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AB STRACT 

U s i n g  a  h i g h - q u a l i t y  e v a c u a t e d  w a l l - c o a t e d  s e a l e d  c e l l ,  

f i r s t  m e a s u r e m e n t s  o n  t h e  f r e q u e n c y  s t a b i l i t y  o f  t h e  

6835MHz 0-0 r u b i d i u m  87 hyper£ i n e  t r a n s i t i o n  a r e  r e p o r t e d .  

The i n t r i n s i c  l i n e w i d t h  i n  the  24cc c e l l  was ' 1 0  Hz FWHM. A 

s a t u r a t e d  a b s o r p t i o n  l o c k e d  d i o d e  l a s e r  provided a  s t a b l e  

o p t i c a l  pumping l i g h t  source.  A v a i l a b l e  e q u i p m e n t  showed a 
-1 2 

m o n o t o n i c  f r e q u e n c y  d r i f t  r a t e  of  " + 1 x 10 / d a y .  

A d d i t i o n a l  e x p e r i m e n t s  a p p e a r  t o  c o n f i r m  t h a t  l i g h t  g a s  

d i f f u s i o n  i n t o  t h e  c e l l  i s  t h e  c a u s e  o f  t h i s  d r i f t .  The 

observed d r i f t :  i s  c l o s e l y  matched by the  c a l c u l a t e d  r a t e  due 

t o  t h e  d i f f u s i v e  i n f l u x  of  a t m o s p h e r i c  helium through t h e  

c e l l  w a l l .  I f  such d i f f u s i o n  i s  the  dominant cause  of d r i f t ,  

improvement  i n  f r e q u e n c y  s t a b i  L i ty  by o r d e r s  of magnitude 

should be p o s s i b l e  w i t h o u t  p e n a l t i e s  i n  s i z e ,  w e i g h t ,  o r  

c o s t .  

I N  TRODU CTION 

The h y d r o g e n  m a s e r  i s  a we1 1-known example  of a  f requency s t a n d a r d  u s i n g  

wa l l -coa ted  c e l l  technology.  The d e v i c e  i t s e l f  h a s  been c a r e f u l l y  r esea rched  

and  s t u d i e d .  A good u n d e r s t a n d i n g  o f  L i m i t i n g  and s y s t e m a t i c  e f f e c t s  h a s  

been ach ieved ;  t h i s  p r o v i d e s  t h e  b a s i s  f o r  t h e  e x c e l l e n t  performance of t h i s  

f requency s t a n d a r d .  Although use i n  v i a b l e  f requency s t a n d a r d s  h a s  y e t  to  be 

demons t ra ted ,  wa l l - coa ted ,  evacua ted  ce 11s can  aLso be used w i t h  rubidium or 

c e s i u m .  The atom c o n f i n e m e n t  mechanism i s  s i m i l a r  t o  t h a t  i n  t h e  hydrogen 

maser. Wall-coated c e l l  work a t  Duke U n i v e r s i t y  h a s  p r e v i o u s l y  r e p o r t e d  

o b s e r v a t i o n  of n a r r o w  l i n e w i d t h  0-0 h y p e r f i n e  r e s o n a n c e s  i n  Rb87, Laser 

d i o d e  o p t i c a l  pumping f o r  s i g n a l  a c q u i s i t i o n ,  and  o b s e r v a t i o n  of v a r i o u s  

p a r a m e t e r s  a £  f e c t i n g  t h e  0-0 h y p e r £  i n e  t r a n s i t i o n  i n  Rb87. [ 1-31 These 
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p r o m i s i n g  r e s u l t s  e n c o u r a g e  f u r t h e r  i n v e s t i g a t i o n ,  e s p e c i a l l y  of  t h e  
I d e v i c e ' s  f r e q u e n c y  s t a b i l i t y  a n d  e x p l o r a t i o n  of l i m i t a t i o n s  on t h e  
I 

s t a b i l i t y .  The a r ea  of frequency s t a b i l i t y  i s  a  primary cons ide ra t i on  toward 
I 

I u s e  of wal l -coated c e l l s  i n  frequency s tandards .  Qui te  d i f f e r e n t  sys temat ic  

e f f e c t s  ope ra t e  i n  t h e  evacuated, wal l -coated Rb d e v i c e  a s  opposed  t o  t h e  

g a s  c e l l  Rb frequency s tandard  . . . they a r e  very d i f f e r e n t  devices .  I n  t h i s  

I paper ,  we r e p o r t  f o r  t h e  f i r s t  t ime on t h e  frequency s t a b i l i t y  measured wi th  
I 

I a  h i g h  q u a l i t y ,  w a l l - c o a t e d ,  e v a c u a t e d ,  s e a l e d  c e l l  u s i n g  t h e  Rb87 0-0 
I 
I hyper f ine  t r a n s i t i o n .  

I 
I 

APPARATUS 

I An evacuated, t e t r acon tane  wa l l - coa t ed ,  s e a l e d  c e l l  of - 24cc volume was 

p l a c e d  i n  a  TEOll mode cav i ty  and i l l umina t ed  w i t h  Rb D l  l i g h t  tuned t o  t h e  

I? -> F' = 2 -> 2' o p t i c a l  t r a n s i t i o n .  The l a s e r  d i o d e  p r o v i d i n g  t h i s  

~ r a d i a t i o n  was l o c k e d  t o  t h e  o p t i c a l  t r a n s i t i o n  by a  s e p a r a t e  s a t u r a t e d  

abso rp t ion  package. [ 31 A magnetic f i e l d  of 1.5G was app l i ed  along t h e  a x i s  

o f  t h e  c a v i t y .  A k l y s t r o n  phase-locked t o  an hp5100A frequency syn thes i ze r  

provided t h e  ' 6835MHz f r e q u e n c y  r e q u i r e d  t o  o b s e r v e  t h e  0-0 h y p e r f i n e  
I 

t r a n s i t i o n .  The s y n t h e s i z e r  was frequency modulated a t  a  lOHz r a t e  f o r  t h e  

purpose of resonance in t e r roga t ion .  Lock-in d e t e c t i o n  of t h e  lOHz s igna l  and 

I f e e d b a c k  t o  t h e  5100A0s s e a r c h  o s c i l l a t o r  input  locked t h e  syn thes i ze r  t o  

t h e  0-0 resonance. The search  o s c i l l a t o r  frequency was counted by an hp5245L 

1 and  c h a r t  recorded us ing  an hp58OA D/A conver te r .  The s tandard  input  t o  t h e  

1 syn thes i ze r  was der ived  from an O s c i l l o q u a r t z  Model 3200 Cesium S t a n d a r d .  

I I n  t h e  a b s e n c e  of l i g h t  and microwave power b r o a d e n i n g ,  a n  i n t r i n s i c  ~ l i n e w i d t h  of * lOHz FWHM was measured  f o r  the 0-0 resonance i n  t h e  c e l l  

I used, V i r t u a l l y  no Rb spin-exchange broadening con t r ibu t ed  t o  t h e  l i n e w i d t h  ~ s i n c e  a l l  measurements were done wi th  t h e  Rb stem temperature  maintained a t  ~ 0 22  C .  The l i n e w i d t h  unde r  o p e r a t i o n a l  c o n d i t i o n s  was  " 30Hz. M a j o r  
I c o n t r i b u t o r s  t o  t h e  ope ra t i ona l  l inewid th  were t h e  o p t i c a l  pumping process  

( l i g h t  i n t e n s i t y )  and mi.crowave power s a t u r a t i o n .  The wal l  s h i f t ,  def ined  a s  

I t h e  0-0 f r e q u e n c y  i n  t h e  c e l l  a t  ze ro  magnetic f i e l d  minus t h e  f r e e  space 



h y p e r f i n e  f requency ,  was determined t o  be ' -8OHz a t  40°c. The l i n e w i d t h  and 

w a l l - s h i f t  pa ramete r s  i n d i c a t e  a  wa l l - coa t ing  of h igh q u a l i t y .  

Our r o u t e  t o  measurement fo l lowed the  path  of minimum c o s t ,  w i t h  a n  e f f o r t  

t o  maximize the  i n f o r m a t i o n  g a t h e r e d  us ing  equipment a v a i l a b l e .  Thus we term 

o u r  r e s u l t s  ' p r e l i m i n a r y '  s i n c e  t h e  a p p a r a t u s  a n d  m e a s u r e m e n t  

equipment /  t echn ique  should be modernized and the  d a t a  base  expanded. 

RESULTS 

A m e a s u r e d  f requency  d r i f t  of * 1 p a r t  i n  1012/day was obtained. This was 

de te rmined  by measur ing t h e  s lope  of the  c h a r t  r e c o r d e d  s e a r c h  o s c i  1 l a  t o r  

f r equency  over  a s e v e r a l  day time span. We were no t  a b l e  t o  c h a r a c t e r i z e  t h e  

A l l a n  v a r i a n c e  because of equipment l i m i t a t i o n s .  

A q u e s t i o n  may be asked abou t  the  p o s s i b l e  cause  f o r  such a n  observed d r i f t .  

A number of pa ramete r s  a r e  known t o  a f f e c t  t h e  observed f requency  of t h e  0-0 

t r a n s i t i o n .  Among t h e s e ,  a p p l i e d  magne t i c  f i e l d ,  l i g h t  i n t e n s i t y ,  de t u n i n g  

o f  the  o p t i c a l  t r a n s i t i o n  from r e s o n a n c e ,  and c e l l  w a l l  t e m p e r a t u r e  h a v e  

b e e n  c h a r a c t e r i z e d  p r e v i o u s l y .  [ 3  1 The e x p e r i m e n t a  1 c o n d i t i o n s  u s e d  

presumably were under s u f f i c i e n t  c o n t r o l  t o  r u l e  o u t  t h e s e  s o u r c e s  o r ,  a t  

l e a s t ,  make them u n l i k e l y  p r o s p e c r s  a s  the cause  of t h e  observed d r i f t .  

The d i f f u s i o n  of l i g h t  g a s e s  i n t o  t h e  c e l l  i n t e r i o r  p r o v i d e s  a p o s s i b l e  

mechan i sm f o r  s low f r e q u e n c y  d r i f t  i n  t h e  evacua ted ,  s e a l e d  c e l l .  [51 For 

example, c o n s i d e r  the  d i f f u s i o n  of helium g a s  due t o  t h e  n a t u r a l  p r e s s u r e  of 

h e l i u m  i n  t h e  a t m o s p h e r e  ( 4 p a r t s  i n  l o 6  ) through a Pyrex g l a s s  w a l l  of 

O.lmm t h i c k n e s s .  The known p r e s s u r e  s h i f t  c o e f f i c i e n t  of  0-0 h y p e r £  i n e  

f requency ,  7 2 0 ~ z / T o r r  L61, p r o v i d e s  an i n i t i a L  frequency d r i f t  r a t e  of " * 2 

x 1 0 - 1 2 / d a y .  The c h a r a c t e r i s t i c  Lime of t h e  p r o c e s s  wiLh t h e  a s s u m e d  

p a r a m e t e r s  i s  176 days .  I f  g a s  d i f f u s i o n  i s  the dominant cause of f requency 

d r i f t ,  a  c e l l  w a l l  t h i c k n e s s  o f  " 0.2mm would g i v e  a g r e e m e n t  w i t h  t h e  

measured d r i f t  r a t e .  The a c t u a l  c e l l  w a l l  t h i c k n e s s  was n o t  known. 

An a n c i  1 Lary exper iment  was performed by suddenly su r round ing  the  c e  1 1 w i  t h  

an atmosphere  of pure  helium whiLe o b s e r v i ~ g  t h e  f r e q u e ~ c y  Locked t o  t h e  0-0 



0 t r a n s i t i o n .  C e l l  t empera tu re  remained a t  40 C. A s  e x p e c t e d ,  t h e  observed 0-0 

f r e q u e n c y  e v e n t u a l l y  began t o  i n c r e a s e .  A f t e r  the  helium was f l u s h e d  o u t  of 

the  microwave c a v i t y  wi th  n i t r o g e n ,  and t h e  f requency d r i f t  r e - s t a b i l i z e d ,  a 

n e t  s h i f t  of * +30Hz had  r e s u l t e d .  With an o v e r p r e s s u r e  of helium i n  the  

ce 11 r e l a t i v e  t o  t h a t  i n  the  a tmosphere ,  t h e  f requency of the  0-0 t r a n s i t i o n  

s h o u l d  be o b s e r v e d  t o  d e c r e a s e  with time. T h i s  was t h e  case .  Thus the  s i g n  

of the  f requency d r i f t  was r e v e r s e d  i n  the  exper iment .  

C O N C L U S I O N  

The p r e l i m i n a r y  r e s u l t s  o n  d r i f t  r a t e  for t h e  wal l -coa  t e d  e v a c u a t e d  s e a l e d  

ce  11 a r e  e n c o u r a g i n g  t o w a r d  u s e  of s u c h  t e c h n o l o g y  i n  a  Rb f r e q u e n c y  

s t andard .  I f ,  a s  i t  a p p e a r s  t o  be ,  gas d i f f u s i o n  i s  t h e  d o m i n a n t  f r e q u e n c y  

d r i f t  mechanism, c o n t r o l  of t h i s  p r o c e s s  would produce d r i f t  r a t e s  o r d e r s  of 

magnitude smal le r  than  1 p a r t  i n  1012/day.  Th i s  would be p o s s i b l e  w i t h o u t  a  

p e n a l t y  i n  s i z e ,  we igh t ,  o r  c o s t .  C l e a r l y ,  more r e s e a r c h  on t h i s  wal l -coated 

evacua ted  c e l l  d e v i c e  i s  j u s t i f i e d  and d e s i r a b l e .  Work c u r r e n t l y  i n  p r o g r e s s  

u n d e r  t h e  a u s p i c e s  o f  t h e  N a v a l  Research Labora to ry  w i l l  c h a r a c t e r i z e  the  

Long-term d r i f t  i n  s e v e r a l  c e l l s .  
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WlWlTW AND ANSWERS 

JIM CAMPARO, -PACE: I actually have two questions. First, is that one of 
the older cells, the first cell that you showed? 

MR. ROBINSON: No. It is a recent cell. It hasn't set around a year. The char- 
acteristic time for a tenth of a millimeter cell is about 180 days for Pyrex, 
that is the e to the minus one pint, for helium. These cells are probably 0.2 
millimeter, so the characteristic time would be doubled. These cells were made 
within a month of the time that they were actually measured. 

MR. CAMPARO: The ather question was that in some of (unclear) pwrs looking 
at coatings, she actually finds that the vapor pressure is below the saturated 
vapr pressure of rubidium, so you probably have even less rubidium than a 
saturated vapor a 22 degrees. That would give you even more room for improve- 
ment. 

MR. ROBINSON: I think that that is probably true. There are some interesting 
things that happened when you melt the wax. The wax actually puddles. It ap- 
pears that it doesn't wet the glass. That is one of the problems of coating 
these cells. In fact, though, there must be a mono-layer or several layers 
there because the line width is fine. The amount of wax in the cell is prob- 
ably grossly too large. 

RICHARD KUNSKI, JOHNS HOPKINS: You mentioned at the beginning that your result 
for different lines for optical pumping. Yau were able to hold the laser on 
any one that you ~~mted.  In an absorption cell there is very wide line width 
due to Doppler broadening. That is not the case here? 

MR. mBINSON: You are talking abut the optical line. The optical transitions 
here were shorm during the PTTI of 1984. We showed the saturated absorption 
resonances along with the Doppler curves. 

MR. KUNSKI: And you were able to sweep the laser through these lines? 

MR. ROBINSON: Yes. If you can get a copy or have a copy of that, we had in 
that paper those particular pictures. (Mr. Robinson sketched the curves on the 
overhead projector.) The curve widths are determined by the width of the 
laser, which was in t h i s  case about ten MegaHertz. 

LUTE -1, JET PROPULSION LABORATORY: You mentioned that your laser is sta- 
bilized in frequency. Is it stabilized in power? 

MR. ROBINSON: Yes. It is stabilized every way that you can think of stabiliz- 
ing it. The intensity changes the frequency as well as the frequency of the 
laser changing the frequency. 

MR. MALEKI: At what level do you start seeing that? 

MR.FEOBINSON: I have the curves here af shift versus light intensity. We use 
the microamperes detected at the photodetector as a measure of the light in- 
tensity. It is essentially a 100% quantum efficiency device. The parameter is 
ah ju t  a half a Hertz per microampere on this particular transition. If yau go 
to the other transition, it is a negative amount about the same magnitude. 


