A KIND OF SMALL HYDROGEN MASER FOR
TIME-KEEPING g)é ;76.)

£.C Zhai, C.F. Lin, J W He, H X Huang, J.F. Lu
Shanghai Observatory
Academia Sinica

ABSTRACT

A kind of small hydrogen maser standard for timekeeping is being developed
at Shanghai Observatory.The maser employs a cylindrical capacilively loaded cauvity
consiruction, resulling in significant size and weight reduction compared (o a tradi-
tional hydrogen maser.The Q of the compact cavily is electronically enhanced by
a suitable positive feedback into the cavity to enable sustained maser oscillation.The
long-term stability of the maser is improved by a cavily frequency stabilization serve
system. This paper describes the design and development of the maser, as well as
photographs of the new maser system during the construction phase.

INTRODUCTION

After the success of the first Chinese hydrogen Maser made at Shanghsi Observatory
in 1973, 5 more hydrogea Masers with several improvements to the maser design were made
&t Shanghai Observatory for VLBI observations and for time-keeping. These hydrogen Masers
are conventional laboratory stendards. '

To equip chinese VLBI network, a new gemeration of hydrogen maser, a integrated, rugged
gnd easily transportable maser, was developed successfully in 1987. €* 22 And so far §
this kind of hydrogen masers have beem put to use in chinese VLBI metwork aad in mili-
t“y C4,6)

At present,Shanghai Observatory mesnwhile is developing the (hird gemeration of
kydrogen maser,a Q-emianced maser, which employs a compact cavity design, resulting in
gignificant size and weight reductions compared to a conventional maser. The long-term
stability for this kind of maser is improved by & cavity frequeney stabilization servo
system. This paper describes the design sad development of the Q-emhamced hydrogen maser,
as well as photographs during the construction phase



OPERATION PRINCIPLE ¢’

The operation principle of & Q-enhanced maser oscillator is shown in Figure |
Simifar to 4 couventional maser. s state-selected beam of hydrogen atoms is focused into
8 storage buld placed inside & compact cavity tumed to the hyperfime transition frequency
of gronnd-ctate bydrogen atoms The interaction of the atoms with the cavity electromagnetic
field causes the atoms to radiate The losses ia the compact cavity are such that the maser
oscillation condition is difficult to satisfy. This limitation is overcome by positive
feedback, as shown in Fig | A portion of the externally amplified maser output is fed back
into the cavity The sitenuation in the feedback loop determines the amount of feedback
while the phase shifter adjusts propagation delays to ensure that the feedback signal is
il phase with the electromagnetic [ield in the cavity. Thus, the cavity losses are effec-
tivaly reduced or cavity Q-enhanced snd sustained maser oscillaiion can be obtained

Mowever, the cavily in 8 Q-enhanced oscillator is not an isolated component as in a
conventional maser The cavity resonance frequeney is seasitive to phase shift in the feed-
hack loop. In fact. the cavity and the [eedback loop form & resonsnt system that is suscepti-
hle to environmental perturbations It is therefore essential to have 4 cavity frequency
stapilization servo system.

MASER OSCILLATOR SYSTEM

The physics unit of the Q-enhanced maser is shown in Fig 2. The mechanical structure
except for the cavity is similar to a conventional maser. The vacuum chamber is made of
sluminum sad is connected to the source manifold by & titsnium tube whick provides mech-
snical support with low thermel leakage to the cavity intersction region. Vacuum maintenance
is provided by 701 /s ion pump, as shown in Pig 3. The source of the state-selected atomic
hydrogen beam. consisting of s rf dissociztor and 2 hexspole magnet, is fabricated a8 the
conventions! desiga. The solenoid is made of multi-layer printed circuit desige. allows very
complete cancellation of spurious magmetic field aad provides a rugged, close-fittieg, and
simple coil system which is equipped with two ead field gradient correction coils driven
from the same current source as the main coil Magnetic shielding is provided by four layers
of concentric cylindrical shields with conical end caps 8s shown in Pig 4

The cavity consists of a section of 15em O.D * 5mm wallv 15cm long alumioum tubing
with aluminum end pletes. [aput and output coupling loops as well a8 & varactor reactance
funer sre mounted on the botfom end plate For tuning the frequemcy of the cavity, a big
mechanical piston imside the cavity is mounted on the top end plate The storage bulb, {0cm
0.D. v lem long. provides mechanical support for the cylindrical loading capacitor. The
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capacitor cousists of four equally spaced electrodes fsbricated from 0. 5mm thick <gem
wide 11cm long copper shims and attached to the bulb by epoxy The bulb is costed on the
inside sutface with F4§ Tellon by stsodard techmiques. The loaded carity @ is about §000
Pig 5 shoss the caviiy-storage buld sudassendly

Seoa;ate tezperature controls are provided st the dome, cyinder, and base sections
of the vacuum chamhes 2o well as at ontoven aluminum cvlinder located the outside of the
second laver of tle magnetic shields To minimize DC stray fields, double bifilar heater
aindings acd DC hesber currents are used Fig § shows under gssembling of the maser
oscillstor

ELECTRONICS SYSTEM

As zentisned shove, the cavity snd the feedback loop form o resonant system that is
susceotible Lo cnvironmental perturbations [t is therefore essentisl to have & cavity
[requency stabilization servo sysiem. ds shown in Fig 7. if the desired cavity frequency is
fo. then two test sigoals of equal smplitude at frequencies f, and f; symmetrically
situated with resvect to fo snd at half-power points of the cavily response will be alter-
naiely fnjected into Lhe cavity by square wave modulating the test signal source. If the
cavity response is represented by the solid curve in Fig 7, then the rectified test signals
have the same amplitude and there would be no error signal b the modullating frequency. On
the other hand. if the cavity has drifted so that the response is represented by the dotted
curve, cavity trensmissions &t frequency f, sod 5 are quite different. The rectified test
signals produce & square wave ai the modulating frequency This error signal is syachron-
ously detected and additional gain is provided by a smoothing integrator, the output of
ohich is used to biss the varactor reactsnce tumer so that the cavity response is slewed
baek to the desired solid curve

A functional block diagram of Q-enhanced maser signal-processing systen is shown in
Fig 8. The cavity Q enhancement and frequemcy stabilization servo are located, respectively
in the central portion and in the left side of the disgram The froat end microwave electr-
onics is common to both systems After the first comversion, the signal is divided into two
channels by a power-divider. [n ome chamnel & garrow c:ystal band pass filter (3W={JKNL)
passes maser oscillation signal to the clock signal processing circuits [n the other
channel. the signals are rectifed and svachronously detected for the cavity stabilization
servo system To minimize interference with radiating atoms due to switching sidebands
the test gigaal synthesizer is switched to gemerste alternately the two test frequeacies
at a relatively low rate of 1N The spaciog of the frequencies foand f, is selected fo
be 30KHz since strong maser oscillation could be obtained with an enhanced cavity width
of that magnitude
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Fhat we should wmembion is that except for the {ront-end compoents, the signal-
processing electronies is housed in a rack seperate from the physice wnit, A thermal
conbfol 10ie 15 used to regulate the temperature of an aluminum box in whick the fromt-end
it olectonic components are mounted These components include the feedback loops and
the tetegrator that arives the resctance tuner The box location is chosen to minimize the
wERVD 00 432 tramspission lige used in maser input-outgoing coupling Fig ¢ shows the mager
*lacteontes system including the cavity stabilization seryo 72

T'HE LAST WORD

0 bae sections above, we described ile design sad development of & small oscillating
compact bydrogen maser at Shanghai Observatory as well as some photographs during the
construciion nease At preseat, the maser is under assembling and testing Hopefully we can
oalaic suze lsta al the beginning of the zext jear
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Fig. | Schematic of & q-endaaced maser oscillator

Fig. 2 The photograph of 2 §-enhanced Fig 3 The photograph of a small
maser oscillator system size [on pump

Fig 4 The photograph of magnetic shieldieg
aith conical end caps
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Fig.9 The photograph of Q-enhanced maser electronics system
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