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ABSTRACT 

H low noise synthesizer has been aevelopeu for use in  hydrogen maser 
au tot unirlg and performance evaluation. This synthesizer replaces the 
frequency offset maser nornially used for this purpose and allows the user 
to maintain all masers i n  the ensemble a t  the same frequency. 

The syntnesieer design utilizes a quartz oscillator with a B.V.A. resonator. 
The oscillator has a frequency offset of 5 x The B.V.A. oscillator is 
ptlase-locked to a hydrogen maser by means of a high gain, high stabil~ty 
phase-locked loop, employing low noise multipliers t ls phase error ampli- 
fiers. A functional block aielgran~ of the synthesizer and pertormarice data 
will be presented. 

The Jonns Hopkins Univellsity Applied Pl~ysics Laboratory has been involveci in  tne re- 
search, wvelopment ana fabr iut~oo of Hyorogen Masers since 1975. The PUH (NASA 
Hesearch) H yarogen Maser, developed s t  J H  UIAPL has several innovative features whicn 
greatly enhance ~ t s  perfolqmance. One of these features is the ability of the N H  maser to 
tune itself by making frequency diffe elwe nreasurements between itself ano a reference 6 signal, offset In frequency IJ) 5 x 10- . The best autotune performance IS obtained when 
the offset reference signal is obtained from another hydrogen maser. Unfortucately this 
method mandates that the reference maser be offset 5 x lo-* thus removing a veluauie 
inaser from the on-frequency clock ensemble. Clearly it would be desirable to operate 
all masers on frequency at~d to have a synthesizer phase lockea to the maser to proviae 
the offset frequency refei crice signal. To be an adequate ~~eplacement for the reference 
maser, the synthesizer should not degrade the rnaser performance in autotuning, and it 
should be small and rugged enougtr for maser field repair and alignment operations. 



DESIGN APPROACH 

The offset generator is basically a single trequency i7ciirec t synthesizer uslng a niultiply- 
mix - phase locked l w p  apprchcn. (Please refer to Figure 1). For clsrity of ~resenta-  
tion, the synthesizer is divided into three parts: the fixed frequency, the pnase mulii- 
pliers and the phase locked loop. The fixed frequency secti n contains a very stable, 8 spectrally pure VCXO -.=;IICII is operated tr.t 5 MHz + 5 x 10- . The VCXO is mtlnufac 
tured by Oscilloqu&rtz using a B.V.A. resonator. The VCXO has excellent short term 
.tabilit) below 1 second. Tlre phase error ri!,;lltiplier section contains two low noise 
multipliers which multiply the 5 MHz o~~ tpu t s  df  the offset VC:XO and the Mbser to 
1 Cillz. The 1 Gliz signals are then mixed to produce M 50 biz signal which 118s 203 times 
the phase infoilnation as the original 5 MHz signals. The frequency of the 50 Hz signal is 
dep ndent on the fractional frequency difference between the offset VCAO (5 MHz + 5 -0 10 ) and the reference maser. The 50 Hz signal has a i'requency 7ensitivity of 1 x 10- B 
per hz. The phase locked loop section contains o ll~otor~lti  MC . .,4 4 phase lock !ooy I.C., 
a divide by lOO,Q00 circuit, and a mixe~low pass filter. T!le 50 Ilx signal resultirlg from 
the two 1 Gliz outputs which nontains tile Offset VCXO vs maser phase data is colrhpared 
with a reference 50 Hz signal vhich is divided down frorn the maser input. The compari- 
son is made using a N!otorol~i MC 4044 digiial phase detector used in the quaartiture 
mode. The resulti error signal is translate13 and filtered and usea to lock the offset -F VCXO. The 5 x 10 offset si$;ntll from the VCXO is the tput of the s;.i,tbesizer. 

YEHFORMANCE UAl 'A 

l'he data presented in Figure 2 was taken at  JH LJ/ APL and shows the results o; colnpar- 
ing two masers together (NHX and N R 9 )  i n  two configurations. 'I he bottom trace is a 
sigma tau plot ~f the NRX maser .ijnlpared to the N K 9  maser w~th N H 9  offset 111 fre- 
quency 5 x IG-'. The top trace :news a sigma tau plot of the same two masers except i n  
this instance the nlasers are running tit the same frequency. NR3 was pis :ed lack on 
frequency p d  the offset generator was pl~ase locked to the NHX maser  us prouuciny 
tlie 5 Y. 10- offset. Note there is very llttle dilference between the two traces arld that 
for all practical purpwes the offset generator peloforms as well as the maser wtrich was 
intentionally offset i n  frequency. 

The offset generator was also performance testec in  the fleld at  the kojave Base 
Station, Goldstone California, in the foliowing manner. Five NR mttsers were autotuned 
using the offset generator. Lnter one of the masers was offset and used to evtilutlte the 
other four nlg ers tuned with the offset generator. The agreement was found tc be 
within i x lo-'' tau. 

The design featuras of a low noise slngle frequency synthesizer used to provide a 5 x 10- 8 
offset signal for tuning NR hydrogen rnasers has been yrese~ted. Test data ~ r e s e n t e ~  
indicate that there is a negligible performance penalt* whc.n using the otfset generator in  
place of an offset maser for providing the 5 x 10-' offset reference signal used for 
frequency difference measurements arid t wring of N R masers. 
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QUESTIONS AN2 Af,!SWERS 

M R .  McCOL'BREY: You p o i n t  o u t  t ! ~ a t  t h e  u s e  o f  t h i s  s y n t h e s i z e r  
p e r m i t s  y o u  t o  o p e r a t e  a l l  t h e  m a s e r s  i n  a n  a s s e m b l y  a t  t h e  same 
f r e q u e n c y .  I h a d  a l w a y s  u n d e r s t o o d  t h a t  w h e n  y o u  g o t  a number.  of  
i d e n t i c a l  o s c i l l a t o r s  c l r ~ s e  t o  t h e  same f r e q u e n c y ,  t h e y  t e n d  t o  
p u l i  e a c h  o t h e r  a n d ,  t h e r e f o r e ,  b e c o m e  n o t  a l l  i n d e p e n d e n t ,  w h i c h  
y o u  l i k e  t h e m  t o  b e  i f  t h e y  a r e  t o  o p e r a t e  i n  a n  e n s e m b l e .  Is  
t h a t  a ? r o b l e m ?  

M R .  INGOLD: I h a v e n ' t  s e e n  t h a t  i r l  t h c  T i m e  a n d  F r e q u e n c y  l a b  a t  
J o h n s  H o p k i n s .  Maybe L a u r e n  R u e g e r  c o u l d  a n s w e r  t h a t .  

M R .  RUECER: ge h a v e  e n o u g h  i s o l a t i o n  i n  t h e  i n s t r u m e n t  t h a t  we 
c a n  r e a d i l - ,  see '. l l i n g  i f  it  3 c c u r r e d ,  a n d  we d o  n o t .  We l o o k  a t  
p h a s e  : l s t s  w i t h  r e s o l u t i o n  o f  s o m e t h i n g  on t h e  o r d e r  o f  o n e  
; ; ~ . o s c c o n d  a n d  s t 2  n a  e v i d e n c e  o f  p u l l i n g .  We c a n  m o v e  t h e  C 
f i e l d s  u p  a n d  d o w n  t h r o u g h  t h e  r e s o l u t i l ; n  v a i u e s  a n d  s ee  no 
er'fect a t  t h a t  p o i n t .  

M R .  McCOUBREY: S o  y o u  i n t r o d u c e  c o n t r o l l a b l e  s h i f t s  a n d  a c t u a l l y  
l c o k  f o r  t h i s ?  

M R .  RUEGER: E x d c t l y .  

M R .  McCOUBREY: I t ' s  v e r y  i m p c r t a n t  t o  d o  t h a t .  A s  t h e y  g e t  c l o s e r  
a n d  c l o s e r ,  tt:e d i f f e r e n c e  i s  i n  t h e  d e n o m i n a t o r ,  a n d  y o u  
u l t i m a t e l y  g e t  t h e m  s o  c l o s e  t n a t  e v e n  a n  e x t r e m e l y  s m a l l  
c o u p l i n g  w i l l  i n f l u e n c e  t h e  s i t u a t i o n .  

M R .  RUEGER: We h a v e  i s o l a t i o n ,  i n  t h e  c l o s e d  l o o p  s y s t e m ,  c f  
a b o u t  120 d B ,  a n d  we h a v e  a n  a d d i t i o n a l  i s o l a t i o n  o f  a n  i n i t i p l  
120 d E .  T h a t ' s  a b o u t  t h e  l e a k a g e  t h r o u g h  s o l i d  c o a x  c a b l e s .  

M H .  McCOUBREY: U l t i m a t e l y  200 dB.  

M R .  PETERS: A c t u a l l y  t h e  r e c e i v e r s  a r e  m o u n t e d  i n  v e r y  i n t i m a t , e  
c o n t a c t  w i t h  t h e  t o p  o f  t h e  c a v i t y ,  s o  t h e y  h a v e  e n o r m o u s  
i s o l a t i o n .  B e s i d e s  t h a t ,  we h a v e  s y n t h e s i z e r s  w h i c h  h a v e  a  
r e s o l u t i o n  o f  5 t i m e s  t e n  t o  t h e  m i n u s  s e v e n t e e n t h .  W i t h  e l o v e n  
d i g i t s ,  y o u  c a n  r u n  t h e  maser f r e q u e n c y  t h r o u g h  a n o t h e r  o n e ,  
t h r o u g h  a n y  f r e q : l e n c y  y o u  w i s h ,  a n d  y o i  w i l l  n e v e r  s e e  a n y  
p u l l i n g  p h e n o m e n o n  w h a t s o e v e r .  U n l e s s  y o u  t a k e  t h e  r e c e i v e r  
a p a r t ,  o r  p u t  i n  a h i g h  p o w e r  s i g n a l  a t  o r  n e a r  t h e  maser 
f r e q u e n c y ,  t h e r z  i s  n o  s i g n a l  i n  e x i s t e n c e  w h i c , .  w i l l  e f f e c t  i t .  

M R .  McCOUBREY: A p p a r e n t l y  t h i s  !-,as b e e n  l o o k e d  a t  i n  d e p t h .  

VICTOR REINHARDT, HUGHES AIRCRAFT COYPANY: W h a t  y o u  h a v e  t o  
r e a l i z e  i s  t h a t  w h a t  y o u  a r ?  d o i n g  i n  a h y d r o g e n  maser  w h e n  y o u  
c h a n g z  t h e  s y n t h e s i z e r  i s  j u s t  t o  m o v e  t h e  VCO, b u t  n o t  m o v i n g  
t h e  maser  f r e q u e n c y .  You c a n  s t i l l  s e e  e f f e c t s  i f  y o u  a r e  n o t  
c a r e f u l .  T h e y  d p n r t  e f f e c t  t h e  m a s e r ,  b u t  t h e y  d o  e f f e c t  t h e  VCO, 

rld y o u  c a n  s o r i c t i m e s  s ee  i n t e r a c t i o n s  a n d  b e a t s  b e t w e e n  t h e  
c r y s t a l s  i f  y o u  a r e  n o t  c a r e f i l l .  



You h a v e  t o  remember t h a t  t h e  two m a s e r s  a r e  a l w a y s  r u n n i n g  
a t  1 4 2 0  m e g a h e r t z  r e g a r d l e s s  o f  w h a t  y o u  d o  w i t h  t h e  
s y n t n e s i z e r s .  

M R .  R U E G E R :  They a r e  n o t  r e a l l y  t h e  same f r e q u e n c y .  

M R .  McCOUBREY: Yes. I f  t h e  C f i e l a s  a r e  o f f ,  t h e  f r e q u e n c i e s  w i l l  
be  s l i g h t l y  d i f f e r e n t .  

ALBERT K I R K ,  JET PROPULSION LABORATORY: Have  you  a c t u a l l y  
m,asured t h e  n o i s e  c o n t r i b u t i o n  o f  t h e  o f f s e t  g e n e r a t o r  i t s e l f ?  

M R .  I N G O L D :  Y e s ,  we h a v e  m e a s u r e d  t h a t .  I t ' s  a p p r o x i m a t e l y  o n e  
p a r t  i n  t e n  t o  t h e  t h i r t e e n t h ,  t a u  t o  t h e  m i n u s  o n e - h a l f .  T h i s  
was f o r  a  m a s e r  w i t h  t h e  e x t e r n a l  s y n t h e s i z e r  compared t o  a n o t h e r  
mase r .  

M R .  K I R K :  Yes,  but, have  you t r i e d  t a k i n g  one  m a s e r  and o f f s e t t i n g  
it and t h e n  compar ing  it a g a i n s t  i t s e l f ?  

M R .  I N C O L D :  Y e s ,  i t ' s  a b o u t  o n e  p a r t  i n  t e n  t o  t h e  t h i r t e e n ,  t a u  
t o  t h e  minus o n e - h a l f .  

M R .  A L L A N :  To t h e  minus one? 

M R .  REINHARDT: To t h e  minus  o n e - h a l f .  Why is  i t  t a u  t o  t h e  minus  
o n e - h a l f ?  

M R .  IKC OLD:  I c a n ' t  e x p l a i n  i t .  




