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Balanced amplified photodetector with low phase noise and large area
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Abstract: In order to achieve accurate phase detection of diverging and rapidly modulated light signals
in optically pumped atom magnetometer systems and to solve the problems of existing commercial bal-
ance photodetectors in terms of small optical sensitive area, small gain, small bandwidth, and poor
phase performance, the balanced differential detection method based on Kirchhoff's law is adopted in
this paper. The mechanism for system common mode noise suppression is analyzed and a low phase
noise balanced amplified photodetector, the sensitive area size of which reaches $10 mm per photodi-
ode, is designed. Moreover, a two-board-isolation fabrication method is applied to avoid thermal noise
and a low phase drift characteristic is achieved. Experimental results show that the —3 dB bandwidth
of the photodetector reaches 1. 1 MHz, with a signal transimpedance gain of 0. 91 MQ, while the
peak-to-peak phase noise at 175 kHz modulated optical signal does not exceed 0. 002 3°. The photode-
tector meets the requirements of optical signal precision phase demodulation in alkali metal atom mag-

netometer systems.
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Fig.1 Schematic of atomic magnetometer system
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Fig. 3 Circuit schematic of balanced photodetector
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Fig. 6 Frequency response of balanced photodetector
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Tab.1 Test record of phase drift for balanced photodetector

Phase offset Average phase

NO. ‘ s i ‘ /(Q)
@/ offset ¢,/ (%) L
0 0. 005 0.000 833
1 0. 004 0.001 833
2 0. 006 0.000 167
0.005 833
3 0. 005 0. 000 833
4 0. 008 0.002 167
5 0. 007 0.001 167
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Tab. 2 Performance indicators and characteristics of balance detectors
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