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‘J’IIC! 1“1’C!C]UC!JIC,J’ St2111(liiTdS  1 ,Fil)O1’21t(ll’j’ a{ tlIc .lct 1 ‘ro])ulsj{)]i  I ,almratory  is illt  Cw:stcd ill dwclo])il  IF;

ultrastal.)]c  fil.)m o])tic frcqucII(y  distI  il.mi io]) systc]IIs for tlIc 1 )cq) S])acc  IQetwoIl{, w] Iic.11 lrou  ld allow

for tllc clistlil.)lL]tjc)]l c)f IIip;ll qui]lit)y IIiicrowavc  local osc i l la tor  si~,llals  to scw  al aIItCIIIIaS  fro]lI  a CCIItlral

distrilmtioll  ])c)i]]t( ‘J b ]ncd tlIc rqu iral)c]lts  of suclI  systmris  1+’lli(ll  will  trn]lsl)lit  m’a smwal  tc]Is of

klns aIId ruluirc  par(s  ill 10]7  st~]l)ilily  f(II 1000  s  avc]ap,i~l~, tilllcsl  filwr  o]Aic ~Kqur]iq’  distrjl.rutioll
s.jst,~ll,s  [!l,l])]oyjll,y  ~~,t,jv~ I)]I:I,SC [;()~l-l])r.]js;lti()ll  t,w]llli(]ucs OTC l) Cill{\  studid..>

*’J’IIc ]c.w.arcll  (Ic.sc]il, d ill tl, is JIIII,(I  WZISCiII I id mIt by tl,c Jet l’lq)ulsiol,  1,allorat w y, (hlif(u  tli:( lri:(il U(C of ‘lkclIIIc,lo/,.Y,
uldcr It co]d,rac~  w,ii,ll llIC Naticu\ztl  Ac]c)]lau(ics  aIId S])w(:  A(llt)inist rat  io]l.



‘1 ‘lIis palm  clwwjbm  an adivc  w i d e lmncl filmr  o])tic fIcquclIcy  d i s t r i b u t i o n  systmn  wllic]l  clnploys  a

tlIcIInally  cc)lltrolld  p]lasc coln]mlsator  to stahilizc  l)lia.w  val iatimls  arising,  fmn c!lll~ilc)lll[lclltal  tclrI-
pcraturc  cllallp,cs  Occurrjllg  along; tlic distribut,ioll  cal.dc.  ‘J’]Ic  d i s t r i b u t i o n  systwn  utilims  l.)idircctiollal

d u a l -  wavclcIIF,tlI  o] )t,ical traIIsI  rlissioll  to I mvidc o] Aical  fccdl  mck of illducd plI.asc  varjat  iolis cIf 1 0 0

M 117,  sip;aals  propap;aiilig  alcmg  tlIc dishil.uticnl  C.ilbloo ‘lllIC  ]dImc c.c]ll-t])cllsatic)]l C.ollsidcwd  lIcIc dif-

fers  fmll  ear]icr  IIarrow-  ])a?]d l)]IXC  co)nlmlsatioll  d(:sigIIs  ill tlIai it u s e s  a t] IcrIIIa]]y contmlld  f i b e r

dc]ay  c o i l  ratlllcl  lJIan  a V(;() 01 plIasc lriodulatioll  io col I”I]mIsatc  fol illduccd  ])}Iasc  Valiat,  iol)s.  ‘]lWTC)

tIdvaIItaF,cs  of tlIc wide  I)alld  systmn  mu ear l ier  dcsi~lls  am (1 ) tlIat  it pI ovidcs  plIasc coI])]lcIls2\tioll

for  al] tlallslnit,tcd  frcqumcics,  and  (2)  tlIc c.oll-l]~clls:]tioll”  is ii})])lid  a f t e r  tllc o])tical iIltcrfacx:  IatlIcr

tlliill  Actmli(:ally  al mad  of it as ill wiI liu dcsig,IIs. in tlIc lIcxt scctioll, t}Ic dmigll  issues of ]mssivc aIId

adivc frcqucnlcy  distrjhtioIl  S(:l ICHI-ICS  al c discussd.  l+lknvili~,  t}lis,  tllc dcsigIl of a  tllcrjnal  stahilimr

and cc)lrcs])t)ll(~illp;  liIlc!ar  trallsfm  fuIlc.tioIl  dcscI il~illp,  tlIc dynalnics  of a f}lcrlnally  cOIIt, rollccl  frcqum]c,y

(Iistrilmtion  sJ’stcJn  arc presc]ltcd,  lrillallyj  cx]mi)IIc)Ital  wsu]ts obtaillcd  fmlll a tlI(311-Ially s t a b i l i z e d
3.8 kla  dist,ril)ut,ion  systcIII  arc c;ivcII.

I’A SSIVM VIN{SIH ACYI’l Vlt 1 )1’;S1 GIN S

‘1 ‘lIc ]Jrcfcrrcd  tlralls]llissioll  II]diulrl  fol distI  ilmtillp;  1{1”  frqumlcy  sL311daNls  at .11’1,’s ({old stollc  1 )cwp
S p a c e  lNctwoIl<  A~ltc~llla  &III])]cx  is  c)])tic.al  filwr  CZIIJIC. ]Ji$,. 1 (a )  d  cscrjbcs  a ty])ica]  o]~tic.al  fil )cr

frcqucmcy  distribution systmn  installation. A 1 lydmp,cII  I nmm  located at a si~,]ial 1 )mccssillg;  ccIItcr

(S1’(}) i s  used k, i]n,wcss  a IIip,l]ly  Stal)lc 100 MI17  1{1’ lcfm(!]lc.c Sip,llill  01!  all o])tical car]jcr l.Iy  i]ltcnsi{y

II](dulation  of  a  sc)l-lico]ldllctc)l laser, ‘J’llis  si{:lial i s  sul)scquclIt,ly  t,rallslllittcd  aIId distril)ut,cd  to a

rcl  IIotc arltclllla  v i a  a burjcd  o])tical fihm.  1 lo\\w\’c!I, l~ccause  of Clll’jlc)lllrlclltal  tc)r]]waturc  variatic)lls

tllc o])tical  ]mt]l  lcxigth  l.)ctI$wlI  tl]c S1 ‘(l alId a~dc)llla  is ulIstal)lc.  ‘1 ‘Ilis cflt:ct is olmrvcd  at tltc alltcnlla
ill tlIc forln of a ilic]ucd,  tilnc  viiryillg  distllrl.mllcc  plIasc allp,lc 011 {IIC dis tr ibuted 1{11’ s t a n d a r d ,

1“0]  i] lillslllissioIl  systclns  cln])loyillr,  su])crior  c)l)tic.al isolatio?i at, tlIc l:iscr  trallslnittcr  outlmi  as VW]] as

an adcquak  sigylal  to noise! ratio,  tl]c fIqucIIcy stability of the)  distlrihuld  s(a]idad  is ])]eclo]I]i]latcly
dc]wlld(!lltl  u]mlI  tlIc aln~ditudc  alId tililc Cllill-aC.tCl”iSt  im o f  tlIc tllcrlna]  disturlmllcc  ciltxts [ 1 ] .  1/01

p a s s i v e  tlallsll-lissicnl  dist,rilm(liml  dcsip;Ils,  tlICIIIIal  cll~’il[)lllllcljti]l  Mcwts calI l.w rcduccd  l)y Ijuryillg:  tlIc

o]~tical  fibcw u Ildcrgmulid  alId Clll])loyilig  fil Ims l]aviIlg  slllall ilICrl  I-Ial  cocflicients  o f  d e l a y s .  ‘1’wc) way

trallsl]lissioll  t e s t s  (t]losc that arc i?idc})clldcllt  of tile stahilitly  of tlIc: f] CqUCIICy  lcfcmlc.c) ]mfor~ncd

l.)y (hllIouII [2] o]i ultrastahl(!  fi(!ld i~lstallcd  distril]utiml  links  c~ll])]oyilig  tl]csc  II~ctlIocls  lIavc SIIWVJI
16 ~(,~l)j]it,j~$  f~)l ] ()()0  sccolld  avcrag,  ill?;  tilmoto be c.almblc  Clf acllicvjng  ])arts  in 1 0  ,

‘JIN’O way tests ])cl’forlncd ml distl’il)utioll  Systclns  Clll])]c]yil!g,  statt!  of t]lc al’t fiber c)])tic! trallsll”iittc!rs

HI Id rw.civcrs  ulIclcr  ideal,  {lIclJIIally slal)le  lalmlatory  co]ldit im)s at,  J 1 ‘ lJ lIavc  slIowII  tllc c.a}~ahility  o f
17 ~(dl)j]it,i~:s  (,~)~]  1 ()()() sc(”oll~is.acliicvillp;  ])arts in 1 0  ,  ,“ ‘lb 11’)aiJliiliIl  tll($c lv\ds  of stal)ilitics  ill a fidd

illstallatio~l  wlIcm tllc cllviwlilllc]lt  i s  tlJ(~IIIJally  uIIstalJl(l  alId tIaJls  Inissio)l  distal]ces  lnay  span scvcra]

tcIIs  o f  ](i]olndcm,  clistributio)!  systcIII  d(wi~,Ils cva])]c]yi)l~ a(:ti\w  ])]lasc  co)l-]])c]lsatioIl”  tcdiniqucs  ]Iavc
bCCII  a sUIJjCCt,  Of 1 HKXIIC]I  aJld C] C\”C]()])lll(!llt. l’ip;. 1 (1)) illustrates t)ic ])1 illci])lc  of ol)cratioll  mn]doycd

by a distriljutloll  syshn  utilizing active ])lIasc  st?]l)ili7,[Jtit]11. 1 II tliis SCIICIIIC,  o])tical fccdlmck  i s  cln-
])loyc!d  to SC!IISC! tlIc tlIcIInal  distullmllce  al(jIIp; tlIc distribui  ion ciildc  tlII ou~;lI tlIe usc  of  a  bac.kwald

travcl]illg  o])tica]  carrier  su])])ort  illp, tll(!  distr;butcd  1{1”  s t a n d a r d  at tli(!  anlmIIIa. ‘1 ‘lIc rcsultiIl~;  fccd-

bac.k sip,Il al t]] Cn [i riws  S] )CCii~l  still i 1 izol c i r c u i t r y  al,  tlIc S1’f;  Jvlli(:ll ill t,urli a d j u s t s  tllc 1{1~  ]hasc
at tllc tralisnl:issioll  clId to ilCti\](:l~  (: OIlll)(u  Isatr;  fol’ tll(! distull)arl(c  al Ip,lc illducd  iLIOl)~, tlIc forward

dil Wioll  c)f distl  ihutiw,  hlal J w- lmIId stal)ilizatio]l  SCIICIIIC,S  clli]doyi~l~; a  \~C()  or })llasc  lndulaticm

tc) .p,(:llc.rate tlIC II CCCSSaTy  ~()]ll])[~]si~ti]}{!;  ])lIiIsc  HTIp,lC II:IVC  1.ICWI dcsijI,IIcd  ill tlIc l)ast at .11’1, l.y  ],utes
[ 3 ] ,  l’ri]],as  [ 4 ] ,  :llld OtllCJs  wit],  \:~]yi)ig  illlLC)UlltS  of SII(CC$+J. 111  C’ii(’11  (If tll($l(! SCJICIJICS, tllL!  C.OIl”l])CIl-



sa{,io)l w a s  pcrf’cmncd  0 1 1  t,lIc IIarIww  lmTId  ltl~  distriln]timl  sif;IIal  ahcac]  o f  t,hc optical  ilkrfacc.  All

altcr]latjive  wide  l.)al  Id scl  Icl Ilc Shall  IIow lJC ]~lrxlltd  wllicll  prcwidcx  coltl])cl}s:ltioll”  for wide  l.mIId l{lr
sig]lals  aud  iIIvolvc.s  Inallipulatillp;  o]Ily  tllIC O] Aical  sig[lal  i t s e l f .

W]li](!  {]JC O]l~iCal  fih Usd  {0 (J’allS]WH’t  tllC ]{]J d;llld~l’[]  hCtWCCIl  t]lC! S}’c ZI?ld  :lllkTIIl~  ]1:1S ])1’CIVC!II  t,C)

l)C scglsit,ivc  to cll\rirolllllcJlttll  {CIJI])CI”:I{UI’(!  C]l?Jll~,CS ( a n d  I?,us suscc],til,lc  to tllcr]nal]y  i]td{Jccd plIasc

distl  Jrlm  Ilccs),  onc miF,lJt  ccnlsidc  J Clrlpklyill?,  tllc tJllcrJJ-ml  mwitivity  of tllc film also {0 ]novidc  t IIC IIcc-

-CSSaJ’~  CC)l  JJ])CIllSdtiC)lJ  k) lllll]if)~  OIJtSid(! diSt,lJI’l)~ll  CCS. A  stal)ilixatioJl  systcnll  lmsd  U]WII this  ]ncJllis(!  is

illustlratcd  ill l~ig. 2. SIIOWJI  iJl sclics  with  tllc clistril)utio~l  cahlc  is al I ad(litiollal  lcIIgt}I of filler  l o c a t e d

iJlsid{!  a tlIcr JJlal  c:]cc.tric  cook!] (’~’l’;(l).  ‘1 ‘lIC! pur]w(!  of this sl)cc.ial  smtiml  of tllcrIIlally  c.o IItJdld  fil)c:r

iS to cm JlpcJlsatc  for ]C!lig(]”l  c]la?”lgcs  illdlJccd ill t]lc! diStl’il  mtiml  cahlc  hy ]) Catill  F; (01’ Cno]iup,  ) {]IC! SIJ”J?I]]

fil)cn coi] so a,’; to kcc])  t]Jc o])tical pat] I lcII~;tlI ] IctwccI”I  {]1[!  S 1  ‘(l a?ld  a]itc~l!la  collstallt,,  ‘1  l]IC cmlt,rw]
,“ 100]) i s  lnallifwtcd  b y  pmvidillg  a scco]ldary  (ranslllissioll  link  l)ctuwcll tllc alltclllla  a]id tlIc S1’(1. III

t]lis C.aSC  {]IC ;I)l”ilnal”y  tl”allSIJJiSSiOll  SyStCl)l tJ”ijllSll15tS  {]IC fJ”C(]LJCIIC.y I’cfm!l!cc t]l J’OIJ@ t]lc ‘] ‘]’;(:  aT Id

(Iistril)ution  c.al-)le  {0 tJIJC a?ltcnJ)a  rccci~’cr,  wllilc tlIc s(!c.ol Idar.y  trallslnissio)l  systc]fl  rctur]ls  tllc dis-

torted ~]~ltc]l]la signal  b a c k  {c) tlic rcfcl CIICC CIId  tll~ougll  {II(!  SaIIIC!  o])tical f i b e r  pat,ll.  ‘J ‘o iso]atc  t}IC

fo)\iri]l(]  iITId lmckward  t,lallsl]”}issicl~ls,  (]IC ]M i~flary a?Id scco~idary  ]illks arc su])]x)rtcd l.y two  diflt!rcllt
0] )tiCill  WaVC]CIlgt]  IS al Id Si#,l  I iIIS gCl  IC1’~k]  1 ))~ Cac}l  S’@!l II iJl c 1 OIJ k!d to a] )])1 ()])1’ia{c N!ccivcr$  1 )y usc
o f  vt’avc]cII~;t,l  I divisiol)  lllu]ti])]cxcJ’s  (w] )h~s) at (!ac]l CIIC] o f  t,]lc COII”IJIIOII tJ’?il  Islnissioll  ])at,]I. ] ‘] I:ISC

detection of h feed hick  1 {It si~ll al fm n t]Ic sew Id a~’y  tl”a?lsl  ]“lissiol  I systc]  J] ] )Jm’ides rJI”I CI’J’C)J’  sigl  I a]
usd to drive l.,l Ic  ‘J ‘I’;(;  .

1{1~  Sip,llal  flow t] IJwuf;]I  t]lc! zJdivc  (]istl’illutioll  SyStCJJ”I  is i]]ustratcd  in ]~ip,. 3. lp,llc)rillg  ])llasc difltxnlccs
arisillp; fmln  awrag,c  t] allsiL dc]ays,  it i s  olwrvcd  frolll t h i s  diil!,l’~111  tlIat tll(! ])1 Iasc c)f tllc 1/1”  si!,rlal
lcccivcd  at tllc~ antlclllla  alc)ll~ tll(~  })liltlary  trfi~lslnissic)ll  ]Jaill  (pat])  1  )  is 0]]/ = fllkf  -1 $4(,’  -1 +]]).
‘]’] IC ])] IJISC! obsmvcd  al, i]Ic! scm)IId JT!c.eiw!r  at t]lc fro]  It CIIC]  M!su lti  Jig, frm J-J (] I c fccc] h:Jc.k traJlsIJiissio~l
]>*lt,ll  (])~itll  2.) i s  Ozl{  ~ Ol{cj -1 AL’  “1 Al) -1 932(;  “1 dwl). 111  IdcI conditions  wlIclc  tlic cc)ll-)})cllsatio~l

~lld  diStU~b:lTIC(!  ])]IWC :lll~,]CS  ilJ’C! ~])])1  OXi  JJlfitC]~ C(]U:ll  fOl”  t]l C) t,\$’O \WIVC]CJ@h  Cal’liCJ”S,  a C.] OSC{]  ]c)cI]>

tlJallsfcr  fullctiol) dcsc.ribillp;  t,l)c out;mt ]Jha.sc  allglc  of tllc a c t i v e  clistrilmtio]l  systt!l]l  lnay be writtlcll
a s

(1)

~i~]lclc  ]{},1) is {,] i C  l)] Ia,SC ~lct~{:({)]’  ~ailj  })Tl(j  1] (.s) d(!SCI  il)cs tlIC t] ’aIlsf Cr f~J]i(:tioll  Of tll C {]1 C1’IJl~l ])]li3SC

(:{lll-I])[!lIS:ltC)Y.  Nc)tc  t,hai-  i)l tllc a c t i v e  c.{llifip,~lratio]l, tlIc cfl’cc.t o f  disturlm~lcc  aTIF,lc  i s  rcducd l)y a
factor  1 -1 7KI~Ijll  ( s )  o v e r  al I cquivalcJlt  ])assivc  (listlil-]lJ(i(jll  sJwtcIJI.

A  SiJJl])]{! ]i]iCii]’ IJK)(]C]  d(!ScJ’il)iIl/,  ] ] ( s )  IIIay l)c [’X)llStJ’U(”t  C(] l)y ilSSll Jllill~  t] I:li. {lIC ‘]’]{;~  U)]d ])]?J{C

l)cltavw+  as a leaky illtcp;ra(or  (I]ctit  stoIa~,c ])]US ])c<It ]OSS) ilJl(~  t]l~l( ~,ll(! ~]lc’J’Jll?ll  iJl~Cl faC(! ~) Ct,WTC(!ll  (,]Ic!
CO](I ]datc  a]]d t]lc fibc] ldIavcs as a siJtlp]c  fimt 01’d(!J’  tlIc III-Jai  h)~, JICt\VOl’]{. ‘1 ‘1 I(! fro] Itl (!11 c1 of i!llc
‘] ‘]0(;  c.ollsist,s of a cuIr’cIIt  dJ ivm  It’]lic]l i s  colit:{)]](!d l)y :IJI iJl]NJt Vdt?](l,C. ‘] ‘]IUS t]lc t]l  C!lJli~] ])]1 WK!

CO IIl]W.llSatOJ’  tI’:\JISf(!l”  fu II(”tioll  (\kdts  ill to ] )] I:Is(! out) l])ay 1)(! IIlo(l(!lc!d :1s

L)
(?.)



~$~]lclc  ]fl ,J;c: is t,]Ic ‘J ‘]~;(; CUTICJIL  drivcI’  gai II, 1/0 is t}I(!  cold  ]Jlatc  tcln]wl  atlurc  t,ilnc  ccNIstalIt  rcsultillp;

froIn  a s t e p  cull’ cJIt i? IINIi alId ] /b  i s  t]Ic tilm cmIstaIIt,  of  t]ic ]{]{’  ]J]Iasc! iIlducm]  by t]ic ‘J’1’YG  film’
l’csultfillg  fro]  11 a Sk]) h 1“1] )C1’atu M! C&l ] 11 atc dmllgc. ‘J’lIis Irrodcl  k uIIdcml)kdly  c)vcIly  siln]dc,  but

it ]wovidcs  a stinting; poilli for the analysis to follow. lhn]doyiJlg;  ltq. (~) fc)r 11 (s) il,to  tllc ovcral]

tra~lsfcr  fu Ilctioll of I’k]. (1) fc)l’ tile actiw! f] cqumicy distrihtioll systcI II yiclcls a scxOIId CACI SyStJCII-I
ll~vi~ip; an l]IldC:]Cla]I-Il)CCi  lIatul a] fl’cquc]icy dcscril]cd  by

(3)

wlIcIc K  : 1  -1 21< JII)K2,1;c  is tlIc disturlmllcc  ])lIasc  colll]mlsatic)~l  factor cC)rIcs])oli(lillF,  to tlIc 1 )~
gai~l  o f  l;q. (1). ‘J’lIc  IIai,uIal fmqumicy  a,ld  pl,asc  ({,,,]],c]lsatiol,  factors  am  ]mIaInctcIs  W]IjC]I ,nay l.m

CilSil)T  ?ncasurcd  and  Clr]ploycd  to Clial  actcrizc  tllc Systclr I m v’il] bc Sccll  ill tllc lIC!xt scwtiml.

, .  I f ’  tlIc d i s t u r b a n c e  ])lla,w  al I~;lcs  illduccd  al(IIIp, tlIc t~vo trallslnissio~i  ]xitl Is arc si~,llificalltly  clifl’crcnt

1 )ccausc of d ifl~m!~ltial  d is] )ersioll  cfl’ccts 1 IctwccIJ  tlIc two  o])t,ica]  c.arrjcIs, tlIcn tl)c (:olll]>cllsatic)li  will
-/ +l~j  aJId i]] ]iu o f  aIIy otlIc  I adIwIIta~,cI)c dcF,Iadcd.  111  tJlis CW(! ~vlj  ~ ,  it cal I hc scwI tlIat,  it

i s  olIly  lwssildc  to colnpcl  Isatc for tlIc aI’(uaf,c o f  tlIc fmwar(l  alId lmcklvard  illduc.cd  disturl.mllcc
])]1 asc a] lF,](!s.  ] ](J]t~(!vC]’, tlIc i d e a l  co]n])c]lsfitiml  of l’;q. (1) IIIay  hc rc(wi’cI  cd if tlIc clisl)crsio]l cfkxt
1 Icl Iavcs a])])l{)lxilrlzit,cly  lillcar  sucl  I tlIat,  qt~7j 7S o(j)] ] )  a n d  4’2(;  = 0’+](:  for Solnc! C.c)llst  ?lI1l-  (Y o\~cl tllc

m n] )(!Jw)t4io)l  tJCI n] wratu m ran~,cs. ‘ J  ‘]IC mci]mcal  ]illcal  (:()~]l])clls~]tiljp,  cfl’ect  su])]~oscd  IICIC! I(!(luircs
t lIatJ  tlIc! tlICIIIIal  Stahilimr  C]nl)loy tlI(!  sal IIc fil )(I as  ut i l ized ill tlIc distribulio)l  cahlc.

A  frc!(lumic-y  (Iistrilmtioll  systcIn  illcor])olatill~,”  tlIcrI nally coIItIc)llcd ])lIasc  col~ll)c~lsatic)ll  u’as COII-

st, rudcd  aIId tc:st,cd ill t,l Ic test,  CJIaIIIIIC.Is of tlIc!  ll’(qUCIIC,  <y Sta IIda Ids 1,alIoIatoIy  at.  .J1’1,.  ‘J ‘IIC dist,l i-

lmtio]l  c.aldc  was  3.8  k]ns  ill lcJIg(lI  a]ld  utilim]  aII o])tical film  IIavi])g  a tllcrllial  cocflicimlt  of d e l a y  o f

7 ])])111/”(;  . ‘1’lhe  distribution cal.)lc  Was  lo(:aied  ill ?1 klIIlml atllrc Colltrwllcd test clIal II1.)Cr wllic.11  could

ljc ]) IwgYaImncd  to lnai~itaili  a co~lstallt tclti]watulc  OJ t} IcIIIIally cycle 10t;  siIlusc)idally  OVCI a 24 lIour

]~criod.  ‘J’IIc  mst of t}Ic distrilmtioll  syFtcIn  w a s  l o c a t e d  outside  tlic t e s t  cl IaIIIlm.  ‘J’llis il)c.ludcd  all
A’JI&.’J1  1300 n m laser slid  ill-  lIOUSC  rmcivcr  for  tllc prilnill}r  trallslnissi(lll  ]mt}I  allcl a l“ujitsu  1 5 5 0 1 1 1 1 1

li]s~] a~)d 1 I’J’1 ) mccivcr  for tlIc! scc.ollc]al  y feedback path. ‘J’l Ic 1300” IIIn lasm  was installed wit,ll  55
( 1 1  1 of o])ilical  isolatic)n,  whi]c tllc 1 5 5 0  1)11-1  lasm  ])mscsscd  35 (]]1  jso]at,ic)l). ‘J ‘IIC frcqucl  Icy s(ability  c)f

t h i s  systc]n ulJIclc.1  co] Ist,alIt  t,cln]mraturc  collditimls  I$ms  cstiltlatcd  to lx) 1 x 1 0 - 1 6  at,  1000  s avcragjn~;

tiltlw. ‘J ‘]IC su:l}p]icd  1{1”  I CfCJ’Cll  CC f] (:qurI:cy  was 1 ()() hg 1 IY., 01)( air}d froI  II H 1 ]yd] ogI,cTI Inasc I.

‘J’]Ic  t,]lcrlna]  ])]laSC Colrl])CIISato]’”  COllSiS((li of zoo”  III of ~ ]ll)lll/c’~; &lJjill  F; fib’ W’1’a])])(!d  ill a  6  il)C]l

100]) ]Mmscd  down 011 tlIc cold ])latc  of a ‘J ‘1;(;. ‘J b  illl])mt’c  tll(! tlIcrIIIal cou]~lill?,  bctwccm  tlIc cold
])]i]t,~ illld t]](!  fih(!], t]10’Jlla]  ]Hlstc  M’as  :I])])licd  lK>tW(’CJl  tllc! wi~lds  o f  tllc! f i l m ’  all(l illc  Cc)lcl  ]dalc.
‘J’IIc  t,lIcIIIIa]  col)~l>c]lsati~)l~  u~lit,  w a s  locatc(]  i~l S(I1 ics wit]l  tl~c ~{.8 k~lj film to ]woducc  a  total lncall

ol)tical ]mtlI  lcII~, LII l. Wt)WCCJI  tralls]lliltcls  aIId lcx”(!iv(, Is of ZJ})]ll’(N  ill)at  C’]~ 4 klil. ‘J’] IcIww  translnittcm

?111(1  rcccivcrs  VKYc  i~ltcrfac.cd  to tllc 4  1<111 Collllnoll  trallslrlissioll  ])ilt}l tllwll{:]l  tllc 11X of two  Wl)h4s

lIl:]llllfti(:t~llc[l  by JI)S. By disturhil}g  tllo e l e c t r i c a l  (lri~’c to  tlic ‘J’J~;C tlic lITIclc]cl:iTII]Jc(l  rcs])c)]lsc  o f
tllc disbiljuti[n]  systclll  could  hc olwrwx {. ‘J’lIwc cxj)clillwllts  IC\WIINl  ])iitl]?~l c)scillatic)lislla\~il)F;  a

l)crio(l c)fa])]>rc)xi)ll;itcl~~  5 0 s ,  l’lll)])lf]yillp, tl]islc  sllltli’itll  a])ll:lsc  c(llt]])c]isatic,ll  factor  ofl< : 4 0  (SCC

lrrtcr)ill  l’;q$  ( 3 ) y i d d s l / ( o h )  : 2533s? w}iicll  p,iiw a II I(v Isulc of tlIc ])mduct,  of tllc! iJltwJlal  t i m e
co IIstaIIts of t,l]c tlIcrIIIal stal~iliz{,r  (’J’1’;(;  alIcl d(lii~  fil>m  c o i l ) .



]l’jr,$.  4  a~lc]  5, sliow  the tlIcwIctical  aTId  cxlmlilnc!llial  AllaII clcviatiml  CUIVC+S  rcwllti]l~;  fro]n cyclhl~; t,}Ic
3.8 kl[] distrilmtiml  UI1)lC  1 *C. ‘J’ill)c  miclual  IIICFlSLIICIIICIItS  mrcald  a 115 ]m oscillat,iml CC)  IIC.SI)C)IIdiIIg,

t o  a 4.14°  peak  to ])cmk diuJma]  p] Iasc! s h i f t  at 100 hflllz. ‘1 ‘II(> msu]ti  lig tllcmc(icfil  All an d[!viat  ion

cquatiml  for tliis  diunlal  variatio]l  is, frolJl (~mc!IIIIall  [5], o(7) z ?A’o/7 si112(7~  V7 )  WIICJW 2XCI :  1 1 5

l>s aIId v = 1 /86400  117.  ‘1’liis  ex])mssion  is p l o t t e d  ill l~ig. 4 .  ‘J’he  cxJxwiInc~ltal  cul\~c of lrir;.  5. s) Io\\Is

cwidc]lcn  of ilIe  tll ICmnal  disturl.)allcc  staltli]lg  almut] 7  : 1000  s, w’lIcIc  it C3nmgcs  froln tlIc b a s e l i n e

])]l}~s~  IIoisc c]laractcnistic,  fiI~a]ly  lmkiTlp,  IICaI 7  z 43ZO()  S.

1{’ip;  6. sllmvs  ‘11}[!  cxl)clillic]ltall~’  dcvi\wl  AIIJJII dmrhtiml  curve arisi]lp;  fmrl  tlIc tllcrlnally  cyclill?; 3 . 8

kl n distril.)ution  systcxn  after the 200 m stal~ilizi]  IF; fiht!r  coil was acti vatcd. 1 ‘mk to pcmk  1 tl~ ph asc
variatio]  IS at tllc c1 istril.jutiml  systcu  n out] m t wwc. 01 wu vcd {0 bc ().1 040 wliicll corms]  m]ld to a 40 fold

mluctim  I cww tlllc ~lllc(~l]l]~c~lsatc:(]  msc. ‘J’llis  (:c)l[l])c:~lsatic)]l  fiJc.tor  Inay a lso  1)(!  i]ifwrcxl  l)y co]lnparili~
1~’i~,s.  5 a]ld G, altJIou{~,l)  tllcw  arc I]o d a t a  ]>oil)t,s at, tl}c tllwrctica]  ]Jcak at 7  = 43200  s  ill I{’iF;  .  (i

wlIuc this  olwwvation  slIc)uld bc IIIadC d i r e c t l y .  A1otc  tlIaL {IIC st, al )ilitly  of tlIC SyStCII-J for 7 = 1000  s
i s  ]  ]mlt,  ill 10]6. &In])arill~;  t,lIose salrlc cur~’cs  for s]nall  7s alsc) r e v e a l s  t,]lat  t,})c s(,abilizm  adc]cd 1 1 0

aIIIOmIt  J c)f si~;lllificaI)t  l)llase  l]oisc lwyoIId  tlIatl ]Jroduccxl  1).y  t}tc IIIlcc)ltI])c:Iisatccl  systmn.

A s  tlIc: {list]illl~ltic)]]  cal.)lc  was  CYCICCI  1 ‘(;, tJIe ‘1 ‘I IX} was ol.)scI\d  to v a r y  j u s t  u n d e r  20”(} wllicll  is
wllsistcult,  w i t h  tllc! 19 to ollc l’iltiO of o])tic.a]  fil)(!l lCII/,(ll S Clll])loyd  i]) tllc dishil~utiol)  C211}1C  aTId

tllcr~na]  s(,al~;  lizer. }Icm’cvw  for Ox])crilllellts  lastjrlp,  24 lIOuIs  or ]J]OrC) tllc tcltl]mraturc  c}laractcristic
of t]lc t,}lcrlnal  staljilizc:r  was olwrvcd  to drift, u]nva]d  ill {cIJlpcratuIc  and  r e s u l t e d  ill so]ncwllat  ltj~;l IcI

v a l u e s  o f  A]lan  dwiaticnl.  WC Micwo tlIat th is  tlIeIIIIal  drift  could  lJC coIJc(tNl  witlj  smr Ic additio]lal
W()]k. ‘J ‘]IC ]MWSC]It dat,a s]ic)w]l  ill 1(’i~y. (i is a IwOrd  of tllc 1 mst data  t] I at was olmclvcd.

C~ONC;l,lJSIOhTS

A 3.8 k~n active  fibm c)])tic  frcqumlcy  distril)u(ioll  S<ystwn  c!lllldoyi~l~;  tlIcIJI-Jail-y c.oIItIollcd  l,lIasc COIII-
l)cllsaiioll  ]Ias l.JccII l.)uilt  aIId kstcd. ‘1’lIc IN Otc)l,yJw  Systcl]i  CIclti[)lls(l?ltc(l  a 40  to o)lc il)-l])lo~~clt-lellt  ill

f requency s tabi l i ty  over  an cquivahlt  llTlCC)JI-I])CIJS:]tC!(]  frcqumlcy  distril)utioll  syst 0 II WIIC31 subjcchd
to a diur]la]  t,llcrJnal distulballcc. OIIC ad\’alItaF,c  of t,llis dcsi!,ll  o v e r  callim  cc)l]jj)cllsat,io]l  SCIICIIICS  is
tlliit  it ])rovidm  c.c]lIl]lcllstitiC)ll  over a wide ballcl  of trallslnittcc]  I{lJ frcqumlcics  sillcc  t}lc c.olnpcllsatic]ll

afkmlcd  1 ry th is  systcun  pu]poscs  ilo  I nail  l{ail I a C. C)] IStaIIt4  o])tic.al  ]xit)ll lcv IgtlI  bctluwc~i  t IIC frcquml  c,y

rcfcxc!llcx:  aTId  1,1 IC clis(rilm{imi  ]mi~lt,,  Also  tlIc c.c]Jl]l)cl~satioli  is a]qdicd  afb tlIc c)pthl  intwfac,c  ~atllcr
tlIalI  ill lJIc cdcctmllics  (bcfom  tllc o])tica]  illtwfacc),  as ])rovidcd  hy e a r l i e r  lIarrcJw- lmlId  Stabilizatic)ll

Scll(!lll(!s, AI IcIItlIcr advanta~;e  of tlIc tllcrInal  ])lIase cc) II I]w.JIsiJtoI  is its sill)])lc aIICi l o w  c o s t  desig,ll,
cln]doyi]lp;  oJlly  a  coil o f  film ill a ‘1’J+;C.  ‘J ‘II(! {11(:1 IIIal stal)ilizm  a l s o  pmscsscs  \my  lit tlc illt,ri~lsic
J)]IW! Iloisc  o f  its O\~TJ1. lJlifoI tUlIatCly)  1110  (:olll]~cliszlti[ill  p r o v i d e d  hy tlIc tllclIIlal  stal,ilizcr  dcsi~;ll

is r e l a t i v e l y  slow,  and  t}Ius disturlmims  varyills  lms tlJa II sm’c’Ial  tells c~f scc.o IIds CaIIIIOt  bc ]Mml>
C1’ly  (:[;111])(H Isat!cd  . 1 Jcmwvcr,  for  IJIOSt a}q)licatiolls  ill t IIc 1  )cw]) S]mcc NctJ~wrk,  tJIc ]arp,cst  source  of

fm~uclIcy distrilmtioll  illst  al)ilities  a r i s e  froln diurl~al  ellvi]  OIIIIICIIt,al tclli]mratum  valiatiolis.  III tJlis
c.asc!,  tlIc tlIcllIlal  Cm)trolld  Still ~ilizcr  ] ) rm’ides  a silll])lc,  low lloisc,  alId low’ cost md)anisln  for adivc]y

Ill:lilltili Jlill F, ultrastablc  fJqucJICy  rcfc]cllcc  d;sllihutioll  ill tlI(uIJIIally  uJIs(:Ll)lc: cIl\’ilc)llJr]cllts.

‘J’IIc  au(lIo  Js w i s h  {o tllm)k  hqi~lli](,l IIuy,z(!t ti for II is ill~’all]al-~lc  assist  al)(c  in tlIc 1:11.)c)I:ltoI)~,
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(a) Passive distribution

(b) Frequency distribution with active phase compensation

l’igure 1. Fiber optic frequency distribution systems.
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l’igurc 2. IIlock diagram of a fiber optic frequency distribution system employing thermally
controlled phase compensation.
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Figure 3. $ignal flow diagram of thermally stabiliwd fiber optic frequency distribution system,
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l:igure 4. “J”hcoretical  AlIan deviation curve arising frcm] a diurnal phase variation having a peak
to peak time residual of 115 ps (4.14° at 100 MI17,).



I
@3[;._A .,. ~~

1’

.,

~~-14 ;,7 . . . . . . . . . . .
t.,~
L.

# [

.:10 .-1 5~: . . . . . . .
::M :.;.,
;..
i:

~ ~-16 j; . . . . . . . . . .
,.
●,..
1-.
:.
:,

i.
~ ~..l ? {.,,,  $,.!..  J. i i.!.!

. . . . . . . . . . . ., . . ..— - . -. . . . .

1._ ———. - ——-. ,. . . . .~ ,;:$!
,. .e6m8, 0,,-_ ,---,,

b-3DB17
#36
‘1

I.- . . ..-. . . . . . . . . . . . . . .- . .

I .! . ...1.1 1111!1 .i.,1. !...l  ..!.!.!.

10-1 10° 10’ 102 103 1 04 1 @s 106
tau, s

]igure 5. Experimental AlIan deviation curve arising from a 3.8 km, 100 MH7.  passive
frccp.mcy distribution system cycling 1 “C over a 24 hour period.

Figure 6,
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l~xperimcr~tal  Allandeviation c~lrvearising from a3.8kn~, 100 MHzactivcly
compensating frequency distribution system consisting of a 3.8 km distribution cable
(cycling 1 ‘C over 2.4 hours) stabili7cd by a 200 m coil under thermal electric control.
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