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s i  y n a l  i.:.!i t h  f r e q u e n c v  b':LO1 ' 1  8:iz-F t u  t h e  m a s e r  frequent.: ..,. T h p  
p h a s e  n o i s e  c o n t r i b u t i o n  o f  t h e  mu1  t ~ p l  i e r  r e f e r r e d  t o  t h e  i n p u t  
f ~ e q u e n c v  i  5. ~ i u e n  ~ I Y  SIDMIJl~t::l . The  m i  cr.u\,.~auc m i  xe r .  15 f e d  b y  t h e  
amp1 i f i  e d  m a s e r  s i  gnal cur t h e  m a s e r  g n a l  :! a n d  t h e  f requpnr : ' : /  
r r l u l t i p l  i c d  L-..JC:>:O s i g n a l  t c l  : . , i e ld  an i n t e r . m e d i a t e  f r e q ~ ~ e r ~ c . : ~ . ,  ( I F )  
s i g n a l  k r i t h  a f r e y ~ e n c . : - ~  V I F ~  r11.1ch r .ma11er .  t h a r l  -q,,. The 1.1: 
c o n t a i  175 h m t h  t h e  phas.e i  n s . t a t l i  I i  t v  ~t t h e  m a s e r  and of  t i-1~ 
m u l t i p l i e d  I.lC::>::O. The I..,!C:W6 z , i ~ i r ~ a l  i s  a l z . r _ ~  tI-1~ r - e f p j - p n c e  of 3, 

f r e q ~ ~ e n c : > ~  uf a s v r l t h e ~ i z e r  w h i c h  . : i i e l d r .  2fi o u t p u t  f req~_ ie r . l : y  vLfII3 
e q l u a l  tci .P'I  ~ 2 .  T h e  rr~a-;.er- f r e q u e n c . ~ ,  . a n d  c r ~ r ~ . : . e q i - ~ e r ~  t I .:F., , t h e  
i  n t r r m r d i  a t e  f r e y u e n c v  L . ' I F  ".rid t h e  1. ..,.JI:.:x:I:I f r p q ~ ~ p n c , : , . ,  3r.p r ~ r i t :  5t.i;d 
tjv a. 5 - i m p 1  e  r a t  i m n a l  n u m t ~ e r .  T h e  f r e y ~ ~ e n r - -  - . - F ~ ~ r ~ l ~  p al:t,:. a.3 a 
t h i r - d  f r a c t i r l n a l  m u l t i p l r c a t ~ l : ~ n  f a c t o r -  1-;1:2. T h e  t : r - p q t _ i ~ ~ ~ : : , ~ ~  
s t , r ~ t h ~ ~ . i ~ ~ r  a l s o  e x h i h i t s  i t 5  i?l;.!r~ ph2:z.e r l~ : f i - z . r ,  ~ I I . J ~  .:.irlcp t h e  
r r ~ l ~ l t ~ p l i c a t i c l r r  t a ~ r , t o r -  i  I zm.3.11 ~t car1 t i e  r ~ e q l e c t e d   her^ 
c c ~ r n p a r e d  to t h e  p h a 2 . e  nci  I s e  added ti,:?,, t h e  t I r--5 t 1 t I I 1 I r The  
s - i g r ~ a l ~ .  ~,.r~i t h  f r e q u ~ . r ~ ~ i ~ . ~ _ .  b.' 1 ~ 2  "'113 VL,:~:~ t e e d  t h e  p h a - 5 . e  d e t e ~ r t o r .  
h a . ~ i r ~ g  a. p h a s e  s e r ~ s i t ~ l ~ i t . : + *  K d  p.::pj-~.-::;.ed t , ~ ~ = , ) t ~ . ~ ; . ~ . a d i a ~ ~ ~  ~ h a k  
p a r t  o f  t h e  r e c e  I u e r  compr .  i.;i rig t h e  mu1  t i  K I ~  i pr. s.:;.r, t h r ; - ~ . i  z e r ,  
m i x e r . ,  I F  & m p l  i f  i  er. a r ~ ~ j  pha5 .e  c l p t e c t o r .  i  5 dp,:,i o r I a . t e d  35. t h e  i j ~ l , . ~ r I  
z m n v e r  t e r  . 
T h e  1 ~ ~ ~ , . ~ ! - f r ~ q u r r i ~ ~  O I J ~ C I C J ~  5.1 I - o f  t h e  ~ha.:,e d e t e ~ t ~ ~ r -  i  5 3. 

m e a s u r e  nf t h e  pha:;r e r r - o r -  b e  t!*!eer~ t h e  st qna.1 s a t  f r e u u e n ~  i e 3  V, 
a n d  l.'LO1 . T h e  p r r c l r  ,z-i g n a l  I .z, p a ~ . r . e d  t . h r -ough  t h e  1  c11:ip f i  1 tl;r I+,, t h  
t h e  t r - a . r ~ r . + e r  f u r ~ c t i n r ~  Flc..iC<i:,. U.~.ua. l l . . , . ,  t h e  1 1 r  i  I t h e  
I~w-~J.E.c .  t:r;pe, a n d  t h e  t r ; z n s f r r -  f u n c t i o n  1 5 -  e r ~  t o  ' r ' i ~ l d  
u p  t 1rr1a1 PLL p e r f o r m a n c e .  F I  r13.l  1 --,; t h e  f i  1 t e r ~ d  e r r  or s i  g n a l  i  s + p d  

t n  t h e  t u r ~  ~ r ~ g  i r ~ p u t  ol: t h e  I,..JC.:.r::CI, i..r)h I l r h  I F = "  t h e n  1 r~rl i~l~Ij ti11 t h e  
f r e s l ~ e n c ' : . -  izj: t h e  m a s e r  c i  gna.1 . 
.-I L .  Bas i  i E q u a t  i  onz .  

The t l a s l c  t l l o c k :  d i a g r a m  t 1 - F  t h e  phs-;.e- lo^  l stern I S .  s h o w r i  i r l  
F i g u r e  2 .  A s  s t a t e d  i n  i 8 : ~ ,  t h e  p h a s e  n o i . 5 ~ .  4 s c ~ e c t r a l  d e r ~ s r t - I F :  I:I+ 

t h e  o u t p u t  elf a ~-..1C:XO w h i c h  i.: pha-i .e- lc~i:ki ; . j  t.l:i a r - e f e r p r ~ ~ p  5.:?igrlal 
ran tlr I.!;lr i  t t e n :  

T h e  pa!!.~er s p e c t r a l  d e n s i  t-:.; o f  t h e  rr-e 1 a . t  I l..!~ +r -eq i . .~er~ l : -~ -  f 1 u r  t l ~ a t  I clnz. 
c a n  t ie  c a l c u l a t e d  -From: 

w h e r e  

H l i : t )  a n d  H 2 i : f j  ar.9 t h e  t r - a n s f r r -  f u r ~ c t i c ~ r ~ ~ .  111f t h e  ph+::.e 11:~ck'ed 
l o o p ,  F1:.j2-~Tr.-F:j i-:. t h e  t r a n - ~ . f e r -  f u n c t i ~ r ~  I:I~ t h e  I~:IEID f 1 1 t e r .  Kd i . ~ .  



I p h a s e  i.en.';.~ +: I 1- i  I t , ,  , : i t  t h e  pha5.e de t e ~ t ~ ~ r - ,  K V  i  5. t h e  v s l  t a g e  
c i l r l t ~ - , o l  1 ecl 05.r  I 1 1 a tur-  t u n  ! n q  G P ~ I ~ .  i t i i  t ~ ,  c-';$,.?,r f > arid Sar.i: f )  ape 
t h e  ph+;%-c- n o 1  .!.+ prl!j.!er- ,~ .pec t . r . a . l  d e n s i  t v  nf t h e  t h e  f r - e e - r - i ~ r ~ n  i  ~ I Q  

!,.!~"":X:I:I 3.rlrJ t h e  t - e f  Y I  - - ~ r ~ l -  - , .- lr. . = c  -. I U T  c e r e  5-pec t I r>e 1 :v . 

T h e  t i m e  d c ~ r n a i n  tr.i.~quc;r~~:-i- - ~ 1 : . s . t l i l l t _ ~ : ~ *  c ~ f  t h e  l..fC;::::I11 n u t p u t  s 1 1 2 r 1 a 1  
t: h a rr t h e n t~ p p .;< LI r.- F. ,:. 5 . 4  :: j. 2 :j t ~ . ~ ;  : 

w h e r e  +if I t h e  c ~ ~ t c ~ f  f f r e q ~ ~ ~ r ~ c r '  of t h e  -f i r s t - o r d e r  1 u!!.! pa5.s 
f i l t e r  u s e d  i n  t h e  m e a s u r - e r n e n t  s v s t e m .  F r o m  e q u a t i o n  i l u : )  w~ s e e  
t h a t  t h e  f i r 5 . t  t e r m  r ~ p r ~ s e r r t z -  t h e  c o r ~ t r .  i b u t  i rlrl t r c ~ m  t h e  l ~ . , ~ ~ ~ > : ~ ~ ~ ~ ~  

T h e  l c o p  a c t s  as  a h i g h  pass  f i I t e r  w i t h  a 1 ~ r n i  t i n q  ~ a l u e  ci+ one 
f ,:IF. ! ? p r y  h i  81-1 F o u r  i er. f r e q u e n c  i  PG-. T h e  ~ . e c o r ~ d  t e r m  i s t h e  
c u r ~ t r  i b u t  i  on S r o r r ~  t h e  r - e f r r e r r c e  sclurce.=,  r.oh i c h  i r ~ c l  ulde t h e  ma':.er.. 
t h e  p r ~ a r r 1 p 1  i f  i e r .  t h e  m ~ x e r  t h e  mu1 t i p l  i e r ,  e t c .  1r1 t h a t  C A S E ,  

t h e  1 I:I~FI a c t s  a s  a 1 ow  pa.s-, -F i  1 t e r .  roi  t h  a. 1 i m i  t i r ~ q  u a l  u e  oC o n e  
$I:I~. ver,:.,. l at*! F t l u r  i  e r  S  r e q u e r t c  i ec . .  T h e  n v e r a l  1 p e r f  o r r n a r ~ c ~  o-f t h e  
," ,.. .-.- =tern w i  l 1 t h ~ n  g i  v e  t h e  h i  gh f r e q u e n c v  f 1  uc  t u a t  i on.= o f  t h e  !..jC:::O 

p l u - . .  +:he lol.,.,~ + r e q u e r ~ c r ~ : ~ ,  f l c r c t u a t i c ~ r ~ s  of t h e  r f r  E . o u ~ . ~ : P ~ . .  

T h i  E, 1s a n  ~ r n p n r ' k a n t  c o r ~ , . ~  d e r a t  i ur~ t a r  t h e  d ~ ~ i  g n e r  crf t h e  
.:. -:,< 5 t p m . 



1 .  The r e f  e i - p n r p  :::,.;~.t~rl c o n s 1  5 t i n g  o+ t h e  R b  ma-z .e r - .  p t p a m p l  I .t I e r - ,  
m ~ : > : ~ . r .  3r1d r r 1 1 ~ 1 t j ~ 1 j 1 e r -  mt~,:.t: i-lat.>p lo~..,j pha .7 .p  r ~ i i l - z . e  a t  r 1  Fi: i~. j r - ier.  
+ r . ~ . q u ~ : n c  1 ~ 5 . .  The S ' l  i  l:b;er'- o f  p h  3 s ~  a r i d  f 1 i ck e r  r- t+  - f r - ~ q i ~ e v r _ . ~ '  rim I E F  

m IJ g. t t ie  I: 11; t r. ct 1 p 1 j  a .g, I zil:.t a -: p Q 5. -: 1 b I e . 
2 .  T h e  !....1C.:.:iO I rl t h e  F I J ~  1 d 1 I J ~  rrt.33pr. t r - e r _ l ~ ~ e r ~ i c - ~  E t a n d a r  11 T I ~ ~ Z  t- 

p x h  i k ~  i t. ~>FT..-.- I I I I t I I : g I I 1 ; p . T 1, 1 C, i-~ 13 t e  T. rri t r. 9 Q u 5 l ~ i  T_ ,I, 3 rl 12 

dl-. i  f t a r e  rlci-_tt t o o  I r r ~ p o r  t r l  t . 

: ,  T h e  t r a r ~ - : t : e r  f u r ~ r f i r ~ r t  F~. ! IJLI~ o f  t h e  !~,I:IL, + l ' t e P  I art 
~ m g a r - t a n  t rril e  i n t h r  l ' r e q t ~ e n c  .-- - z t a r 1 t i . 3 . r d .  1 - h ~  c h o i  r_.; ot t t ~ ~ :  i o i : ~ ~  
p a r a m e t e r . - :  ~ I J E ~  t i e  t f i  1:tpt. l m l  r e  t h e  f r r a i j e n : , .  :.f: l t~l 1 i t i I:]? t h e  
fi u t Kr IJ t: -F r- E. 11 u e rl c ':*.' . 

,? + , e v ~ . r - a l  a .g t .h~r - - ,z .  [';'I [ I f ]  hi.t.!p :i-t,:,!..lr, t h . 3 . t  t h ~  ~ : ~ r t ~ - ~ : ~ ~ j p ~ - - ~ ~ ~ i ~ ~ : t r . ~ . 1  

d e n ?  I ?.:-,- o f  t h e  f r a r $  I ona1 t r e q u p n r . i ,  + 1 I 1 : I   can b e  
a ~i p r. m:.: i ma t p t j  ti y : 

r,.,ttier-e 1::: I-;. E : c I ~ z ~ ~ I ~ ~ I ~ I - ' G .  r - o r~ . ; . t a r~ t ,  T I... I~E. .3, t1 . : , ~1 \1~ te  ~ ~ ~ T I ~ E T . ~ . I J  11if 

t p, ,- -.;- =. .. =. t e rrr , P,+ I.:, t h ~  PDI~~JPT. t q ~ r l e r i ~ t ~ d  1 r 1 5 1 d e  t h e  ? . c t l i - . l ~  r r r e d l u m ,  

i . ~ .  t h e  3 , t o m i c  l i n p  qu.3.11t,:... f a r t r t r . ,  I.,1 1.:. p h p  a t c l r r l l c  r - e - ~ ~ n . i r i t  
- f r - @ q u e n r . : ~ ~  a n t j  G-1: +:, I r:. t h e  ~ ~ I I . Z I F . ~  t r i r l =  f p r  I c l t  

C 
I I I  ca1.j i  t.:,. . T h e  t I r.5.t. t p r r r ,  r e p i - ~ g p r ~ S < .  t.hp ~ g h  i  t p  ctha::~ ri4~11 5 . r  

c 1~ n t r- i  ti IJ ? I ci rt .3 rr d t h e ,r. P c o rl d t e r. m I -5. t h e I ,.! h  I t F. + r P q ILI e  rl 11 .:.-. rl I:! I .: F 

c a f i t r - i t l u t ~ u n  r . ~ ~ . u l t ~ n r j  "ir-om ~ I K I I . ~  1 . 1  I:I+ r .ad ia , t~ t : i r - :  
I . . p . r i t h ~ r l  t h e  attrirrlii: l i 1 1 1 1 t 1  ~ r ~ ~ r d ! r ~ q  ti:! t h e  e i - : p e r 1 m e n t : a 1  
r e s u l  t 5 -  o f  a t  BIBHI-.I a n d  t h e  r - e f ~ r p r ~ c e  [ T ; ]  t h p r e  i  5, r a r l ~ j c i m  1..<,1a1 k o+ 
f r E q u e rl c .:.., I rl t h  cj r- IJ ti i  d i IJ m ma. .: e  r. , ti 1-1 t: t h p ,: I:, t j  r, r e rl t: t h e rr 1 1 1  1 s. e 1 .z. 
s t i  1 1  ~~nbI: f i~rr t~.~!n. A r c o r d l r 1 1 3  tri t h e  p r e l  l m ! r r a . r - . - .  ? . f i . i . I y : . i - : .  C T : j  It] I t 
i.:. h e 1  iel..!ed t c i  r c ~ m e  m a . i n 1 . r  fr.r.lm r.l..!lt..:,T t e m p e r 3 t l j r . p  f l ~ ~ c t ~ ~ ~ . t i c ~ : ~ n ~ z .  
or l i g h t  f l u c t u a t i r ~ r ~ z . .  T h e  t r r r ~ e  I j~:~rna. i r~ f r -~o l . i r r~ l : ; . , -  s t a . b i l l t . ; ,  1q12e.z 

1.: 

35 'f"" f111r- a,<JEr.E?gjr~tg t l v t e  .T.-:-:::-z.. F~-I:IVI ~ . : : ~ i ~ r 1 r r ; ~ r l t . ~ , 1  I .:.~QI-I~I 
- 1 4, '.-i i n  F i g u r e  15,  I.J.,~ 11a.n I : l t i t d~ r I  - . ? L , , , ? . ~ j = 4 , 7 ~ : : 1 c j  T - ,  t.~:,r. r=::-I Bij.: . T h e  

po!~<leV s p e c t r a l  d e r t s i t . .  .* ,:I+ t h e  r - e l a t i l , , ~ e  f r . e ~ j ~ j e r t c - ~ . -  + l l j c t ~ " j a t i ~ : i r ~  ':a.rl 
t i e  r_al t 1 ~ 1  a t e ~ j  f r.l:~m 1:. 1 ?.:I 



-The .:.LIPI: t r - a 1  d e n s i  t..:-. I:?+ f r  a c t  i o r - ~ a l  + r e q u e r ~ r - : . ;  + l  u c  t u a t  i an.:. ot: t h e  
Rtri ma,:-er F H P - I  I r ;lrl t ~ e  I..Z.,I~ i t t e n  : 

Thus,  t h e  p o w e r  s p e c t r a l  d ~ n s ~  tv  o f  t h e  p h a s e  n o i . 5 ~  car1  b e  
:;; g1 r- e 5. -;" e I j  ; 

, ,! [-../. 1-1 -, .= . . -. r.a.,tl-~ i c h ar- e c orrlrnur, 1 ,:T- u s e d  w I t h 3. t 1 r f r. e q u p r I ~  .p :.t a,rlcj+,r d . ~ ,  
a r e  5PlHr. 16  t . 1 t - I ~  a n d  1WI3P.-lHz q ~ ; l r t z  rr--:.---z.tal ~ I ' E - C I  1 1  3 . t ~ r - 5 .  The  po1-'.1er 
. ; .pe~ . t r .a l  ~ P I S S ~  t:-) c ~ f  f t l e  P ~ I ~ S E  n111i 5.e  if t h p  I.IC:XIII' s I....I~~ i ,-ti h.i,!.,~~ t l p p n  
de!.!e l o p e d  a t  E I  RI-'ll-.l car1 t i e  e::-:pr-es-:.gd 35: 

TPle pm!..,~er- I - 1  ~ E I " I ' = _  I t'.;' Q+ t h e  +I- 3.r I m r ~ ? . l  f r- r 11 1.1 e r l c  ..; 
f 1 l ~ c  t u a t  i  or^,:. ~ - 2 . r - 1  f h i 3 r i  Irre o.ir- i t t e n :  

Pl i r _ r . r _ ~ ~ w a u ~  pr -es .mpl  i f i p r . 3  f i r-~d !.l i  de IJ-=;E. i r# 1 cila,t-n~:~i 5 e  r p c e  i ? ip rsM 5.0 
ILLIF. ha lde  t l e ~ r r  t r - : r ; i r ~ c i  t o  f i r l d  a , : . u ~ t = l b l e  u r ~ i t  -For- R ~ l k ~ l d i l ~ r r ~  mac-er  
1 . I . !  e h 3 t.! e r _ ~  rl l ,:r* b e  E. fi a ti 1 e t r :~  l; i r~ d F E7" m i c r- c11,8.i a 1.) e a.rl PI 1 i + i P r ,:. , 

T h e  ~h~::-e n r ~ i  s e  o f  s e r l e r a l  u+  the.?.@ 2 . ~ 1 ~  1 i t: i E P S  1,~,1ere t ~ ~ : . t e d .  
P l 1 3 d e l s  i:;(511A arid CX511C:  a r e  b e i r ~ g  u ~ _ . e d  I ~ I  t h e  F;:tt rrla-:.er . The-:., 
h a l v e  5. gain uf 17.2  t s  17.5 dB n d  a n o 1 5 . e  + l g u r e  O+ 4 t r ~  c:. dB 
c.~~.>er. a.n i n r i u t  POWET.  r a n g e  oC -28 t .1~1 -68 d E m .  The ph.~.::.~ rl~:ti-:.e 
s p e c  t r -a.1 d ~ r ~ s i  t.:., 1;-!a.s f o u n d  to b e :  

!j.!her"p P I  I .F. t h e  i n p u t  po~>g.~er- 1 e t . 1 ~ 1  , e i r I E ~ I J ; ~ ~  1 l::n 
124)  chub~s t h a t  t h e  FET' a.mpl  i f  ~ e r  ha-:. rli:~lt 17nl-:r.- ~ . ~ . ~ h l  t p  p h . 3 . 5 ~  rlc:, i-~..e 
t lut a 1  5 .~1  f 1 i ck:pr- Fel arid Ptvl nl-I i s e  . T h e  -f 1 r-5.t: t e r - m  ~ ~ p r . e ~ . p r l t ~ ~ : .  
f 1 i r k e r  FPI n a i  c . e ,  t h e  ~ e r o r 1 1 3  t e r m  r e r r ~ r - e g . e r ~  t ~ .  t h e  t 1 i r F't l  
n c ~ i  5 . e .  The:., a r -e  i r I d e p e n d ~ . n  t c ~ f  t h e  i n p u t  s i  12 r1a l  P O I . ~ J P ~  1 el..!pl f ~ r -  
a n  t : v p i c a l  3 r n ~ i l i f i e r - .  The r r a i s e  l e l - ? e l  v a r i e s  1,3..iith t h e  FET r l r ~ d e l  
-3.r1d t h e   pera at i CITI&I c c l n d i  t I r l r l r .  clt: t h e  amp1  i f  i er . .  Thp t h  i r d  t ~ r - m  
r e p r e s e n t s  1.8,lh i t e  phase  n m i  s ~ .  T t t  i 5 r ~ o i  s e  i 5 i n d ~ p e n d e r l  t ot: t h e  
i I - I~IJ t ,F. i g n a l  p r twe r -  1 ~ c l e l  a n d  amp1 i f i ~ . r -  r lcl 1 -5.e f i g u r ~ .  



B a t s .  rlln f l i l : k ~ r .  PPl arid - f l ~ c k . e r  Ft1 n r ~ i ~ . e  le l . . !e15  r~ l f  ~ . l j r _ h  a n  a r r l c l l i -  
t i  e r  a r - E  r l c l t  a u s i  1 a t 1 1  r t r l z lm  .3,r1:.-- ~ , o ~ ~ r - c e  t.0 01jr- k:nl:~(~ll p d q e .  l,,Jp i,<.!j 1 1  
m a k e  a t l ~ r t h e r .  effg:~-_tr-t t o  del . . !c . lc~p lq:3~~.i rll:llse r ~ r . p a m p l i f i p r . ~  i r l  t h e  
f u t t ~ r e  . 

T h e KI I c r- UI,.~., a I..! e  m i x E r. i  E a. rl I i-r~ LI CI r. t a rl f 1: CITI p ZI rl e  n t i  rl t FI e F F.: F' - I I 
t r . e f l t j e n ~ ' : /  s t a . r i 13a r . d .  The  I.!.I~ I t e  p h ~ . : . ~  r , ~ ,  .39 3 m l  .:.pr- 1,4h 1 c h  
r l p e r a t e r ,  a t  l o r d  -5.igrlal 1 . 1  i , r .  3 1 , . ! 3 1 1 . 3 ~ ~ ] p  frl:lm t t l p  ~ I : I I - Z ~ .  f l q l j r p  
,- = . c ~ e c i f  i l : a . t ~ c l r l .  Cja.ta pn f j  i i k p r .  Pt--l r 1 ~ 1 i ~ p  a t  I 1 l g l . . ! p l ~ ,  51-p 

rlrlt a n - . ! - s l l a t l l e  a n d  rnu5.t: t!e K I E . ~ , , : . I J ~ ~ ~ ,  T h e  ( I E ~ . : . E  ~ I O I . : . ~  .;.e!.ler,aj 
I I 1: I 3 ! e 1 I I !  1 e J 1 b .3 1 an rr e rj m 1 ::.: l. r. 5 ti 3.1.) p kt e rl ~1 p a  -f IJ r ;j . T Pi p m d F. 1 
!.l.,iH32 ! ? ; r h r l t t k - : - ,  d l  C I ~ E C .  a r e  I J T . ~ ~  I rl t h e  m i  ..;er-. 

- -- .. 
c ."' ,.. A c c o r d i r i q  * . ? , t h e  p h a - 5 ~  nc l  i ,:.e o f  t h e  ....PT. i .:. I ~1 i rlt,,ier<.p 

r l r - o p o r - t  i c1r1 I I 5 .1  1 1  F C ~ I . . - I ~ ~  1 e ~ , ~ e l  i c l r .  t h e  lLj,-i.e r~j: 1  T ~ ~ ~ . ~  

e l . Je l  5 .  Thp -f i r-g.t  t e r r r l  r - e ~ ~ r . e : . e n t ~  f 1 I ,J::~T. ppl r I ~ I I  - '  .re - -  ~.).!h i c:h I.J.,;~; 
f. f  G+G . +,I + (2 1 r~ q ~ . n e r - a 1  . The  E . P C O T ~ ~  t e r - m  r . e ~ r . p = . e r ~  ST. !.',J/-, j t e  p h 3 . 5 ~ .  

n o i s e  !.s-!hi~zh i s  d e p e n d e r i t  On t I -1~  n r l l . ~ e  + l p ~ ~ r . ~ .  t h e  m i 7 . : p r ,  ~h~ 
F'h35EI r 1 0 i ~ . e  ? . f a r - i e c .  !,,!ith t h e  I ~ I C I ~ ~  ~ n d  t h e  ~ I C T - C , I . ~ . J ~ I ; ~ E  I O+ 

t h e  m i x e r . .  

The f r e q u e r l c r  m 1 ~ 1 t 1 ~ 1 1 i e r -  l l r ~ . ~ . t .  I 3, ~ I I I I ~  P ~ I . . I . I ~ T .  

arrrpl  i f  i e r ,  a 189 MHz f r -equerrc : . . -  d o ~ . j b l  FT. a n d  a h i  qh or-der- 
rr1u1 t i p l  i er. w i  t h  a. S ~ Q D  r ecu l . !e r r ,  d l  o d e .  T h e  1 r I I ~ .  i s C? dE:m 
a n d  t h e  o u t p u t  pr_ll.~!er 1s +1:3 dert-I a t  t..:!: G H Z ,  T h e  rrlea.:-ur.ed p h a s e  
n o i  -,e s p e r t r . a . 1  d e n s i  t,:; r e f e r r e d  tl:~ 1 8 8  r-1Hz i s: 



T h e  s p e c t r a l  d e n s i  t.i* o f  t h e  f r.al:: t i a n a l  f r e q u e n c . i .  f 1 u c  t u a t  i o n s  car t  
h e  q i  v e n :  

6 .  M l c r n w a u e  i s o l a t c r  a n d  a t t e n u a t o v  

T h e  i s o l a t o r .  and a t t e r l u a t c l r  are ~ a z - s l v e  dicr.1 p a t  i u e  n u r l - r e c  i p r u c a )  
c o m p o n e n t s  a n d  c c ~ n  tr i bu t e  c m l  v w h  i  t e  phsse  n a i  s ~ :  

l - d h e ~ c  Ct. i t h e  I n s e r t  i o r r  l o s s  o f  t h e  i s o l a t o r .  a r i d  ~ t t e n u a t o r .  arlld 
P i  i E, t h e  a O a i  1 a t11  e  s i g n a l  p o w e r  .2.t t h e  i r ~ p u  t o f  t h e  c o r r ~ p o n e n t - s . .  
T h e  a c t u a l  v a l u e ;  a r e :  P i = l x l ~ - l B ~ ,  a=@.G ( 1  d B ) .  F r o m  1 , : 2 7 )  i t  
f 0 1  1 OI.J.JS t h a t :  

7 .  O t h e r  co rnpanen  t 5  i n r e c e  i vet- 

T h e  l n f  l u e n c e  0 5  t h e  o t h e r .  c c l m p c ~ n e h t ~ .  i n  t h e  r . e c e  I o e r  on t h e  
p e r f n r m a n c a  of t h e  f requer rc ; '  ~ t a r ~ d s . r d  i s  t h % ~ r - e t  i c a l  1 ,; smal I e r  
t h a n  t h a t  o f  t h e  ~ l t l ~ l . ? ~  r c l r n p c t n e r ~ t s .  I n  c t r d e r  tc t  impr .o l .~e  t h e  
p e r f o r m a n c e  of  t h e  frequent:/ - , tan tJar -d ,  I..W m e a s u r e  p h a s ~ .  n o i s e  and 
f r e q u e n c z .  ~ . t a . h i  1 i t v  c l f  the5.e  c o m p ~ n e r ~  t-:. t o  s c q u  i r e  t h e  +ell I CIIJJI rig 
r F s u 1  t s :  

a. 5 MHz :x: 7 + r e q u e n c y  mu 1 t i p l  i e r  

b. P h a s e  d e t e c t o r  

c .  S e c o n d  m i x e r  

T h e r e f  a r e  : 



-rht.r-e +- . ,. . 1 me ? h o d ,:. I!..I h I c 11 1 I:I IJ 1 0 tl e I; ,:;. e 13 t. I:! r p r e I I.! 9 t- h p 1 ,:,I. j LI ,:;I., - 
. i o u t p u t  04 t h e  P ~ I  m13.-er- . 1_1ne : the.:@ ;j:.e. ,3 !=El- 

T I ? ;t TI d t b1 @ ,:I t h e r, 13 l-1 e : d i r., E. I: t 'j -- ,  i t! t C. t PI e m I 11 ,.- clt,,j ,$ .: (2 

rn l : j . .er .  The  ricl;,;e r r ~ l n t r l t ~ i ~ t l o n  111t e a c h  m r t h c ~ d  1 s  ~ 1 1 l e r . i  i r !  F I ! ~ I J ~ ~ :  
c7- .._fa and 5t1, ~:>,!her-e ~ ~ y P 4 1 1 f : ! ,  . , -::',,.pE1<~! ".rid c: ,... RF .2 '7 '  

r e p r e - - e r l t  t h e  f r ~ q u e r l r _ ~ : ; ~  ~ c I c ~ r r l ~ . l r l  t l t-r lp l j ~ ~ l > l r I  i-1,:115p , ~ ~ r ~ ~ ~ ~ b ~ . j ~ ; ~ ~ ~ ~  
uf  t h e  t i r - 5 . t  3.nd .:.eri:~r~~I meth1::d. 



645-sum I r ~ g  t h a . t  i i l t h e r -  nl? i  .se r - t l n t t -  I b u t  i 1~1r1c. car1 tie r r e g l  c c  t e d  c a m p a r e d  
t u  t h e  pr-earr1p1 i t i rr- a n d  m i  cr-or~JhrJe m i x e r - ,  t h e  n o i s e  cc l r l t r .  i b u t  i grl 
o i  = a c h  m e t h o d  can b e  e x ~ ~ r e s s e d :  

F rom F iqu re . .  5 2  a n d  S b ,  w e  s e e  t h a t . :  t h e  ~ . e c a f i d  m g t h c ~ d  i s  b e t t e r .  
t h a n  t h e  f i r,:.1., t h a t  i 2 . ,  t h e  r i o t  5 r  ccrntr- i ~ I I J  t i EIrI o f  t h e  m i  crmt..~.jaue 
m i  >:PV i 5. 1 e s ~ .  t h a r r  t h e  FET a m p 1  i + i  e v .  11-1 I.! i  E.V..I ~f o p e r a t  i anal 
r e 1  i a b i  1 i t ~ ,  ~ I O I  E.P ~ c t r r  tr- i h u t  i c1r1 , es5.f .  a r i d  ~ j m e  of t h e  -s .>rr . tem, 
1.1Je haue d ~ r  i d e d  tr:r ~ : t i o o s ~  t h e  5 ~ 5 t e m  I,r.ji t h  t h e  m i  r_r .c~wave m i  x p r -  a-5 
t h e  i  r l p u t  ~ . t a q r  c1.F the* ph;tse--l eaek:ed r e c p  i v e r .  

T h e  1 8 6  MHz '.SC::(U ha,s k1etl-n c h f i z - p r ~  3s t h e  h a s  i  c ~1.2.c i 1 1 a t o r  i rl t h e  
F R E I  I R h  maser- .  +fr.i.~sur~nrr':.' 5.ta.ndar.d. T h e  r e a s o n s  a r e  summar  i zed 

1 t, e 1 QVJ : 

j I n  ?.!ipw o f  t k ~ p  ~II:I~<;,E. c i : , n t r . i k ~ ~ _ ~ k r ~ ~ - ~  fur. f r e q u g r l c y  ~ . t a t ~ i l i t . : . ,  o f  
t h e  s,rstrrn, t h e  (!-4t11te p h a s e  r - ~ u i s e  s f  t h e  VOXO i s  m a s t  i m p o r t a n t .  
F r o m  F i g u r - e  4 ,  !-~e c2.1-1 z.ee t h a t  t h e  b ~ i - ~ i t e  pha5.e r l o i s e  a f  t h e  18CI 
IdHr  1-;.10:(0 i s i s-= t h  a-, JI h p  1 Q f-1Hz r.)CYTJ a n  ~j t h e  !j PfHz I..,)T;:g[t . 
T ~ E .  & : t i  w~az.er- -Creaurrnr.: /  s t a r ~ d a r - d  us. i  n q  t h ~  5 PlHz (JCXU haz.  beer1 
d l  ~ C I = J ~ . S . E . ~  p x  t e n s  I  1 . ~ ~ 1  ,Y- i r.1 r e + ' e i - e n r _ ~ ~  L 71 a n d  181 . I t h a s  b e e n  
.E.~I:II.A.I~I t h a t  t h e  W I H z  !..JC:::,<r::l i s  r j o t  t h e  b e 5 . t  c h o i c e  fur- t h e  Rt l  maser .  
f r e q u e n c v  -5 tandard .  

i 2:i The  r ~ r d e r -  rllf the t r -equenc- : . *  rriul t I p 1 i pr. wi 1 1  b r . e t j u c p d  w i  t h  
~ @ c . P E C ~  t g  t h p  5 PIHz I,..JC:::-<[I 2nd 1 8  PlHr I...!C:yilJ. T h e  n a i  se c ~ n t r  i b u t  i 
0 f  t h e  I C :  n-11~1 t: i p 1  i  ~ r . 5 "  o . ~ i  1 1  tlb t i - 11~~  r e d u c e d  and t h e  
~ . t ? k l i  1 i  tr o+ t h e  m u 1  t i p l  I er. 1:ha.i n ca.n b e  i m p r o v e d .  

The f r e q u e r ~ c : ,  rrru l t i p l  i er-- ha:;. i n  I r l p u  t f r ~ q u e n c - : . /  of 5 MHz a n d  an 
o u t p u t  C r e q u e n r : ?  r_l+ 6886  I- IHt  . 'The r n e a s l ~ r e d  pha .se  n o i  5r s p e c t r a l  
dpnz. i  t y ,  r e S e r - r - e d  t o  fj t1I- l~ i 5 





7-he  c a c ~ t u r e  a n d  1 orb.: i r rg  r a . r ~ q e  a.re r - ~ c ~ t  t:r i t i  c a l  p a r a m e t e r - , .  i rl t h e  
act.  l l . . ~ ~  a t u i r ~ i  c f r - e q u e r ~ c - : ~ ~  s t a n d a r d ,  b e c a u s e  t h e  t w o  f r e q u e n c  i r i, 
a r e  a1 read:.,  err c l o 5 . e  t c ~  e a c h  nthpr.  arid s t a h 1  e .  

F r o m  t h e  P X ~ V E ~ C . ~  OTIS. ':4kb.) a.nd i47:1,  t h e  t rans- fe r .  f u n c t  i a r ~ s  of: t h e  
. f r . ~ q u e n c ' z ~  s t a n d a r d  sv+~. tcrn  can tlr wr- i  t t e r r :  

When 5 = Q.7'617. t h a t  i .  t h e  c r l  t i c a l  d a r r i p i n u .  (5811 a n d  ( 5 1 j  
tr! e I..,.) r i  t t e n : 

Idhen t / f  =: 1 . 5 5 ,  t t - l ese  t w c ~  tr-ar1.i.f er- f u r le  t i  or,.; ~ . q r _ r a l  . l - h e  rr 
f i r - s t  m e t h o d  o+ l o c ~ p  d e s i q n  f o r  t h e  FBR-11 i s  3. r n e t h c ~ d  o f  ~ I I I J ~ ~ I  

a p p r - o x i r n a t ~ c ~ n  cgf tn +,nd r 3 l c u l a t i l : ~ n  uf t h e  ~ ) a l u e s .  ixf ~ . r ~ d  -T2 
a . c c o r d i  n g  t o  t h e  e s u a t  i mns: 

I f t h e  c r o s s - c ~ v e r -  p c ~  i ri t o f  power - ? . ~ i e c  t r a l  d e n s  i  t:r o f  f r a c  t i o n a l  
f r e q ~ u ~ r ~ c : s #  f 1 u c  t u a . t  i on be t l . ~ ~ e e r ~  t h e  1 8 8  P1Hr v C X O  and t h e  r - e + e r e n c e  
. ~ . o u r . c ~  car1 t ~ e  i o u n d ,  5.uch as- ~ t e t i  n t  111 i  n  F i  q u r e  4 ,  d ~ n c ~ t e  t h e  
$ : r - e ~ q u e r r c ~ : ~  o f  t h e  ri-055-ol.>er. p o i n t  b-Y- a,rlij t h e  r ~ a t u r - 3 . 1  f r e q u e r ~ c . : ~  
c ~ f  t h e  1 mop c a n  b e  e x p r e s s e d  as:  

A n ~ t h e r  n'le t h r ~ d  rlf 1 l:lup d e 5  i q n  ru-lh I c h  ha.5. h e e n  app 1 i  e d  t o  t h e  PPP- 
I 1  f r e q u e n c y  s t a n d a r d  i s  t h e  c a . l r _ u l a t i o n  o+ f, f r o m  t h e  p p t i m u r r r  
f r e q u e n c y  s tab i  1 i t v  o f  ,the a l _ i t p ~ ~ t  s i g n a . 1  . A m i  ~ r a c ~ r j r n p u t e r  wac 





f 4  - 
IHl i f )  l Z =  

+ 4 + +  4 
rl 

Thu  5 . p ~ ~  t r a l  d e n s  i t:) o f  i r a c  t i o n a l  f r e q i ~ e r ~ c . : ~  f 1 I J ~  t t ~ a t  i  or l  o f  t h e  
m a i n  cu rnpc lnen tz -  i n  t h e  PER- I1  i s  f o u n d  t13 be 

t e r .  ,-.. k, : t : 2 .  .. t ; C I ~ I  Q.F < 63) -1:'5C;'i --I.: .d.Q j , t h g  nurrler- i  c a l  e u a l  u a t  i on of  
.?' 

I C58j car1 t . 1 ~  o t l t a i r ~ e d .  I t  i s  z.howp I ~ I  F i g l j r p  .!. 
L J ? I : . ~ T  I :  f -  =: 1 kHz  a n d  a l o c . c ~  n ~ t r j r ~ , l  f r e q ~ j e r ~ r _ ~  o f  

C 

f rl = 2 # 0  H z .  We s e e  that b.:,>,i-ij ~ ~ C I I . A J ~  a i-I d e p e n d e n c e  1:Iuer t h e  
r a n g e  oC a v e r a g i n g  t i m e s  f r o m  2 m s  t o  1 s and a ;fY d e p e r ~ d e n c e  + o r  
suer -ag ing  t i m e s  ,T > 35. A c c a r d i n q  t c ~  F i  g u r r  6 ,  t h e  t i m e  domain  
~ T - E ~ I J E ~ I C Y  5 . ta .h i  1 i t y  C-T~,~,,C,.T? can t i e  e x p r . e r . s e d  a p p r c t x i m a t e l  y a s  

F r c ~ r n  t h e  5 - e c o r ~ d  d ~ s i q n  m e t h o d ,  I>~-IE e 4 > a l u a t e d  t h e  a o t i r n u m  v a l u e  c ~ f  
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PBR-I1 f r e q u e n c v  sta.nda.rd bias m e a s u r e d  u s i n g  t h e  cc?nf iqurat iccn 
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9 i g , 1 .  Liavic c o n f  l l ; u r a t i c n  of 'ti: !!~;ir_ic+r frequi:nc;; . ; tanA;ird 

Fig.2. Basic b l o c k  d ing ram of phaue - locked  s y s t e m  



Fic.4. Frequency-dom:iln a t a b i l i t y  of main components 



Fig, 7.  General block d l u ~ r ~ t r n  of n maser receiver m d  m n i n  

n o i s e  contribution 



Fig ,5-  a Frequency-dornain f r equcncy  stability o f  two 101:-noise receives. 





T c s ,  
Fig ,6 .  Evaluated t h o - d o m a i n  f r e q u e n c y  s t a b i l i t y  o f  PBR-I1 
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Fig.7. Eva lua ted  va lue  of  t h e  t h e - d o m a i n  frequency 

s t o b i l i t y T 6 y ( a l $  V e n u s  l o o p  n a t u r e  f r e q u e n c y  f M  

f o r  =o.I", f c = l ~ i ~ i z .  



1. r 1 ~ , 8 .  E x p e r i ~ e n t a l  s e tug  used  jn z n s s u r s a o n t  o f  P3Z-I1 frequenc~u'  s t a b i l i t y  f o r  

z v e r l i ~ i c g  t i 7 8  7 = I  0 0 ~ - $ - 1 0 0 ~ .  

Fig.9. E x p e r i m e n t a l  s e tup  used in neasicremcnt o f  PHS-I1 Frequency s t s b i l i t y  f o r  
tns- ,  OOxs 

everaging t b e  =2 
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Fig.11. E x p e r i m e n t a l  s e t u p  used i n  moasurernentv n o i s e  c o n t r i b u t i o n  o f  phxse-locked 

y e c e i v e r  (a) and M i c r o w a v e  s y n t h e s i z e r  (b) 



( b )  

Fig.12. P r i n c i p l e  b l o c k  d i ag rxn  o f  Fi/:.l la, and iJig.11 b ,  



Fig,13. Phase-locked receiver  n o i s e  contributions measured in 

t he  t h e - d o m a i n  f o r  fk=1 KHz. 



7 7 .  r lg.14. B l o c k  diagram o f  m c a s , ~ r o n e n t s  Rb z:lser frequency stability. 
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F i g  .l5. Time-domain f frequency s t a b i l i t y  o f  9 b  maser. 



'ig -1 6. Time-dn:criin fref . luency s tabi l  i t y  
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