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Figure 1 Electronic structure of the space-borne rubidium atomic
clock.
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Figure 2 Structure of the physics package of the space-borne
rubidium atomic clock.
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Figure 3 YRb-D, line spectral profiles of Xe and Ar gas rubidium
lamps. Lamp bulb temperatures are set at 110°C.
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Figure 4 Spectra of the Xe gas rubidium lamp with light (a)
unfiltered, and (b) optically filtered.
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Figure 5 Distributions of magnetic field lines in microwave cavities
with slotted tube inner diameters of (a) 14 mm, (b) 20 mm and (c) 30 mm.
The dotted boxes define the atomic resonance regions.
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signal.
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Figure 7 Influences of shot noise, intermodulation noise and physical
environmental effects on the frequency stability of the version 2
rubidium atomic clock.
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Figure 8 Frequency stability test results of the version 1 (dotted lines)
and the version 2 (solid lines) space-borne rubidium atomic clocks.
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Characteristics of the space-borne rubidium atomic clocks for
the BeiDou III navigation satellite system

MEI GangHua'”', ZHAO Feng'”’, QI Feng"’, ZHONG Da'’, AN ShaoFeng'’,
WANG PengFei'’, MING Gang'”, WANG Fang'”, QIU ZiJing'”’, KANG SongBai'”,
WANG Qin'?’, WU HanHua"?, YAN ShiDong"?, HOU LinShan'”,

WANG Chen"” & WANG Li"*

! Innovation Academy for Precision Measurement Science and Technology, Chinese Academy of Sciences, WuHan 430071, China;
* Key Laboratory of Atomic Frequency Standards, Chinese Academy of Sciences, WuHan 430071, China

In this paper, we describe the characteristics and performance of space-borne rubidium atomic clocks for the BeiDou I11
navigation satellite system. The frequency stability of a rubidium atomic clock depends mainly on the signal-to-noise
ratio (SNR) of the rubidium atomic transition signal, the noise of the interrogating microwave, and the physics
environmental effects of the atomic system. To enhance the SNR, in the design of the physics package, we use a slotted-
tube microwave cavity with a field-orientation factor higher than 0.9 and a rubidium spectral lamp with Xe as the starter
gas. The light emitted from the lamp is filtered through both optical and isotope filters. We employ a low-phase-noise
microwave chain, and the influence of the noise of the interrogating microwave is controlled to within 4.9x10"%/z'*. By
optimizing the operating parameters, the influence of the physics environmental effects on the long-term frequency
stability is reduced to a level below 3 x 10”"°. Two versions of the space-borne rubidium clock were produced. Version 1
has a typical performance of 1.5x10 */t"* for short-term stability, and 1.3x10* and 9.4x10 "° for 10*s and one day
stabilities. For version 2, the typical frequency stabilities are 6.1 x 10~/ for short-term, 7.1 x 10™" for 10* s and 3.9 x
107" for one day. Based on the current progress, we anticipate that the performance of the rubidium clocks can be further
improved.

BeiDou navigation satellite system, space-borne rubidium atomic clock, optical pumping light source, slotted tube
microwave cavity, microwave chain, frequency stability
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