
A HYDROGEN MASER !I TH CAVITY AUTO- TUNER 
FOR TIMEKEEPING 

C . F , L i n ,  J.W,Hs, and Z .C,Zhai  
Shanghai Observatory 

Academia Siaica 

A hydrogm maser frequency studwd for timekeeping h a  bemi m k e d  al GJIMghai 
Obeerwwy. The mrreer employe a fast d y  awbtww,  which can dstact und corn- 
rhe frequency drift of & high+ r w w a i  d y  wiih a short time EonscMl by meruur of 
a &nal i n j d o n  m&od, so the b a g  term freqwmy sdabilify of tihe nurecr attmdard wau 
g r d y  i m p r d .  Thia paper deswiba the d y  txdo-tuning nyerCm ancl some dalor 
absainedl from the atomic time comparieon. 

Shanghai Obaerratory haa very atrict reqairewnts for precise frequency and time, 
These repuiremeate arise frola tke need of atomic time scrle keeping aa well a8 a variety 
of radio astronomical experiments such aa VLBI. At the preaent time, the hydrogen maser 
atandarda developed by S h m ~ h a i  Observatory hare been uaed for t imekeepisg aad VLBI 
stition8 in China. The frequency ntability of the standard6 is to porta in lo-'' at 1,000 
aeconds rverrtiag period of time, bat this atabili tj degradea at Ioater averaging intervals 
due to the influences of environment and ervity aginb, Thia long term stability leads to 
tire and frequency errora which reqairea frequency correction to maintain clack accuracy, 

To greatly reduce the reqairement for frequency adjaatment and tuning to compeneate 
for Ion[ tarm cavity drift irdlor environaeatrl cbrr~ea, a continuous cavity auto- tuner 
for the hydrogen waser was developed at Shanghai Obeervrtory ri th good saccese. The auto- 
tuner haa been installed in a hydrogen raaer tad proved a aucceanful method which can 
provide srch coatinroas tuaia~ without much perturbing the maser ahort term stability, 

The hydro~en maaer freqnency etandard with the aato-taaer is u active oacillator, 
Pig. 1 is a pictue of the maser and Pig, B is r line drclniag illaatrating the maaer 
structure. One of the nniqae and important featarea of the maser is the incorporation of a 
cavity auto-tuner to aairtria the cavity at r conatrut frequency relative to the hydrogen 



emiseion line, The auto-tuner is a stand-alone system and doee not require periodic eource 
pressure changes or a separake frequency reference as ueed in the traditional spin-exchange 
method of cavity tuning, Beaides, the preeent design of all the maser etandard paid more 
attention to the compact conf i~uration, so that the maser has a rugged. reliable and 
transpor table feature 11 , I21 , 

CAVITY AUWTUNER 

The principle of the cavity auto-tuner is described in Fig, 3 1 3 3 ,  I 4 3  .when a 
frequency modulated microwave s i ~ n a l  f (t) is transmitted through the cavitg,an amplitude 
response eianal AIt) is obtained in the output eignal, then applied to raractor coupled to 
the microwave cavity by a lock-in amplifier, so that the cavity resonant frequency response 
is maintained to the desired solid curve throughout. A echematic d i a ~ r a m  of the cavity 
auto-tuner for the maser is shorn in Fig, 4. 

I .  1Hz Sequarewave Generator 

The block d i a ~ r a m  of the generator is shown in Fig, 6, The generator hae two outpute, 
The m e  ia applied to the 20.406t fAr switched synthesizer to modulate the frequency, 
the other one is eppl ied to a synchronous detector circuit where an " p h r  "own" error 
signal i a  generated, The phase shifter ifl adjusted to ensure that the cavity auto-tuner is 
a negative feedback syatem. 

2, 20,406-1- f A 8  ewi tched eynthesirer 

As we knew, the 20,406ifJflz signal which is mixed with 1,lOOMnz aignal generates 
a 1,120,406t fJDs frequency modulated signal, To prevent interference with the maeer 
operation, the near ly complete carrier suppreseion in the injected microwave eignal must 
be required, At the same time, the power of the injected signal in 1,480.406t f J H z .  and 
one of the eignal ia ~ , 4 2 0 , l O 6 - f ~ H z  must be equal, where f,zO, 016Mllz. Fig, 6 i e  the block 
diagram of the 20, k 0 6 t  f,,,Mllt switched syntheeirer, where using PLL is to improve the 
frequency spectrum of the output si~nal. P i g 7  (a) and (b) are the pictures of 20,406+ 
f A z  and 1,420,406LfJFlx aignals, which are meaeured by RP8666A frequency spectrum 
analyzer. 

3,  Lock- in Amplifier 

The lock-in amplifier is described in Fig,8,The amplitude responee eignal icl amplified, 
rectified and sent to a synchronous detector, and then m "p" or "down" signal i e  biven, 



Alter filted and inte~rated, the signal by a bias is added to the varactor ia the cavity, 

4. Phase- locked receiver 

Some improvements were made in the phase- locked receiver, First, a narrow crystal 
filter IB1=4KlJa), rhich suppresfiea the injected sifnal, is inaerted to prevent i t  from 
interfering the phase-locked loop operation,Iowever,all circnita before the cryetal filter 
muat have a wide operating frequency band to transmit the injec led eignal to lock-in 
amplifier without phase and amplitude loss, Second, the 406mr digital synthesizer adopted 
a new digit direct-dividinl: and combining technique and avoided the adjusting complexity 
of the phase-locked loop combinatioa, 

The first series o f  tests were made to determine the operating characteristics of 
the maser with and without the auto-tuner, Allaa variance data plots, turning on and off 
the cavity auto-tuner, are contained Fig.9, and clearly show that there ia only minimal 
debration of the maser dart term stability with the introduction of the injected gigaal 
of the cavity auto-tuner, However, the long term etability of the maser has greatly been 
improved, 

These teste have been made under normal working laboratory conditions in an area 
where Ehe temperature is held to approximately 23tL It, The reference maser is 11, 113 , 
123 , 

In addition, the maser hae been working continuously for atomic timekeeping at Shang- 
hai Observatory since June, 1991. Fif, 10 ehove the comparison data meaeured between the 
maeer clock and UTC by meane of GPS receiver, The data illuetrates the maser frequency 
atandarda with cavi t y  auto- tuner can be used for time keeping, 

Much more stability data will be taken under different condition of operation and for 
l o n ~ e r  times, The maser is still being tested and adjusted to optimize the maser parameters, 
however, the present data is quite encouraging, 
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Fig, The Maser Structure 

F ig ,  1, The Hydrogen Maesr w i t h  
Anto-Tnner f o r  Time Keeping 
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Pif1 3 ,  Reeporae of Cavity to  Frequency Modalrted S i ~ a a l  
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Pig,  I ,  Cavity Aato-Taner System 

Pig, 6, 11% Squarewave Generator Pi!, 6, 20,106+ f 3 l r  Sri tehod 
Synthesizer 
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F i g ,  7,  Frequency Specirrtm of 20, iOSk f 3 z  and 1,420,106r_t faz e i ~ n a l e  
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Pig, 8, Lock-in Amplifier 
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