while thosc at high Fourier &cqucnM 
compensate for frequency dependent gaiu variations of 
the ampiitier, The precision for this total calibration is 
about 0.2 dB using existing equipmeat, however the 
concept is valid for obtaining even better results. 
An interesting feature of using the double balanced 

mixer as the variable bi-phase attenuator is that the 
amplitude of the transmitted signal asymptotically a p  
proaches a maximum value that is independent of the 
amplitude of the driving signal. This helps make the 
reference phase modulation relatively independent of 
small changes of the amplitude of the reference signal 08 
it is swept over the range of Fouria f r e q d  of 
interut. 

the mixer input impedance is stabilized, either by always 
maintaining the same drive level or using a small attenu- 
ator betwan the phare modulator and the mixer, the 
modulation phase angle is constant and can k used as a 
calibration standard without any other measurements. 
Such a device can then be used to provide an abaolutc 
calibration for other phase noise measurement systems 
even single oscillator systems that otherwise lack accu- 
racy but have adquate resolution. For this w it is 
important that the modulation signal k free of ampli- 

- d y z a ~ ,  the phase lock loop, & CVUI the COU- 

~ c r o s s i n g . a s ~  abow with an accluacy of 1 

If the directid couplen have good directivity and 

S 

10 

15 

20 

25 

30 

3s 

40 

tu& modulation to at least - 1OdB below the phile 45 
modulation since the detection of the amplitude modu- 
lation si@ depends on the degree of saturation in the 
mixer, as noted above. 

A bloek diagram of a two oscillator phase noise mea- 
surement system including the phase modulator of FIG. u) 
2 is sbowa in FIG. lo. Phase modulator 20 is iwrted 
into the input line from input JZ, by meens of directional 
couplers as wiU now k described 
A derailed schematic of the present invention is illus- 

trated at FIG. 5. It will be realiKd that FIG. 5 shows 5s 
the use of the modulator of FIG. 2 in substantially 
greater specificity aud detail inserted into the overall 
arrangement of FIG. 1 The phase shifts noted in legends 
of FIG. 5 M delays equivalent to stated phase shifb in 
degrees at 5 MHr The reference input is provided to 60 
directional coupler 51, connected to an attenuator to 
'&prove dirtctivity, as noted above and, thence, to an 
adjustable phasc shift 52s and a compensating delay 
5% The phue SbiAa 22 of FIG. 2 is illustrated as 
embodied 08 a series of waveguides or coax S 5 & r  6s 
w h  portion of which related to the delay provided by 
an adjacent section by a factor of two and is provided 
with a rlect.ble shqnt such as at 55. 

It should be noted that, k FIG. 5, switchable lengtlu 
of cou a b l e  are used to provide the major amount of 
Si& delay. Of course it will be realized that other 
adjustable phue delay devices can be used. The small- 
est switched delay is made somewhat d e r  than the 
amount of delay available in a continuously adjustable 
manner at S h  An overall shunt of this delay mesas is 
provided at 54 'This shunt is convenient for calibration 
of the Mangemat since each of the switches 55 is 
somewhat lossy and provision of shunt 54 yields sub- 
stantidy higher calibration accuracy th.n merely clos- 
ing all of switches 55. Shunt 54 is .Is0 useful at higher 
~ u c n c i u  (e.g. in the gigahertz range) where adjust- 
able delay Sh will be sufacient to obtain the necusary 

The ramindm of the phme modulator of FIG. 5 
followa that of FIG. 2 The input (Jl) branch of FIG. 5 
includes a matched delay arrangement similar to that 
provided in the p h w  modulator. The selectable tixed 

nation with continuously adjustabk delay 53 assure that 
an exact p k  shift of 90 degrees can be obtained as 
shown in FIG. 1 when testing passive components or 
other units where the frequency cannot be conveniently 
adjusted. When testing voltage adjustable oscillator the 
phase lock loop (PLL) output is used to maintain 90 
degrees at the mixer as explained above. The input 
signal can be monitored by the w of directional cou- 
plen symmetrically arranged in both input branches as 
illustrated at Jl.2 and Jl3. 

The arrangement illustrated in FIG. 5 provides a 
system that operates over carrier frequencies of 5 MHz 
to 1 3  GHz. S i  s y s t e m  covering 4-18 GHz and 
33-50 GHz have also been tested. It wiU k evident that 
FIG. 5 essentially illustrates an o v d  system fimitu to 
FIG. 1 but as an implementation including the phue 
modulator according to the present invention, enabling 

It should also be evident that a simple servo system 
could be used to automatically adjust the phase shift so 
that the induced incidental amplitude modulation is 
"ud This could k d m  at the beginning and 
verified at the end of the calibration cycle. This could 
be achieved by detecting the amplitude modulation at 
J13 with a synchronous detector referenced to the mod- 
ulation signal. The mor signal is then used to drive the 
modulator phase shift to minimite the amplitude modu- 
lation 

The improved phase modulator according to the 
invention could be used as &e key elanent in new phase 
noise measurement systems It uniquely provides the 
capability for measuriag the phue noise with 3 to 10 
timu the accumcy over a Fourier frcqucncy bandwidth 
that is decades larger than presently available systems 
The design is iuherently easy to monitor and utilize 
using computer control. 
A second use is as a calibration standard that is used 

in conjunction with present systems that have much 
lower accuracy. For insunce, the typical uncertainty of 
the present commercial analyzers is 2 to 6 dB. At pres- 
ent, there arc numerous measurement applications for 
which this degree of uncertainty renders them unsatis- 
factory. Instrument-to-instrument variations on the 
same order of magnitude are also typical throughout the 
industry. The phase modulator of the present system is 

manufacture or by retrofitting the invention into exist- 
ing devices for many commercially available instnr- 

phMe ShiAS 

d & y ~  W-56n' Which uc switchbk at 55'. in combi- 

the enhanced performance indicated above. 

. .  . 

well-suited to providing all upgrade, either in initial 

' 
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menta since it may k directly subatitutal for porti'onr of 
the circuitry, u illllstrrrted by comparbon of FIO. 1 
with FIG. 5, without alteration of the hardware uchi- 
tecture of the instrument itself 

This bmic phase modulator CUI rlso be used to cor- 
rect the added p h r t  noise of power amplitiera where 
the added phme aOire is detected using a standard 
Scheme similar to FIG. 1 and the output signal trom J3 
could then be used to drive a phase modulator such M 
shown in FIG. 2. This approach hu many virtnes since 
it adds virtuaUy no noise and the active pur of the 
modulator carxia only a very 4 portion of the total 
signal. ' I l i a  has been tested using a double balanced 
mixer a8 the attenuator, however the alignment was 
difkuit. The we of a linear attenuator would gratly 
improve ita performance. 

From the foregoing description of the invention and 
the preferred embodiment, it will be undmtoad that a 
p h r t  modulator capable of extremely flat performance 
over a wide range of carrier frquencies haa been prc+ 
vided which introduca a negligiile amount of phase 
noise into any system in which it is included by extract- 
ing a small portion of an input signal, phase shifting the 
extracted portion by 90 degrees, amplitude modulating 
the small extracted portion by a reference frqucncy in 
a double balanced mixer and reinjecting the processed 
signal into the input signal. The modulator so provided 
has the added feature that the phase shift may be 
achieved by delay means which may be fabricated from 
well known, readily available and inexpensive materials 
and a single delay medium, such as wave guide, dielec- 
t r i d y  loaded wave guide, coax or other delay device, 
is made applicable to a wide range of frequencies. Cali- 
bration at a given carrier frequency inherently compcn- 
satcs for lumped frquency dependent gain and phase 
variations in the entire phase modulator. 

Having thus fully described the invention and ex- 
plained numerous possible applications thereof, it is 
evident that many variations and other applications of 
the disclosed invention will be apparent to those skilled 
in the art without departing from the spirit and scope of 
the invention disclosed. Therefore it is intended that the 
foregoing description be taken as being by way of exam- 
ple; the scope of the invention being limited only by the 
appended claims. 

what is claimed is: 
1. A wide band phase modulator having an input 

signal path receiving an input signal, comprisiug 
fmt coupling means for coupling a portion of the 

input signal out of said input signal path, 
adjustable delay means for phase ShiAing said portion 

of said input signal by 90 degreu at a range of 
frequencies of interest to provide a phase shifkcd 
portion, 

modulation means for modulating the amplitude of 
said phase shifted portion of said input frquency 
with a reference frequency source. and 

second coupling means for coupling an output of said 
modulation means into said input signal path. 

2. For a phase noise measurement system, a method 
for detecting frequency dependent variations m the 
response characteristic of said noise measurement sys- 
tem over a wide band of frequencies comprising the 

extracting a small portion of an input signal, 
phase shifting the extracted portion by 90 degrees, 
modulating the amplitude of the phase shifted signal 

steps of 

with a reference frequency, and 

10 
reiqjecting the modulated signal into the input sign4 
multiplyiug the input signal with a reference fre- 

quency signal, and 
low-pur Altering the result of mid multiplying step, 
whereby a waveform at the reference frequency is 

produced having constant amplitude for reference 
fresuencies from infnsound frquenciu to approx- 
imately 40% of a carrier frquency of the input 
signal. 

3. The method of claim 2 wherein the power of said 
small portion "ctcd from said input signal is up to 
mi of the power of said input signal 

4. The method of claim 2 wherein the power of said 
d portion extracted from said input signal is qual  to 

5. The method of claim 2 wherein the power of said 
small portion extracted from slid input signal is less 
than 1% of the power of slid input signal. 

6. A method of improving, over a wide range of 

5 

10 

15 or less th.n 10% of the power of said input signal. 

20 frequencia, phase noise performance of an electrical 
apparatus including a phase modulator having applied 
thereto an input signal, including the steps of: 

extracting a portion of said input signal applied to 
said modulator to provide an extracted portion; 

phase shifting the extracted portion by 90 degrees to 
provide a phase shifted signal; 

amplitude modulating the phase shifted signal with a 
reference frequency signal to provide a modulated 
signal; and 

reinjecting the modulated signal into the input signal. 
7. A method of improving, over a wide range of 

frequencies, phase noise performance of an optical ap- 
param including a phase modulator having applied 
thereto an optical input signal, including the steps of: 

extracting a portion of said optical input signal a p  
plied to said modulator to provide an extracted 

phase shifting the extracted portion by 90 degrees to 
provide a phase shifted signal; 

amplitude modulating the phase shifted signal with a 
reference frequency signal to provide a modulated 
si& and 

reinjecting the modulated signal into the input signal. 
8. A wide band phase modulator having an input 

tirst coupling means for coupling a portion of the 
input signal from said input signal path; 

adjustable delay means for phase shifting said portion 
of said input signal by 90 degrees to provide a 

modulation means for modulating the amplitude of 
said phase shifted portion of said input signal with 
a reference frquency signal; and 

second coupling means for coupling,an output of said 
modulation means to said input signal path. 

9. The wide band phase modulator of claim 8 wherein 
said fint and second coupling means comprise respec- 

10. The wide band phase modulator of claim 8 further 
60 comprising attenuator means for reducing an amplitude 

of said portion of said input signal coupled by said 
coupling means. 

11. The wide band phase modulator of claim 8 further 
comprising attenuator means for reducing an amplitude 

65 of said phase shifted portion of said input signal phase. 
12. The wide band phase modulator of claim 8 further 

comprising attenuator means for reducing an amplitude 
of said output of said amplitude modulation means. 

2S 
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portion; 
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45 signal path receiving an input signal, comprising: 

50 phaseshiftedportio~ 
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l 3 . T h t w i d e b P n d p h w m o d u h t o r d o l d m l l  
wherein d modul.rion “a includes 8 mixa for 
mizing uid phuc shifted portion of said input Fre- 
qoency with said refmnce trespmcy sisnrl. 

14. Tbe wide band p h w  modulator of claim 8 

(ii) adjuruble delay m e w  for pbne shiwng said 
portion of said first nferrnce s i 4  by 90 de- 
grea to provide 8 phrw shifted portion, 

(ii) modulation means for amplitude modulating 
said phrw shifted portion of said Ant reference 
Sigd with 8 -d RfermCe “Cy si@, 
2nd 

(iv) second coupling mearu for coupling an output 
of said modulation means to said input ri@ 

for combiaing srid test si@ from said 

from said modulator to provide an output si+ 
17. The wide band p h w  n o k  mawrcment system 

of ckim la, * comprising ~ dm 
18. The wide band p h w  n o k  “ n e n t  system 

of c k  16, fLrtha comprising a low filter receiv- 
ing said output signal from mid mixer means and pro- 

5 

whaeia ssid adjustable delay manu c o m p h  8 ph8ac 
shifter c irdk 

15. Tbe wide b.nd p b  modul.tor Of C- 14 10 pIth to prOvide 8 third RferenCe Si& 
wherein srid phuc shifkr circuit Comprises 8 saier Of mixer 
t ” h i o n  lines md means for selectively byprssing 

marnvinQ a p h w  nobe of an teat signal, inciuding: 

input si@ alc8na pnd s8id tbird reference Signd 
ha. selcctedonesofsaidtram” . .  

16. A wide brnd phpse noise measuranent system for 

input signal meana for receiving said test si& 
a m o d h e  hiving 

d h g  said output signal. 

input si@ path & h g  a 
fint reference signal, said modulator including m vidirrg 8 mtmd output s i d ;  .~d 0 coupb$ mesas for couPlkrll a poition Of 8 specrrum analyzer - h g  said filtered output 
the first reference signal from mid input signal 
Po* 

si@. 
. . . . I  
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