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Development and performance analysis of a miniaturized low phase
noise space borne rubidium atomic frequency standard

Wang Jianxiang, Cui Jingzhong, Wang Shiwei, Zhang Jun, Liu Zhidong
(Lanzhou Institute of Physics, China Academy of Space Technology, Lanzhou 730000, China)

Abstract: With the construction of satellite-ground integrated communication network, the collaboration between space borne
microsatellites and ground stations can achieve global coverage and high-speed transmission of signals. This new communication mode
puts forward higher requirements for the stability and accuracy of the clock, which cannot be satisfied by using crystal oscillator.
Combining with the requirements of satellite-ground integrated communication network and the excellent short-term frequency stability of
rubidium atomic frequency standard ( RAFS), the miniaturization design of RAFS is carried out by using phase-locked microwave
generation, direct digital frequency synthesizer, preamplifier, phase sensitive detection and TEg,; mode magnetron microwave cavity. The
100 MHz phase-locked output function is added to RAFS to meet the requirements of communication payload on clock frequency as well.
Performance analysis exhibits that the miniaturized low phase noise space borne RAFS has the characteristics of high stability, low phase
noise and wide operating temperature range. The weight of the product is 1. 8 kg, the steady-state power consumption is 22 W, the
frequency stability of 100 MHz signal is oy (7) <3x107277"*(1 s<7<10 000 s) and the phase noise @ 1 MHz is —162 dBc/Hz. The
RAFS can operate stably in orbit for a long time, which can be used as the clock source of communication satellite payload.
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Fig. 1 Block diagram of passive rubidium atomic frequency standard
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Table 1 Main performance index of miniaturized RAFS

T H LD
ENENNE 200 mmx 150 mmx50 mm
HE 1.8 kg
PR LR -6.07x107/d
AR ST R HEA 3.246x107"
FRFRAIR 100 MHz
100 MHz i i {E B 1% 18.53 dBm
B -37. 80 dBec
L -83.84 dBe
TAERE -10°C ~40°C
SRR A A 1.35x107'°
RADFE(ESR) 22.0 W(20C)
19.9 W(40C)

23.8 W(-10%C)
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