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Abstract 

M e a s u r i ~ ~ g  t.l~c plinsc flr~ctuat,io~l betweell a pair of low-power 111icrowin.e sigrials, 
tile sigrlals mist l ~ e  at~iplifieti 11cfore dctrrtion. It1 such cases the p l ~ i s e  noise of the 
ri.n~l~lifirr pair is Llie ~r ia i r~  c;lrrsr of  1 / j  I1d.ckgrou1~1 noise of the illstrullierit. This 
a.rticlc 1IroI)oses a, schcnlc that t~lalces al~ipliiication possible while rejecting the 
close-ill 1/ j (flicker) ~ ~ o i s e  of tlie t\vo i~.~nplifirrs. Noise rejection! which rrlirs 11po11 
t . 1 1 ~  ~ ~ n d c r s t a n d i l ~ g  ol' illr iui~plificr noise n~ccl~; i . t~isn~,  docs not require averagi~ig. 
'I'l~ereii-)~,c, orlr schetue cart also 1,r t l ~ c  t1ctcc:tor o l  a closed-loop noise reductioll 
syst,r~il. The firsi. p~.ototype. coinpa.red t,o ;I. trn.ditiolla1 snt,urated mixer systeln 
u ~ l d e l  Llic s;rn1c1 co~~clilions, shows ;I 21 dl3 lioise redrtclimr ill  the l / f  regioll. 

1 Introduction 

Pliase noise is col~vet~t.io~li~lly ilescril,ed in tcrrrls of tlie 
power spectral rlciisity .SF(/)! \vliirl~ r-rfers t o  the rep- 
r e e i t i o ~ i  ( )  = 4 I + ( )  c s [  ( )  q( t )  
,itid c t ( t )  ;ire t.lle pllilsr i~rld ;tiliplitucle f l t ~ c t ~ ~ a t i o ~ l s .  
sll, = 2nrjo is tllc carrier ;111g11lnr freque~icy. ant1 f is 
I,lle Fourier frecluency. I t  is ;I co~lllnoti prnrtice to tilea- 
sure q ( l )  with a double-l)ala~~cr(i Sc.l~ot.tky-(liod~ ~nixcr  
i ~ s  t,hc phase-t,o-voltngr rollverter, colnpnring the sigli;ll 
t o  a referettre. Yet, l l ~ e  ~ n i x r r  rlccds power to srtttl- 
r i~t  c ,  a n d  amT>lifi(.;~t ion l~r?c.olllc~s ~lcc.c.ss;rry il' the sig- 
nitls are srrlaller tliarl O-5 clH111. 111 the ca,se of sigrials 
distrihuted over optic;i.l iikw1.s. tor cxanlpie, tile o ~ ~ l -  
put power. of a piiototletector can be -20 dB111 or less. 
r.ec11riring further al~lpl i l icat io~~ I)ctorth t hcy nrc fed to 
t he  ~llixer. Tlie cluit1.1.z rcstrliator, wl~ic,ll has a typical 
tlissil)at,etl pourrr ol' 2 0  iiU111, i.s second cxnlllplc of 
low-l)owe~. applicatioti. A I I  ~ l . i . l ~ c ~  r x t r ~ ~ ~ p l e  is tlle wliis- 
perinl?; gallcrp reso~~ator..  1,11~11, c;111 11c 11sec1 ilt a powcr 
;IS loiv ;IS -51) dBm w11el1 tile 111cdilun-tcrill st;ll)ilit.g 
(10.' s )  is re l r \ ra~~t .  Of c.orlrse a.lnpiifirrs flicker, wl~icli 
tur-tis out to  be t , l~e 1iliti11 I ~ ~ C L I S I I ~ ~ I I I C I I ~ ,  liniit nt low f .  
This limit is even ]nore sex7el.~ i f  1)(-1i,li tile signal atld the 
~.rfcrcnce nlust he  tunlplified. \VP ol~sc~.vrrl that the llf 
~loise of boili urrcplzfie~-.s call Ile e l i~i~inntcd usirlg ari ill- 
ter-f rorrletrir (bridge) s t ~ h c ~ n c  insteitd of tlie saturated 
tilixcr. 111 pragnlatir tcr l i~s  llir Illork iliiigram chtrl~ges 

\,rr-y little: a l ~ b r i d  junction, wllich generates the suril 
and  t . 1 1 ~  difference of the two input signals, is inserted 
11~tween the sources and thc amplifier pair. 

Before getting into technical topics, we wish to ~ n a k c  
c , l r i~~.  that  our npproa.cll is only effective with flicker 
l)ecar~sc it exploits the pal.t~nlrt,ric origin of this type of 
rloise. Accepting this l i r i~ i ta t io~~:  t l~ i s  article a~inlyzcs 
only tlie flicker noise. 

2 Flicker noise in amplifiers 

Unders tand i~~g  t,hc close-it1 Bicker noise in xnicrowave 
a.nd ItP amplifiers starts frorii the silr~ple observation 
tllnt the output spertrurn is ot'l.llc white type----8a.t ill a 
\vide frequency range---wliei~ t.11~ carrier power is zero, 
illltl that  the close-ill ~loise 1)c.c.orncs visil)le when a snf- 
liciently large carrier signal is prese~lt a t  the atnplifier 
( .~ r~ t l ) l~ t  (Fig. 1). Observi~ig \\,ith a spec t run~  a~ialyzer 
t l ~ e  o~ltplit  an alnplifier iil[)ut. l r~ . i~~i t~ i t l , e ( l  fro it resitor, 
ttirrc is no reason for close-in rxrrss noise t o  apprar, 
;iroutid ally fi.equcncy. 'l'l~c o1)vious colisequellce is that  
i.hc close-ill Hicler l~oise results fro111 a piirarnct,ric cffect 
1)y wliich some near-dc flicker phenotnena modulate the 
c itrricr in a~nplit.itde a ~ l d  pllase. 

r 7 l lre sirllplesL ~riotlel for t . 1 1 ~  lioisc up-rollversion is a 
 loi ill in ear tra~lsfcr f~ lnc t io l~  t r -u~~ca ted  t o  tile 2nd ortler. 



no carricr parametric 

v,(t) = v,cos(w"t)  vo(t) = V" cos(w,,t) 
+ noisc 

A M  PM 

Figure 1: Parametric up-corlvcrs~oli of near-dc noise is 
the meclianism respollsillie for tlle close-in noise ill lZF 
and tnicrowave alnpliliers. 

contains the carrier ancl the intertially gerierated 1lc;tl.- 
dr  noise. Tlle latter is urrittc11 r ~ ( t )  = n l ( t )  - 1  j t z U ( t ) ,  

where the real part r r l ( l . )  ~ n o d \ ~ l a t e s  llie arnplitlrdc, a r ~ d  
the imagillary par1 j r l l ' ( t )  r~lodulates thc phase. Ka.tlier 
t h a ~ l  being cnsy-to-identii'v voltages or cr~rrel~ts ,  ~c'jt) 
and r l l l ( t )  are abstract mntlorri signals that  also itc- 

coullts fbr tlie efficie~rcy of the triodulation proress. 
Combii~i~lg (1) arid (2) and selecting the terrns close 
to  the ca.rrier freqtlericy wll, we get 

For the purpose of tllis articlc it is corive~icnt to rewrile 
thc analytic output signal ( 3 )  â.; tlie real sig~lill 

wit11 a,,(t) = mrrl(t), y,,(t) = mrll'(t), and 7n1 - m" = 

m = 2a2/nl.  Reierring to a specific amplifier (Figures 2 
ilnd 3), the wtbscript TI will Ile replaced wit11 n o r  11. The 
peak amplitude V, is used instead of tlze rnls i~tnplitucle. 

Deriving (4) :  the statistical properties ol' ,rll(t) itlld 
nl'(t) are not affected by thc ca,rrier power. Tliis nr- 
rourlts for tlie experi~ue~ll.al ol~servation tliat the arilpli- 
fier phase rioisc give11 iri rndVHz is abor~ t  irldepelirlerlt 
of power in a wide ritllge [l. 2, 31. 01 course, sollie 
depetldetice on power 1-elnixins. We ascribe it to liigilc~. 
order (> 2) terms o l  (1): alid t o  the cllangr of dc hias 
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Figure 2: Scheliie of the saturated-lnixer instrument for 
thc ~lrei~surenlellt of phase noisc, iltli*l)ted t o  low-power 
sigllals. 

occurri~~g. ill lixrge sigrial reginlc: wliicl~ i l l  turns affects 
l.lre 1iea.r-clr rlnise. 

I11 sun111ia.i-y, we IISP E(1. (4) wit11 the statisticnl pro11- 
erlies of rtl(t) allti nl '( t)  irideper~der~l of tlie sigrlal a.5 

the l~lodcl of tlie a~liplifier ~ioise. With cotllulcrci;tl 111i- 
crowa.ve amplifiers, the flickcr noise eilcls u p  t o  br nf 
-100 to 110 dI3rttd"Hx ;\,I. j - 1 Hz off t h r  ri~rrier-. 

3 Saturated-mixer as the phase 
detector 

The sixtr~r.iiied-111ixer for the ~neasuretliellt of low-power 
signnls .iclinne is showt~ in Fig. 2. Tlle left-hand par1 
of tlle figure can ti+l<e cliffcrcilt fortrls, rieljerltli~lg on t.he 
device tinder tcst.. For exa~~ip le ,  t,llere can he tmo dp- 
vices ulider tesi (DLJ'l'); olle ill each arlll: or two detec- 
tors rotrvertilig some signal illto a micron-nvc citrrit!~.. 
We tbcus our. atte~itiotl 011 the p1lasc noise I1leasiu.e- 
irient, of tlre two signills ~ ( 1 , )  and s ( t ) .  rire assllme that  
they nrr ol' equal power. and that t l l ~  two amplifiers 
are equal and iildepe~iilent. In n.ddit.iori, tile a~riplifier 
gaill ( a l  = b l )  is surll lliai tllr two mixer ir1put.s are 
propcrly saturated (- 1 0  dRlri in lnost rases). Sctlitig 
tile pl~asc sliifter for n ( t )  i l l t ( l  b(i.) t o  IIe it1 cluadral.itre, 
t h e  detcrt,ed output sigllal is 

wliere the g i n  k p  is ol' tlle ordcr of 200-300 ~riV/ra,d 
for rrlost Schotl,liy-c.liotle tloul~lc-l~ali~ricrti rl~ixers. I'br 
a r l~ur~l)rr  of technical re;rso~ls. 1.111 to some 4U G H a  oulv 
this type of  mixer is useti i l l  practice. 

Tlie I ~ a c k g r o ~ r ~ ~ t l  r~oise ol  thc illstrunlent, in the all- 
senre of the LILT, is 

Low-noise rllicrowave ~ t ~ i x c r s  arc available. for 
wllicll ttlr 1-Hz flickcr is sip~iificil,~ltly lower thixn 
1 2 0  d R r a d 2 / ~ z ,  Sol. 1 .h~  1r1ixt.r rloisc tlirlls out to be 
iiegligihle as: corllp;trrd to the rioise of t.hc t,wo arrrpli- 
iicrs. Ac.corciing lo (lie flickcr nclisc nlodel of Sec. 2, 
we expect a backgrourltl H~rkrr  twice bile i~o is r  of one 
arr~pliher, miil irr~lepeilderit of the signal power. 



T h r  signal-to-l~oise ratio is detirleti as i,lir r.; l t , io~f 
the power of' the uscful sigrral. i.e., t.hc DUT noise p;, 

- 
divicied b y  1 . 1 ~  power of tllr l):~ckgroiii~d noisc, p: + - 
pi. This villi Ire writtrrl ill terills c ~ l '  powcr sprct,nllil 
drnsit,ies a,s 

SNH = 
s,,iiS) 

*%7<,(f) -1  >YqO(f) 

Thc rcader sliould not take t he ; i l ) i - ~ \ ~  collcl~~sion too 
literally I~rt.n~isc t81ie riijsers arr sei~sit.ive to at~~plit . t~tlc 
t~oisr tlirougl~ ;I power-to-dc-offset co~lversion 111ec.1ia.- 
nisrrl 141. I t  is i,llrrrforc possible tllai the roi~tainiila- 
tiori frorn amplitude ~ ~ o i s c  cxrccds tlie arl~pli[ier fiicker, 
a.lthough it hardly ha,l)pe~ls in the e\rergda?; experiencr. 
Otl t,he other. Ilktrid, t,lltl A1.l 11oisc co~ltnllliilatioil is olle 
of tlir ~tli~,jor. seiisitivity l i r ~ l i t . i x t  i n t ~ i  w1ir.n correl:t,i ion is 
11seil t,o n.ci!~ce t.hc noisc of 3. sat.~r~.at,eil-r~~ixcr syst.err1. 

4 Interferometer 

'The scheiuc of t.lie irttrrl 'crnr~~ctri iioise t~ieasrrremcnt 
systclti ati;i,pted t,o t,hi> iiieasi~re~~lerrt of laxv-~)o\ver sig- 
lials is sl1i.1~11 ill Fig. 3. AS \vit.Il the sa.t~irateil ~nixcr ,  
the left-hand part of' t hi. tig~rre ca.11 b a k e  ilifferciit forlns 
rlut tl isc~~sscd liere. Tlic gcri~ral ti~eorv, the desig11 
gl~ideliiies and tllca experi~~lrrrtnl ii.sl~c~c~t.s o l  tllis typr 
of iiistrl.~rrlrnt nre exte~~sivcly discussed i l l  Rcf'. [5 \ .  T l ~ c  
iulnlysis providtd ill  this Sectiol~ is therefore li111il.ed t,o 
tlie ctfcct of tile atnpliher Airltering on thc i l ~ s t r ~ u r ~ e i ~ t .  
l>>~ckgro~rr~d ~iojse. 

, , 1l1e vat.i;tl~lc ntteiiua,tiot~ anti plii~se s11il't a r t  set, 
equal to  tlie LIITT: lor the [<~.rrier is strl>pressecl a t  t,lle 
A port of tlit. l~yl>~.iil  j ~ r r ~ c . t i o ~ ~ .  All t , l ~  carrier power 
goes to t,hc C port a .~ id .  t l f tc~ i~nil,lifjcation, prirnps 
the riiiser. T l ~ e  D17'1' iloise s i d e l ~ a ~ ~ t l s ,  not a.ffecteii 
tlie cal.ricr S I I ~ ) ~ I . C ~ S S ~ ~ ~ L I  111ecllai~isiii. it1.e prrsrrlt a t  the 
output o l  t,hr hybrid. l1;11I' polvcr a t  each pori,. T11t 
D17T ~~oisc- pt.csclit at tlic A purt is ai~lplifirci n11c1 sytx- 
rhrono\~sly co~ivcrtrd to  cic. 

I,ci 

s j t )  - 1 ;, [i.o::wl)t I- i ~ , ~ ( b )  cos slit - ( t )  I i ]  ( 8 )  

t 11r signals at, tllr i~iput  of tile i~?;l)rid ~ ~ r ~ i c t i o n .  Tlie 
sui~script il st.alids for DlJT. 'i'he t,erin t cos(slllt + 11) 
iic.corriits for in~prrfer t  i i iat(.l j i~~p nf t l ~ r  r .  triiii s a.rlus, 
llcnce for tlre 1.esid1iia1 carrier at. the A port. 'l'lle a1111)li- 
tutle tr and the pllasc 19 ;11.c the ralitlc1111 outcoii~e of the 
ndjnstriielit. IT'c ;tssuirle tlre ~,csirirr;ll c.i~rriel. is sniall 
(0 < 5 << 1 )  ixrlci 11a.s rit~ldorii plii~se (O j ,I'l < 2n): 
anil that  i t  is I orist,niit tl~ri-irlg the ~~ieasr~rc~i l~ci i t .  'I'lle 

signals a t  tlre Iiybrid ontplit are , 

The fi~ct,or I /& is due to rntrgp conservatioil. Tlie 
iietecbcd signs1 rail be calculated wit11 negligible error 
ta.king t - 0, wllicli irleatis tlla.1, t,hc ciirricr is perfectly 
sul~pressed. n~kirlg provisiorlally rioise-free arripliliers, 
I hc rilixcr input sigllals are' 

The local oscilla.tor (LO) signal [ b ( t )  in Pig. 31, also 
relrrre(l i3.s pnrnp signal, call I)e eit,ller. b ; ( t )  or b , ( t )  
iieperlding or1 the choice 0 1 '  -(. Tllc syst,erll detects the 
ill-phase (AhI) iloise if y = O ,  a ~ i d  det.ects and the 
(/!~i>ilrat~lrc (Ph.1) lioise i f  7 = 7r/2 (90"). 

Taking provisio~~ally n prrfcrt m~iltiplier as the 
niixer, the detected siglial is 

The trivial t'art,or iJ = 1 Vp' is introduced ior t,llc rc- 
snit to 1lda.e the 1)hysical dil~~eiisioii of a. voltage. Tllr 
c.olivolutiotr wit,ll t,llp low-pass fi~nctiori h l , ( t )  filters 
out tlre 2wii products, a.rid t,>.ltes in o111y tlre riear-dc 
terrrrs. 111 this case, the effect of "* l ~ ~ ~ ( t , ) ' '  is t,o replace 
sinZ(.) i 1/2, coy2(.) 4 1/12? and sill(-)cos(.) + 0. 

All ;~ct.ual irilple~r~entatio~is ol' Fig. 3 inixke use of 
Scl~i~t.t,ky-diode double-balk9.11ced luixers, for ix llumber 
of beckrrlic:;tl I.cilsoiis. Tliese itiixers need that tlis LO 
input is satura.ted with tile i~l)plapriat,c power, wllicll 
is of the order ol t l 0  dI3tn. As ;L coilsci~ucricc, tlre 
~ic';~k ali~plitrrdr with whicll we calculate tlie detect,cd 
sigrlal is the si~t,rrr;iteti v;!lrrrs Vi, illstead of the value 
2b l l / ; l / f i  that  appears i11 Eil. (13)-(14). Of carirse, 
C j ,  < 2blv/;, /&. Thr  sitturated va.lue Vr, ca,ii Ile calc~l- 
lc~l.ed t)y cq~iiltirig th r  nutpnt  siglial t.llat 1-esults from 

'Ilcrcinaftcr we write ir a ~ l d  9 i n s t ~ ~ x < l  of n i l )  mid yjl),  let t ing 
t l ~ e  clel,~ndcnrr on t implicd. 



Figure 3: Sciienlc oi' tlle intcrferoriletric i ~ i s i . ~ . u n ~ e ~ ~ t  for (lie tneasure~~iriit  of a i n p l i t ~ ~ d e  tioisc and phase lioise, 
adapted t o  low-power signals. 

tlie ~ilixer SSB volt,nge2 loss t' to the sigxlnl ol)la.i~~ecl 
horn a perfrct ri~ultiplier. Tliere results VL = 6. 
The Ioss of actual mixer is of about 2 ((i dB), lieilce 
IT, z 1 V. Ur~der this I~ypothesis, and iicglectiiig tllc 
effect of he residual carrier, Llie saturated LC1 sigilills 
Elre 

Here the s~~pcrscr ip t  '* ' stands [or 'saturatecl'. Si~ttitil- 
tion is soft. As a colisetluellce, the fractiotial a~nplilude 
n( t )  is at.terluatd by a factor p < 1, without destroyiilg 
tlie illfnrrrl;tl,ioll. The phase iiifornial.iori is not affect eii. 

4.1 Detection of the RUT noise 

The detected ot~tpcit sigllal is l'our~d by rilrilt.iplyilrg t.Lle 
u(t) sigllnl (12) by t . 1 ~  sa.turated pllrrip (16)-(l7), a ~ i d  
by selecting the ~lcil~.-tlc terms. Discarding the secolitf- 
order  product.^, wr ol.)tain 

(1.1 u;, 
( f L ( t )  = - nd(h) tor y = O 

d.2 

In tile laboratory practice it is oftrri cor~verlierlt to 1.c- 
fer t o  the fractiorlal-a~nplitudcto-voltage gain k a ( l )  - 
d t ( t ) / n r 1 ( t )  atid t o  tllc phase-to-voltage gain I:* = 

d,(t)/qrl(t) of the instrulnelit. In  addition, it is (.on- 
vcnierit to replace th r  l)c';~k voltage q1 a t  tllc IICJT 
output accordiilg to 1/;] - d m - ,  where RI, is tlic 
characteristic ilnpedailcr (50 St) ant1 GI is the pow(v. 
Hence 

"11 earlier artirles we used e,,, for thr mixer power Ioss. .If- 
terrvardswe opt~tl  fol B as the voltuge loss brcausc it slightly 
slmplifics tlie llntatioli In  practice, thew i? 110 risk of confuzio~l 
because the mixer loss IS always giver1 it1 dB. 

4 . 2  Background noise 

I ~ I  orcler to ci~l(~iilate the r~sidllal lioise of the ilisi.rt~- 
Irleilt wc tlrop tllr U U T  noise [ m d ( t )  - 0, n.~ld Fd(t) - 
(11, il.11il we rei l l t rod~~cr  t,he residual carricr ( E  # 0). 
IIciice 

.L,*(t) - - -c-cos(s?ot I d l )  "' [ v5 1 
( t )  = - 2 s ( L  + 5 c o s ( ,  1 -  ) . (22) "' [ v5 

Iii the n~l~pl i f i ca t io~~ ~ ~ r o c ~ s s  we i ~ ~ c l u d e  the lloisc   nod el 
of Scctio~l 2,  i t ~ ~ t i  soft sa.tura tiorl at the mixcr T,O port. 
Tlllls 

2 
b,+ ( t )  - U P  [I,<.lr rilt I -  gi) cos dUt - t̂ b sitlLlilt] (24) 

Writirrg Ecl. (24) and (25) Irotil (22). xve tieglect the 
terlil E COS(W~~I: -I 9)  be[:i~lisc E << 1. Expailding the 
detected sigilal d(1,) : (ci(t) b* ( t ) ]  * IL~,(/,)! we get 9 cross 
tcrllls. if'e simplily l11e calculus I)y ol~servitlg l l i ~ t  the 
cross berins mp,  ne a.iid pc are ~icgligihle a.s compar?d 
to t,llc tcriils (i u.1111 9. Thns we split tllc e a l c ~ d ~ i s  as 

d(t)  - 1~ [it(/,) li* ( I , ) ]  a noisy * l,li,(l,) I 
h ideal 

+ Cr [ ~ ( t )  b A ( b ) ]  a irlral * i,,p(t) (26) 
IJ noisy 

Ib7hcll t.lie A iiinpiilirr. flickers and the C amplifier is 
flicker frcc, tile sigl~als (231, (24) and (25) can tw ap- 
p ~ n x i  rria,ted as 

2 
br ( 1 )  - l J i  cor wilt (28) 

b; (t) - -4 ~ l l l ~ , , t  . 
1: l 



Si~i~ilit~.l>'. \vI1~11 the A d,l~il)liiier is flickrr free 3.11d the 
C a.lnplifier flickers, it liolrls tilt, itl~l)roxil~latiot~ 

2 a:(/) = - [I ,UIUI/  1 p( ib  cosA9,lt - qb .in (33) I J E  
2 

6,; ( t , )  - - [- sin s i l t  - ecte sin d o t  - i ,  c.os q , t ]  . 
U Q  

(31) 

.Joiaillg t.11e a l ~ o v r  rcs~llts, (30)+(35) for Ah1 tioise dli~i 
(31) I-(Xi) for t'hl ~ ~ o i s c ,  wr get t,lle (letmecirri I d -  
grolu~ti tloise 

(i, (1.1 = .-K- ') {[<LC,,  1 ros il+ 
fif 

- [ - ] sir  } ( 37 )  

'l'lie sig~iai-t,o-~ioisr ratio ia.11 he det.ivctl 1,y tlividillg t,lie 
tLetect,ed 1)UT sigi~al [Eq. (18) a t ~ t l  (l!))] 11y (,lie tlelecletl 
l~ilc:kgmr~nd noise [Kq. (37) irriti (38)l. 'I'urni~ig voltages 
into spectra. t l~erc~  r c s ~ ~ l t s  

SNR ,, 
? , I  

i2{ [S + 02 ,5~ ,~ , ]  c ~ s ' ~  $1 + [S,. + s++] rilli il 

(39) 

SNR, = 

s; 0 

Besides sorilc nlgrhr;~, tlic pl~ysical izlterpretatinn for 
t.lw flickcr noise recic~cl io11 is siinylr. 

A amplifier. The flicker noise sitiel~itnds of the A ii i r l -  

plifier are kept low by citreflrlly suppressing thc 
cnrricr a t  the amplifier iriput. This approaclies 
Llie c:i.)iidition in which no carrier is preselit at the 
arllplifier e i~ds ,  for tlie ~loise spect.rulri is white, flat. 
i l l  ;I wiOc freqne~icy ra1lg.e. 

C amplifier. T h e  2; a111plific.l. flickers, which is ill- 
cvitnblc 1,ccause this ai~iplifier serves to saturate 
the mixer LO ii111ut. Yrt thc rloisc dctcrt,ion re- 
cluires a " p ~ u ~ l p "  siglial itt tlie other input of tile 
tliixcr. This signal is atteriuated by a factor E.  

Eq. (39) and (40) arc rlosc the rloise reductioli calcu- 
Iil1,ctl in onr previous article [GI, tierived with a sirr~pler 
,1,11a1ysis. At. a closer look, the saturated interilal LO 
sig~lal coiii,a,il~s hnrtnonics at n~lgnlnr frcqricncies mul- 
tiple of 41. Aciortlit~gly, nclili(.io~iiil lrilise present in 
thc correspoildirlg parts of tlie s ~ ) c c t r u ~ n  is t,akrrl in 11y 
the  syt~cllronor~s detectiou process. We have lio irif'or- 
~riatiou about additiol~al flickering, if ally, takcll ill ill 
this way. Ever1 i r ~  the aI)srl~ce of aclditional l~oise fro111 
li;rr~rio~iics, the full bc~lcfit of (39) and (40) call  lot 
l)e acliirvrd in practice I~eca l~se  aiiollier ~~hel lotnenon,  
tlescrihcd in Sect.iori 5 .  i r i t r o d ~ ~ t e  adt l i t ia~~al  ~loisc. 

5 The effect of the dc offset 

'l'lle r~iixer o t ~ t , p ~ ~ t  shows a clc offset V,,, tliat derives 
fro111 tlie asymmetry of ttlc i~it.eriial diocie ring, all([ 
I'ronl thr ;~ylriilietry of tlie intcr11al halruls tllttt split 
tlie LO power i~it~oilg tile diotlrs. Ur~fortunatcly. this 
offset is sel~sitive to i l ~ r  1,O ~)c~wc-t. ilc:c.orcIilig t o  

is the ofTset, se~lsitivity to the fluctuation of the LO 
I ~ . i ~ c . i i n ~ ~ i ~ l  it~llplitiide, and VLO is tlle voltage feed into 
1 . 1 1 ~  IAO port of t11c mixer [201~/;1/& in Eq. (13)-(14)]. 
c 7 1 lie relevtrr~t. cotiseqt~etlcc is that  it rnlidatri a~rlplitude 
I l ~ ~ c t n a t i o ~ i  of tlie LO sigilal-i.r., tllc Ah'l noise of tlie 
C a,~nplificr-tr~rns into tlrtectrct ~ioise. 

No d a t a  about k, were fo~uld. in thc literdtlrc. S o i ~ ~ e  
~~lea,s~rrelilc~nts riirricd on ;it tlic FEhiTO-ST (fornierly 
LPhlO), Uesa,lic;o~i, Fra~l ie ,  srlggrst ;I value ol' 10 11iV 
fcir suille tnicrow;tvp mixcrs. 

T,cttil~g thr p l ~ t n p  signal fed into the ~tlixer 
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Figurc 4: Experirrier~tal coldiguratioti used to corripa1.r 
the satura.ted mixer a i d  thc interferolrieter in the clos- 
est possible coriditions. 
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the detectrd background 11c1ise is 

Tlicrc results a, signial-t,o-~ioise ratio 

We wish to stress t l~t t l  this 11nise m c d ~ a ~ ~ i s r n  has notll- 
i ~ i g  to do with tile dctcrt,ioll of tlie alnplifier lioise ;in- 
alyzed in Sectioii 4.2. Tlre ~r~eclial~isrri clesrribed hcrr 
is effective even if the A ainplifier. is reinoved and l lle 
inixcr input is ternli~~iltc:d (of rolrrse, in tliis extrclllr 
co~iditiorl t l ir  s ~ ~ s t c n l  is iio loligcr a1)Ie tu detect t h r  
DU'l' ~ioisc).  Tlie o~~criall SN1t is found by adding tlic 
lioisr of Eq. (39)-(10) to  that of Eq. (44)-(45). 

The noise origirlateii iron1 the offset scr~sitiuity 6 0  
power 1 1 s  the Sollowing ailtioyirig properties. 

1. I~nprovi~ lg  the carrier suppressiol~ is not beneficial. 
?'llis is beca.use t,hr rcsidual carrier it! tlie n ( t )  sig- 
11al does llot e~iber. ill the equatiolis. 

2. A "sweet poitit," i l l  ~11 ic l i  tllc serisitivity t.o Ah4 
noise val~isIles--t~s silggestecl l ~ y  Urelldel [4] for the 
pilase cletectors-does not cxist. .i'his lnctliotl IP- 

c l~~ires  that  tlie tw-a i11p11t~s of the rilixer arc sittrl- 
rated, as in the traditional schrlnc (Fig. 2 ) ,  for a 
pllasc sliitt to  Ije efLvctive. 

Figure 5: I3ackgrouiid iioisc. ~ n r ; ~ , s r ~ ~ . e d  i r ~  the ;rl)sc~lrr 
of the DUT. 

3 .  Tlie I~ackgl.ol~~lcl tloisc: spcctrrln~ at  the dc oiil;plit, 
is iiirlcpr~itie~~l of tlie DUT power Po, wl~ile tlie 
iristru~rlei~l gaiii [Eq. (20)l is pl.oportioiia1 to 8,. 
Helice the SNH I,cco~rlrs lower at  lower poxvrl.. 

3. T l ~ e  AA.1 11oisc ol' tile iiia.iii source is take11 in wit,ll 
t.11~ same ~r tec l~a i~ is i i~ .  This is seen I)y irispectiotl 
on Fig. 3. 

6 Comparison between the two 
schemes 

\VC* colrlpare tlie tlvo ror~liguratiuris of Fig. 4, snturat.ctl 
liiiscr and ititerierutiictrr, mldcr t.hc c:losest ~ ~ o s s i b l e  
conditiotis. this I.e>i.sotl t.lre varial~lc p l ~ i t ~ e  shiftet' 
arid the varia.l)le attclirrntor lat>eiled 'optioiial' arc kcpt 
i l l  Fig. 1A, ailti t he  'optiolial' 3 d B  a t t c n ~ l i ~ t o r  is ill- 
sertcd in Fig. 4B. 'I'hc inst,ru~neiit is driver1 I)y two 
signals of I'~.ec~ilerlcy s?l,/2n = 9.9 GH5: a ~ l d  of power 
nE 9, - -20 c i l 3 1 1 1  obtairlccl f'r.0111 a c,orrrrllnn syllthe- 
sizer and rljre~:l,ioii,ll c.orrplrrs. Tlie couplers are virt11- 
ally noise Sree, 11cllc.e tile ri1exilrt.d noise is t h e  rcsid1.1a1 
11oise of tllc i l i s t . r~~~l ie l~ t .  The ainplifiers rncli [)I-oc1uc.e 32 
d B  trl'gail~ wit11 a 3 tin outpilt atteiluator that  i ~ l l ~ r o v e s  
im1)cdancc ~ l i i~ t . c l~ i r~g  <1.1ii1 protects the inixcr. nild Ilavc 
i~ 1111ise fig~lrc' 01 :l (ITS. Tlic iiltcrfcrolllet.er is ; ~ ( I j i ~ s t e ~ l  
for i i  carrier supprcssioli of ii0 tlB or bcttcr (E < 1 0 ~ : ' ) .  

'llic I ~ a c l i g ~ o ~ t ~ t l  rioisib is s l ~ o w ~ l  in Fig. 5 .  'l'lle 1%-bite 
noise is - 1.17 ~ R I Y L ~ ~ H z .  'l'liis is drlr to  the addit,ive 
whit.r ~loise of the aillpliliel., ~vliicll is tllc sutlle for t.he 
t\vo coilfigurat,iot~s. ?'lie sat~~ratrtl-niixcr sclrerrle shows 
a residl~al Iliclter o f  - lO(i tlRra.d"Hz zat f - 1 112 (ex- 
trapol;ttrd), wllic11 is consistr~it witti the l /  f ~ioisc of 
tllr au~plifiers. Tlie iti~iplitucle lloisc of i.hc i~~le~. leroi i i -  
cter, hartlly \-isiljlc, is ot sotrle 1 3 5  dB/IIz at f = 1 
Hz. Tlic p l ia~c  rioise is 1 : 3 0  d B ~ a d v H z  at, f - 1 TTa 

(cxtr;apolated), wliirll iulpsovcs by 24 d B  as roinparecl 
wit11 t,hc saturateti mixcr sc.hc.~llc. As expectecl, the fill1 
l~enefit of n f;~r:t.crr ,it-' corll(1 not Ile obtained. 



1 J~ifort ,~~i~utcly,  a t  tlic ( i11ic. of 1 llc rxpcriillc~~ts re- I k v .  Sri .  Iia.\l,~-t~~rs., vol. 73, pp. 2445-2457, June 
por1,cd wc dicl llot r ~ ~ e t ~ s ~ u ' e  the dc sensitivity kt, ot 2002. 
the ~n ixcr  iind tlie alnl)lit.ude noise. if'p nriderst.ood 
tlls p~iellolrlellorl bl,c co,lti,luill;rti~)ll fron, A ~ I  [(il E. Huhiola, E. Salik, N.  Y ~ I ,  arid L. hlaleki, '.Phase 

trrwnrds, picltin~ rip data froiii otlier exper.i~rleril.s. lloisc ~neast~relr~ent  of' low power sig~lals," Electron. 

No~~et.l~clcss. wr (,all give a pict,iirc of the reality. Solne I ,[:// . ,  vnl. 39. pp. 1389-1:390, sell 18, 2003. 

relrvalit para.lirrLes of i l ~ c  rirscri1)cd experi~ilelit are 
- - 2  I .  t - 32 dB: 1: = ii cln, and 

R,, = 50 f2. Accordirigly, the phase-to-voltagc gaiir is 
of -8 dUV/rd.d. i~lcluc-li~ig 1 rlH tlissil)iitivi. loss fro111 
1,hc DIJT to t,lie ampljher. L1.t r1.s itsslllrie S,,, - 
- 105 dBHz-' 3.1 I FIa (il lit,tlc worse, tllali phase noise. 
t~ecause (,lie syt~tllesizt'~. il.lso (~o1ll.l~i1111trs) iir~cl kt, - 
-35 dBV as plin~siblr fillrles. Tlip1.t. ~,rsults ail o r~ t -  
pt11 voltrigc s p r c t r l ~ i ~ i  .SIi -- - 1111 cll3V"Ilz ;it j - 1 
Hz, thcrcforr a 1)tr~:ligrcsllnd iloisc S,, - - 132 dRFTx-' . 
or S, = -132 ci13ratL2/Hz. T11l-SP \.CIIIICS i11.r rlosr t o  
thosr, ol~srrvetl i l l  Fig. 5. 
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