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ABSTRACT 

J P L  has  been operati .ng two exper imenta l  hydrogen maser 
f requency s t a n d a r d s  a t  t h e  Deep Space Network  (DSN) 
s t a t i o n s  a t  Goldstone,  C a l i f o r n i a  s i n c e  1970. Based on 
o p e r a t i n g  experkence gained w i t h  t h e s e  u n i t s  and w i t h  a  
t e s t  bed maser sys tem a t  J P L ,  a f i e l d  o p e r a b l e  p r o d u c t i o n  
maser h a s  been developed f o r  u s e  i n  t h e  DSN. The f i r s t  
maser of t h i s  new d e s i g n  w a s  i n s t a l l e d  a t  t h e  DSN 64-  
meter  s t a t i o n  n e a r  Canberra ,  A u s t r a l i a  i n  December 1975. 
Second and t h i r d  u n i t s  a r e  p r e s e n t l y  under  c o n s t r u c t i o n  
f o r  t h e  remaining DSN 64-meter s t a t i o n s  a t  Madrid,  Spain 
and Goldstone,  C a l i f o r n i a .  While t h e s e  DSN masers remain 
s i m i l a r  i n  b a s i c  c o n f i g u r a t i o n  t o  t h e  e a r l i e r  exper i -  
mental  u n i t s ,  many d e s i g n  changes have been i n c o r p o r a t e d  
i n  both  p h y s i c s  and e l e c t r o n i c s  sys tems t o  e f f e c t  itnprove- 
ments i n  t h e  fo l lowing  a r e a s :  1 )  s h o r t  and long term 
frequency s t a b i l i t y ,  2 )  KF i s o l a t i o n  of maser ou tpu t  
l i n e s ,  3 )  l i f e t i m e  of a c t i v e  p h y s i c s  components, 4)  
a u t o m a t i c  f a u l t  d e t e c t i o n  and l o c a t i o n ,  and 5) per-  
formance and r e l i a b i l i t y  of t h e  r e c e i v e r / s y n t h e s i z e r  
system. Frequency s t a b i l i t y  measurements of t h e  DSS 43 
maser,  u s i n g  a n  updated e x p e r i m e n t a l  maser a s  a r e f e r -  
ence,  r e s u l t e d  i n  a f r a c t i o n a l  f requency s t a b i l i t y  of 
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3.8 x 1 0  long term ( r  = 90 seconds)  and 1.1 x 10 
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s h o r t  term (r = 1 second) .  

INTRODUCT 102; 

I n  1.965, the  J e t  P r o p u l s i o n  Labora to ry  ( J P L )  i n i t i a t e d  a development 
program f o r  a  f i e l d  o p e r a b l e  hydrogen maser t o  meet t h e  f u t u r e  r e q u i r e -  
ments o f  t h e  Deep Space Network (DSN). Two e x p e r i m e n t a l  hydrogen 
masers  (Ref .  1) were subsequen t ly  b u i l t  and i n s t a l l e d  a t  the  DSN s t a -  
t i o n s  a t  Goldstone,  C a l i f o r n i a  d u r i n g  1970.  Based on o p e r a t i n g  exper- 
i e n c e  ga ined  w i t h  t h e s e  u n i t s  and w i t h  a  r e s t  bed maser sys tem a t  
J P L ,  a p r o t o t y p e  hydrogen maser was r e c e n t l y  developed f o r  u s e  i n  t h e  
DSN.  T h i s  paper  d e s c r i b c s  some of  t h e  un ique  f e a t u r e s  of t h i s  maser ,  
and p r e s e n t s  l i f e  expec tancy ,  frecjucncy s t a b i l i t y ,  and o t h e r  



performance d a t a  o b t a i n e d  t o  d a t e .  

The DSN hydrogen maser (F ig .  I )  c o n s i s t s  o f  two a s s e m b l i e s ;  a p h y s i c s  
u n i t  and a n  e l e c t r o n i c s  r a c k .  The p h y s i c s  u n i t  i s  mounted on a shock- 
a b s o r b i n g  b a s e  and c o n s i s t s  of t h e  maser vacuum system,  microwave f r o n t  
end,  and f o u r  e l e c t r o n i c s  modules t h a t  a r e  a s s o c i a t e d  w i t h  t h e  hydrogen 
glow d i s c h a r g e .  A l l  o t h e r  e l e c t r o n i c s ,  i n c l u d i n g  t h e  o p e r a t i n g  con- 
t r o l . ~  f o r  t h e  p h y s i c s  u n i t ,  a r e  c o n t a i n e d  i n  t h e  e l e c t r o n i c s  r a c k .  

PHYSICS UNIT 

A s i m p l i f i e d  c r o s s - s e c t i o n a l  d iagram of t h e  p h y s i c s  u n i t  i s  shown i n  
F i g u r e  2 ,  a.nd c h a r a c t e r i s t i c s  a r e  l i s t e d  i n  Tab le  I, 

High Output Power 

< < 
Maser f requency s t a b i l i t y  i n  t h e  t ime  i n t e r v a l  0 . 1  - T - 1 0  seconds i s  
p r i m a r i l y  determined by maser s i g n a l l n o i s e  r a t i o ,  and t h e r e f o r e  maser 
ou tpu t  power. The DSN requirement  i s  such t h a t  a n  o u t p u t  power l e v e l  
of a t  l e a s t  -90 dRm i s  needed ( s e e  F i g u r e  5) T h i s  i s  ach ieved  by 
i n c r e a s e d  hydrogen f low r a t e  a t  t h e  expense of i o n  pump element l i f e -  
t ime  and hydrogen s p e c t r a l  l i n e  broadening.  The DSN maser h a s  a nom- - 6 
i n a l  power o u t p u t  of -88 dBm a t  a n  o p e r a t i n g  hydrogen p r e s s u r e  of 1 0  
Tor r .  Ion  pump l i f e t i m e  i s  c a l c u l a t e d  t o  be  3 y e a r s  a t  t h i s  p r e s s u r e .  

Long Term S t a b i l i t y  Without Cav i ty  Tuning 

For maximum r e l i a b i l i t y ,  i t  was decided t h a t  t h e  long term f requency  
s t a b i l i t y  s p e c i f i c a t i o n  ( t i m e  i n t e r v a l  T 2 30 seconds)  should  be  met 
w i t h o u t  t h e  a i d  of the  a u t o m a t i c  c a v i t y  t u n e r .  T h i s  c o n s t r a i n t ,  and 
t h e  l a r g e  hydrogen l i n e w i d t h  caused by h i g h  f l u x  o p e r a t i o n ,  p laced  
s t r i n g e n t  requ i rements  on 1 )  t h e  f requency  s t a b i l i t y  of t h e  RF c a v i t y ,  
and 2 )  t h e  s t a b i l i t y  of t h e  hydrogen f low r a t e .  

These requ i rements  were s a t i s f i e d  i n  t h e  DSN maser ( s e e  F i g u r e  2 )  by 
1) sur rounding  t h e  KF c a v i t y  w i t h  a t e m p e r a t u r e  r e g u l a t e d  oven p laced  
i n s i d e  t h e  vacuum, 2 )  p r o v i d i n g  low the rmal  conduc t ion  s t a n d o f f s  
between RF c a v i t y ,  i n n e r  oven, vacuum hous ing ,  i o n  pump, and suppor t  
frame i n t e r f a c e s ,  3 )  u s e  u f  low t e m p e r a t u r e  c o e f f i c i e n t  ~ e r - v i t l  i n  t h e  
RF c a v i t y  assembly,  4 )  su r rounding  vacuum housing,  microwave f r o n t  end,  
and i o n  pump w i t h  the rmal  i n s u l a t i o n ,  and 5)  m a i n t a i n i n g  a s t a b l e  
hydrogen £.lux l c v c l  by c l o s e d  loop  c o n t r o l  of t h e  pa l l ad ium v a l v e  w i t h  
a n  o v e n - s t a b i l i z e d  P i r a n i  p r e s s u r e  gauge. 

l ~ r a d e r n a r k  oT Oi,rr .ns-Il l inois Curp. 



Maint  enancc  

The s e p a r a t i o n  of  p h y s i c s  and e l e c t r n n i c s  f u n c t i o n s  p e r m i t s  maximum 
a c c e s s  t o  t h e  p h y s i c s  u n i t  f o r  rnaintcnanc.e, t r o u b l e s h o o t i n g ,  e t c .  Corn- 
poneri ts  have  bee11 grouped i n t o  replaceable rnodu:l.es o r  a s s e r n b 1 i . e ~  
whercve r  p o s s i b l e . .  ' i ' i ton  O-ring sea1.s a r e  u s e d  througf iout  and h a v e  
proved s a t i s f a c  t o r ) , .  

Thc t i m e  r e q u i r e d  Tor two f i e l d  t c c h l l i c i n n s  i-o r e p l a c e  a n y  p h y s i c s  
u n i t  coniporlcrlf ( e s c : e p t i r ~ g  t h e  i o n  pu~i lp  bob,), arlcl t h c n  a g a i n  ac l i i cve  
vacuum, i s  one  day  o r  l e s s .  P e r h a p s  t h e  111ost conlplcx and t i m e  con- 
suming maintet lar lce t a s h  would be  r e p l a c e m e n t  of  a n  RF c a v i t y  component. 
T h i s  j o b  r e q u i r e s  oric f u l l  day  !!or d i sas se inb ly  and reas se -mbly ,  and 
d o e s  n o t  r e q u i r e  h o i s t s  o r  o t h e r  m e c h a n i c a l  a i d s .  

The r e p a i r  of  t h e  p h y s i c s  u n i t  r e q u i r c s  spec i . a l i ze .d  knowledge. and 
s k i l l s  which  a r e  n o t  a v a i l a b l e  i n  t h e  DSN r e p a i r  1 a c i . l i t y  a s  y e t ,  s o  
developznent p e r s o n n e l  n o r m a l l y  w i l l  L rave l  t o  t h e  f i e l d  s t a t i o n  t o  
make r e p a i r s  of  i t e m s  i n s i d e .  t h e  vacuum h o u s i n g .  A l l  o t h e r  r e p a i r s  
and m a i n t e n a n c e  w i l  1 b e  klaildlcd i n  t h e  normal  manner.  

The most  l e n g t h y  p o r t i o n  01 a ma in tennacc  t a s k  i s  t he  t i m e  nee-essary 
f o r  t h e  maser  t o  r c a c h  t h e r m i ~ l  e c l u i l i b r i u m  air ' ter  r e a s s e m b l y  i s  cum- 
p l e t e d  and vacuum pumping i s  resumed.  Lf t h e  i n n e r  oven c a n  remai.n 
a n  d u r i n g  mai .ntenancc ( a s  i11 r e p l a c e m e n t  o f  i o n  puzrip c l e m e n t s ,  
hydrogen s o u r c e  a s s e m b l y ,  p a l l a d i u m  v a l v e ,  P k r a n i  gauge ,  o r  any  
e l e c t r o n i c s  a s s e m b l i e s ) ,  l o n g  term s t a b i l i t y  i s  o b t a i n e d  a few d a y s  
a f t c r  i n i t i a l  va.cuuIn pumpclown. Pf , on  t h e  o t h e r  hand,  t h e  vacluuni 
h o u s i n g  must  be  opened ,  t h c n  t h e  i n n e r  oven must h c  baked o u t  ac 
e:Levated t e m p e r a t u r e  d u r i n g  ~.)urnpdown, ancl $ Lu 5 weeks a r e  r cc lu i r ed  t o  
o b t a i n  riarmal l o n g  Lerm s t a b i l i t y  ( u s e  oi a ~ ~ t o t ~ . l n e r  c a n  p o s s i b l y  
r e d u c e  t h i s  t i m e ) .  

L i f e  Espcc tancy  

A number o f  p11ysic:s components  have  c l i s p l : j ~ c d  iimi t r d  l i r e  e x p e c t a n c y  
i n  t h e  p a s t ,  and c f f w r t s  to i n c r e a s e  t l l e s c  L i g u r e s  ilavct 1 3 ~ ~ x 1  a (yon- 
t i n u i . n g  g o a l .  One p t - p o s c  o1 t l ~ e  two e x p e r i ~ n c n t . a _  m a s e r s  o p e r a t i n g  a t  
Go lds tone  h a s  bee11 t o  e v a l u a t e  t h e  o p e r a t i n g  1 i . f ~  o! v a r i o u s  corn- 
p o n e n t s  w11ir.h Lire d e s t i n e d  f o r  u s e  i n  t h e  D S N  mase r .  'The r e s u l . t s  of  
t h e s e  t e s t s  a r e  d e s c r i b e d  hc low:  

At J P L ,  q u a r t z  s t o r a g e  b u l b s  a r c  p r e p a r e d  by a p p l y i n g  a s i n g l e  c o a t  of  
FEP/TFE t e f  l o n  m i x t u r e .  'If ~ e r  c,:)atil-ig, t h e y  I la\~c n o t  shown degrada- 
t i o n  as a f u n c t i o n  of  fizrlc o r  number of  cxposr l res  tc3 air. Tlie hrli 12s 
i n  t h e  t w o  e x p e r i m e n t a l  masers  have  eac:'ri accuzriulated F i v e  ~ , ' c ; ~ T s  01 
o p e r a t i n g  t i m e  ( a n d  nunicrous e:.:posiires t o  ;~ir) w i t i l  no no t i ceab1 .e  
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d e g r a d a t i o n  and no r e c o a t i n g  n e c e s s a r y .  

The hydrogen glow d i s c h a r g e  b u l b s  i n  t h e  two exper imenta l  masers  have 
been o p e r a t i n g  4 112 y e a r s  and 1  112 y e a r s  r e s p e c t i v e l y  s i n c e  last  
c l e a n i n g .  These b u l b s  have been exposed t o  a i r  d u r i n g  many p e r i o d s  of 
maser m o d i f i c a t i o n  and maintenance.  

The pa l l ad ium v a l v e s  and copper  p l a t e d  RF c a v i t i e s  i n  t h e  e x p e r i m e n t a l  
masers  have n o t  shown d e g r a d a t i o n  i n  5 y e a r s  of o p e r a t i o n .  

Ion pump l i f e t i m e  i s  ca l . cu la ted  t o  b e  3 y e a r s  f o r  t h e  p r e s e n t  o u t p u t  
l e v e l  of -88 dBm. The e x p e r i m e n t a l  masers  have logged 2 114 and 
1 314 y e a r s  r e s p e c t i v e l y .  

R e l i a b i l i t y  

The s i n g l e  DSN maser now i n  t h e  f i e l d  has  exper ienced  two f a i l u r e s .  
Immediately a f t e r  i n s t a l . l a t i o n ,  e l e c t r i c a l  vacuum f e e d t h r u  s e a l s ,  
which r e l y  on epoxy f o r  t h e  s e a l  bonds,  developed vacuum l e a k s .  
Temperature c y c l i n g  of o t h e r  u n i t s  proved t h e s e  s e a l s  t o  be  u n r e l i a b l e .  
New non-magnetic s e a l s  of t u n g s t e n - g l a s s  and a lumina a r e  now be ing  
e v a l u a t e d  t o  s o l v e  t h i s  problem. Also,  a matching c a p a c i t o r  i n  t h e  
glow d i s c h a r g e  RF c i r c u i t r y  f a i l e d .  T h i s  i s  t h e  f i r s t  f a i l u r e  t o  
occur  i n  more t h a n  1 3  y e a r s  of accumulated hours  among 5 u n i c s .  T h i s  
f a i l u r e  i s  no t  b e l i e v e d  t o  be  d e s i g n - r e l a t e d .  

ELECTRONICS KACK 

The power, c o n t r o l ,  r e c e i v i n g ,  s y n t h e s i s ,  s t a t u s ,  and a la rm f u n c t i o n s  
a r e  provided by t h e  e l e c t r o n i c s  r a c k  (F ig .  3 )  which c o n t a i n s  32 pre-  
c a l i b r a t e d  p lug- in  a s s e m b l i e s  t h a t  can b e  e a s i l y  s e r v i c e d  by f i e l d  
t e c h n i c i a n s  . 
P h y s i c s  Uni t  C o n t r o l  and Moni tor ing 

The upper h a l f  of  t h e  e l e c t r o n i c s  r a c k  (F ig .  4 )  c o n t a i n s  t e n  plug- in  
c o n t r o l  modules and t h e  i o n  pump power szipply. These u n i t s  p r o v i d e  
a l l  moni to r ing  and c o n t r o l  f u n c t i o n s  f o r  t h e  p h y s i c s  u n i t .  (Two 
o t h e r  modules i n  t h i s  group,  " S t a t u s  I n d i c a t o r "  and "Autotuner ,"  w i l l  
be d i s c u s s e d  s e p a r a t e l y . )  T a b l e  I1 l is ts  t h e  v a r i o u s  f u n c t i o n s  of 
t h e s e  modules. 

S t a t u s  and Alarm System 

Many c o n t r o l  modules g e n e r a t e  a la rm s i g n a l s  i f  o p e r a t i n g  paramete rs  
exceed pre-set l i m i t s .  The S t a t u s  I n d i c a t o r  module d i s p l a y s  t h e s e  
a la rms  i n  t h r e e  forms: 1) a dynamic i n d i c a t i o n  which i s  on on ly  when 
t h e  a larm c o n d i t i o n  e x i s t s ,  2) a  ' ' l a t c l l ed t t  i n d i c a t i o n  which remains  



o n  u n t i l  a f i e l d  technician n o t e s  t h e  prohl.en\ and r e s e t s ,  and 3 )  an 
a u d i b l e  a l a r m  wllich i s  deri.-ve;I 11-clr,~ t h e  ":1.at~1itd" i n d i c a t i o l ~ ~  The 
p a r t i c u l a r  subsvs te rn  wliich i s ,  o r  iwa:;, 7.n ari ill.a.rm c i ~ ~ ~ d i t i o n  i s  
i d e n t i - f i t d  on  the f r o n t  u < ? n e l .  

Tllc au toma t  i r - .  c a v i  t.y t u n e r  /" . \u~t .>-t  I I I ? ~ . ~ ' ' : !  ~ 1 s t ' ~  or-! , iva i l  ,.tble s t a t  i o n  
r u b i d i u m ,  cesi.uir~, o r  seccrld i i~, i -rc>gcn nasey strandard as 2 r e f e r e n c e ,  
and h a s  R r e . s o l u t i o n  o!. O.004 s c i u n d s  p e r  100 second  p e r i o d  
( A f l f  = 4 x lo-'' f o r  1 0 0  bnlz i npu t s ! .  i t  p r o d u c c s  a v a r a c t o r  c o r r e c -  
tion v o l t a g e  proportlion:il .  LC) t h e  obscrvecl  t u r l i ng  e r r o r  ( i n t e g r a f e d )  . 
The desire.d systlcrn l o o p  gakli i s  s w i t c h - s e l e i l t e d  arlct t h e  l i n e a r  d r i f t  
component of  e i t h e r  t f lc  maser o r  r e f e r e n c c  standard d o e s  not: a f f e c t  
t h e  o u t p u t .  The a u t o - t u n e r  h a s  t h e  a h i . l i  t y  t o  i g n o r e  u l l u s u a l l y  
l a r g e  o r  "no i sy"  cou-ilts,  and c a n  p r v v i d c  a n  a l a r r : ~  of  t h i s  o c c u r r e n c e .  

It was decidec? t h a t  t r e i t h e r  Li:e mase r  t-1-ccluency, r1 i .x  tile referent-e 
f r cquency  (usually n s t a t i o n  r ~ . l h i d i ~ m  OI:. c ~ s i u ~ l i  s tc indard mu1tipl.ie.d t o  
100 MHz) s h o u l d  b e  o f f s e t  by t i l e  r e q u i r e d  O , C ) l  Hz n e c e s s a r y  f o r  
a u t o - t u n e r  o p e r a t i o n .  There i 'o rc ,  a n  o f f s e t  f r e q u e n c y  g e n e r a t o r  i s  
b e i n g  developed a t  J P Z  Whici-! s y n t h e s i z e s ,  Tor a u t n - t u n e r  u s e ,  a  
s i g n a l  p r e c i s e l y  0.01 Hz o f f s e t  f rom t h e  sllaridard nlascr 100 Mflz 
o u t p u t .  It i s  expBcted that this wil.1 be accompl i shed  w i t h o u t  s i g n i f i -  
c a n t  d e g r a d a t i o n  of t h e  original f r e q u e n c y  s t a b i l i t y .  

A d d i t i o n a l l y ,  t h e  a u t o - t u n e r  p r o v i d e s  a i r a l u a h l e  t r - o u h l . e s t o o t i n  and 
m o n i t o r i n g  c a p a b i l i t y  t o  ~ 1 1 e  stat i .c)r l  s i n r e  j . t  can ije ~ s e d  of.[ 1 i n e  t o  
measu re  f r e q u e n c y  s t : l b i l i p . .  ( a t  ,: = 100 S + C C I I ~ ~ S )  !:)etwecn any two 
5 PlHz or 100  MHz i n p ~ . ~ ! s .  

Phase-Lock Receiver 

The t r i p l e - c o n v e r s i o r l  p h a s e - l o c k  r e c e i v e r  c . c n s i s t s  (;I? 11 s t a n d a r d  DSN 
modules  i n  t h e  l o w e r  .ha l f  o f  t h e  c2lcctrnnic:s  r ack  and t h e  m o d i f i e d  
Dana s y n t h e s i z e r  a t  t h e  t o p  ;,f t h e  r a c k ,  The s y ~ l t i . i c s i s  s e c t i o n  p ro -  
v i d e s  24  s t a n d a r d  o u t p u t s  r a n g i n g  Iron: 0,l YHz t o  :L40O Xliz a t  13 dEm 
and 70  t o  100 dB i.solation, The i ~ u t p u t  f r c q u c n c i e s  a r c  a d j u s t a b l e  
o v e r  a  r a n g e  c ~ i  . f 2  . 7: .1(3-~ w i t h  x ~:cso lu t - io i?  L ~ f  7 ;.: 1 0 ~ ~ ~ .  Other  
s p e c i f i c a t i . n n s  a r e  l i s t c d  i i ?  T a b l e  11. 

Major e l e c t r o n i c s  f a i l u r e s  c iur i~q;  1)SX maser produi . : t ion havc ot:currecl 
i n  t h r e e  coiruncrcial i : c~ inpor l~n t s :  t t ic  f i igh r e s c ) l u t i u n  s y n t l l e s i z e r ,  t h e  
1400  MHz mu1 t i p l i e r  , and tl-lc u l  t r a - 8  t a b l c  1 ow v o i t a g c  power s u p p l i e s .  
These  problem a r e a s  have  bccn  d e a l t  w i t h  by 1 )  JPI., r e d c s i g r ~  and 



t e s t i n g  a s s i s t a n c e  t o  t h e  manufac tu re r ,  2 )  JPL q u a l i t y  a s s u r a n c e  and 
s o u r c e  i n s p e c t i o n ,  and 3) a  2000 hour burn- in  t o  a i d  i n  e s t a b l i s h i n g  
a  h i g h  conf idence  l e v e l .  

PERFORMANCE 

Frequency s t a b i l i t y  measurements f o r  t h e  e a r l y  exper imenta l  hydrogen 
masers ,  and f o r  t h e  f i r s t  DSN maser ( u s i n g  a n  updated e x p e r i m e n t a l  
maser a s  a  r e f e r e n c c ) ,  a r e  shown i n  F i g .  5. Only two measurements 
have been o b t a i n e d  t h u s  f a r  f o r  t h e  DSN maser :  1.1 x 10-13 f o r  
T = 1 second,  and 3.8 x 10-l5  f o r  T = 90 seconds .  D e t a i l e d  c h a r a c t e r -  
i s t i c s  f o r  t h e  p h y s i c s  and e l e c t r o n i c s  u n i t s  a r e  shown i n  T a b l e s  1 
and 11. 

FIELD OPERATION 

The p h y s i c s  u n i t  i s  prepared  f o r  shipment by a t t a c h i n g  a  cover  t o  t h e  
shock-absorbing mounting base .  A b a t t e r y  pack i n s i d e  t h e  cover  
s u p p l i e s  power t o  t h e  i o n  pump t o  m a i n t a i n  vacuum d u r i n g  shipment .  
S i n c e  t h e  ovens a r e  o f f  d u r i n g  shipment ,  normal l o n g  term s t a b i l i t y  
i s  n o t  achieved u n t i l  f o u r  weeks a f t e r  turn-on.  Upon i n s t a l l a t i o n  a t  
t h e  s t a t i o n ,  power i s  ob ta ined  from a  s t a t i o n - w i d e  120 VAC u n i n t e r -  
r u p t a b l e  power supply sys tem.  The e l e c t r o n i c s  r a c k  is  p laced  w i t h  
o t h e r  s t a t i o n  e l e c t r o n i c  equipments where i t  i s  moni tored by f i e l d  
t e c h n i c i a n s  on a weekly b a s i s .  The p h y s i c s  u n i t  i s  p laced  some 
d i s t a n c e  away i n  an  i s o l a t e d  a r e a  where v i b r a t i o n  and magnet ic  
i n t e r f e r e n c e  a r e  under  c o n t r o l .  

PLANS, PRESENT AND FUTURE 

A t  t h e  p r e s e n t  t ime ,  t h e  two e x p e r i m e n t a l  hydrogen masers  c o n t i n u e  t o  
o p e r a t e  a t  G o l d s t o n e , C a l i f o r n i a .  The p r o t o t y p e  DSN maser h a s  been 
o p e r a t i n g  a t  t h e  DSS 43 64-meter s t a t i o n  n e a r  Canberra ,  A u s t r a l i a  
s i n c e  December 1975. A second DSN maser was j u s t  completed and i s  
undergoing t e s t i n g  a t  JPL. I n  1977, it  w i l l  r e p l a c e  .the exper imenta l  
maser l o c a t e d  a t  t h e  DSS 1 4  64-meter s t a t i o n  a t  Goldstone.  A t h i r d  
maser w i l l  be b u i l t  and sh ipped  t o  t h e  remaining 64-meter s t a t i o n  
n e a r  Madrid, Spa in  (DSS 63) i n  l a t e  1977. The second e x p e r i m e n t a l  
maser ( u p d a t e d ) ,  which i s  mounted i n  a t r a i l e r ,  w i l l  c o n t i n u e  t o  be 
used a s  a p o r t a b l e  maser sys tem a v a i l a b l e  t o  a l l  Goldstone s t a t i o n s .  

P r e s e n t l y  t h e  DSN h a s  committed hydrogen masers  f o r  u s e  i n  t h e  J u p i t e r /  
S a t u r n  o u t e r  p l a n e t  m i s s i o n s ,  Very Long B a s e l i n e  I n t e r f e r o m e t r y  (VLBI) 
exper iments ,  p o r t i o n s  of t h e  c u r r e n t  Viking m i s s i o n ,  and s t a t i o n  
time-sync c a l i b r a t i o n s .  Each hydrogen maser i n s t a l l a t i o n  w i l l  have a n  
a u x i l i a r y  back-up s t a n d a r d  c o n s i s t i n g  of a modi f i ed ,  h i g h  performance 
Hewlett-Packard 506111 Cesium Standard .  Each DSN hydrogen maser/cesium 
p a i r  wi l l .  i n t e r f a c e  w i t h  a microprocessor-based moni tor  and c o n t r o l  



s y s t e m .  T h i s  s y s t e m  w i l  I.  m o n i t o r  many o p e r a t l n ~  parameters of b o t h  
s t a n d a r d s ,  p e r i o d i c i j l l y  measure s t ab i  l i t y  between t h c  twcj s t , a n d a r d s ,  
and make an a u t o m a t i n  pthase-coliercrit ~ \ ~ r i t l c l i o v c r  ( w i t h  t i . m e  l o s s  5 1.0 
nanosccnnds )  t o  t i l e  bi.lc:.i<-ul> sr.iirlciarci in t h e  even t  r.iw nrl- l ine s t a ~ l d a r d  
d e g r a d e s  beyond pre-progranuncd l i w i t s  . 

. - The a u t h o r s  w i s i ~  t o  make A spe l - . Ja i  c1c:.krio.c;leiIr:c111~1~t Lo  Huhicrt Zrpenhacl l ,  
recent1 .y  r e t i r e d .  41r. k.1-pcnb;icii ihla; r(lispo1-isil> i t .  f i : , i  the s u c c e s s f  ill. 

I soluti .011 of many p h y s i c s  prob!c~:ls, ini::ludin;s tile q u a r t z  bulb coating 
~echnique, RF cavity p l n.t ing t ecl ini  que  , and cl!c lo:?.y: l i f e  llydrogcrl 
s o u r c e  asembly. 

I 
I 1 .  C .  :Finnic, R. S y d n o r ,  and  ,1. Swarc i ,  "I-ivclrijE;en P1asc.r I-~rt.qucncy 

S t a n d a r d , "  i.n P r o c .  25th dnnuei Symposium on F r e q u c ~ l c y  ( :oxltrol ,  
pp 348-.'351., i l p r i l .  1971.  



TABLE I. PHYSICS UNIT CFIARACTEKISTICS 
(nominal u n l e s s  o t h e r w i s e  s t a t e d )  

UNLOADED CAVITY Q 55,000 min. 

LOADED CAVITY Q 35,000 

CAVITY Copper p l a t e d  Cer -v i t  c y l i n d e r  w i t h  aluminum 
end p l a t e s  and 250 gram q u a r t z  s t o r a g e  bulb  

DISSOCIATOR POWER 125 MHz, 4 w a t t s  ave. ,  18 w a t t s  rnax. 

COLLIMATOR 

BEAM SHUTTER 

400 h o l e ,  50 micron d iamete r  p e r  h o l e  

1 mA t a u t  -band tne t er movement 

STATE SELECTOR Hexapole permanent magnet, Alnico 8 

ATOMIC L I N E  WIDTH 2 Hz 

CAVITY POWER OUTPUT -89 dRm min. 

SIGNAL TO NOISE RATIO 84  ~ B / H Z  

TON PUMP CAPACITY 200 1 i t e r s / s e c o n d  

I O N  PUMP POWER INPUT 4200 v o l t s  @ 2 . 4  mA 

HYDROGEN PRESSURE 1 x Torr  

VACUUM BACKGROUND 

HYDROGEN SUPPLY 

DC MAGNETIC FIELD 

MAGNETIC SHJELDS 

FIELD WINDINGS 

CAVITY TUNING 

Coarse 

Medium 

1 x 10-' Tor r  

2 .25  l i t e r s  @ 1250 p s t g  i n i t i a l  p r e s s u r e  

500 microgauss  

Q u a n t i t y  4 
S h i e l d i n g  F a c t o r  (dc)  1000 

One main, two t r i m ,  0 t o  - + 1 0  rnA 

Type 

Mechanical  2 . 4  x 10-''/turn 20 t u r n s  

Mechanical  1.5 x 10-l l / turn  20 t u r n s  

F i n e  Varac to r  2 .0  x 1 0 - ~ ~ / v o l t  1 0  v o l t s  max 



TABLE LL . EI.E( 'TKONICS ITNTT C M M C T E R I S T I C S  

1.420405751 CHz Three-( ;onversi .on Phase-Lock -, K e c e i v e r  

BANDWIDTH P r e s e l e c t o r  3 0  ".Hz 
: 2 0 .  It PlHz T.F.  4 Kliz 
L,oop (2nd  nrdcr) 10(:) Hz 

INPUT STGNAL LEVEL m a x i m u r n  -71  d E ~ n  

FROM P H Y S I C S  UNIT  non;inal -YO dBnl 

nl illirnurr~ -i10 dDni 

GAIN CONTROL m a n u a  1 39 dB 

a u t o m ~ ~ t i c  20 dR 

VCO FREQUENCY 100  1?1liz 

N O I S E  FIGLIRE 4 . 0  dR 

S T A B I L I T Y  (+ 5 ' ~  AMBIENT) 
-1 6 

- 6 x 1.0 

1.42 GHz PHASE N O I S E  5 x r a d i a n s  RMS/Hi: ( 1 0  liz o f f -  
se t )  

AGC AM t o  PM CONVERSIOK 0. 16°/d~ 

P H Y S I C S  LiNIT MONlTOR AKD CC)n'l~{C71, 

FRONT PANEL CONTROLS 

Q U A N T I T I E S  CONTlNUOrS1,Y 
DISP1,AYEL) 

P a l  l ad ium valve t e l r lpera ture  
lIydrogen d i s c h a r g e  RF power  level  
Beam s h u t t e r  a t t e n u a t i o n  
Magnet ic  f i e l d  c o i l  c u r r e n t s  
V a r a c t o r  voltage (manual  mode) 

1011 pump c u r r e n t ,  vo l - t agc  
Hydrogen d i s c h a r g e  f o r w a r c l  and 

r e f l e c t e d  pvwcr 
S '< i r ac to r  yo; t L i g e  ( c i i a l  c a l i b .  ) 
I I a g n c t i c  f i e - l d  i.oj i c u r r e n t s  

(di-a1 raiibri~tion) 
Maser o u t p u t  power  

QUANTITTES AVAILAB1,II I'OR P i r a n i  g a u g e  o u t p u t  l e v e l  
DISPLAY ON MULTI-FUNCTION Ovcn c u r r c n t s  
D I G I T A L  METER P a l l a d i u n i  v a l v e  h e a t e r  c u r r e n t  

Beam s h u L t e r  c u r r e n t  
F i e l d  c u r r e n t s  



TABLE I1 (Continued) 

QUANTITIES AVAILABLE TO A l l  above pl.us: 
REMOTE MONITOR AND CONTROL Oven moni tor  t h e r m i s t o r  o u t p u t s  
SYSTEM VIA REAR PANEL Power supp ly  v o l t a g e s  
CONNECTOR Etc .  

OTHER FUNCTIONS Pa l lad ium va1,ve "open loop" 
(manual control . )  o r  "c losed loop" 
( c o n t r o l . l e d  by P i r a n i  gauge) 

V a r a c t o r  d i o d e  "manual" ( f r o n t  
p a n e l  d i g i t a l  c o n t r o l )  o r  "automat ic"  
( c o n t r o l l e d  by Auto-tuner)  

Automatic tu rn-of f  of i o n  pump 
a n d / o r  pa l l ad ium v a l v e  
i L  c e r t a i n  p o t e n t i a l l y  damaging 
f a i l u r e  modes occur  

STATUS INDICATOR AND ALARM 

S t a t u s  and a l a r m  system powered by s e l f  con ta ined  u n i n t e r r u p t i b l e  power 
supp ly  (UPS) sys tem.  

UPS DURATION 1 2  hours 

TRANSIENT SUPPRESSION DELAY 4 rnsec, up  t o  1 0  s e c  f o r  some para-  
me- t  e r  s 

ALARM OUTPUTS Audio, v i s u a l ,  and remote 

MAIN ALARM OUTPUT Green - o p e r a t i o n a l  
Yellow - o p e r a t i o n a l  but degraded 
Red - non-operat  i o n a l  

SUBSYSTEMS AND FUNCTIONS Receiver  l o c k  
MONLTORED S y n t h e s i z e r  l o c k  

I . F .  l e v e l  
Hydrogen g l o w  d i s c h a r g e  

VSWR and t e m p e r a t u r e  
Hydrogen s o u r c e  p r e s s u r e  
Oven t e m p e r a t u r e s  
Ion  pump power 
Auto-tuner 



Figure 1. DSN IIytirogcn Maser 
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Figure 4. Physics Ynit Control  l3;3nel, Electronics Rack 





1. DSN Hydrogen Maser. 

2. Sirnp l . i f i ed  Cut-away View, P h y s i c s  Unit. 

3 .  Electronics Rack. 

4 .  P h y s i c s  Unit  C o n t r o l  P a n e l  , E l e c t r n n i c : ~  Rack .  

5. JPJ, Hydrogen ?laser 1:req~ienc S t a b i l  ity . 




