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Fig. 1. The principle of balanced homodyne detection.
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Fig. 2. (color online) The schematic of high precision
auto-balance time-domain homodyne detector. Signal,
signal beam; LO, local oscillator beam; PMBS, polariza-
tion maintaining beam splitter; MVOA, motor variable
optical attenuator based on fiber bending; CSRM, clock
signal recovery module; SPM, signal processing module;
BHD, balanced homodyne detector.
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Fig. 3. (color online) Pulsed signal output from the de-

tector and the corresponding recovered clock signal.
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Fig. 4. (color online) The schematic of variable opti-
cal attenuator. 1l-motor driver; 2-linear stepper mo-
tor; 3/5-fixed block; 4-slide block; 6-base; 7-slide bar;
8-screw; 9-optical fiber fixing fixture; 10-fiber coils.
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Fig. 5. Attenuation of fiber coils versus their radius.
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Abstract

Quantum key distributions, which could make legitimate communication parties Alice and Bob achieve the same
random key with unconditional security, will have broad applications in defense, commerce, and communication. The
protocol of the continuous variable quantum key distribution (CVQKD) has many advantages, such as easy preparation
of the light source, high detector efficiency, and good compatibility with the classic fiber-optic communication systems.
In recent years, great progress in the research of CVQKD has been made both theoretically and experimentally. In the
protocol, the quadratures of the optical field with Gaussian or Non-Gaussian modulation are employed as the carriers of
the key.

The quadratures of the pulsed optical quantum states in CVQKD can be detected with a time-domain pulsed
homodyne detector. The performance of the detector has great influences on the excess noises and the safe key rate
of the quantum communication system. The measurement accuracy, which depends crucially on the common mode
rejection ratio and the long-term stability, is the key performance of the detector. In order to improve the accuracy of
measurement and avoid saturating the detector, we propose and demonstrate a technique to balance the two output
beams of a 50/50 fiber coupler of the homodyne detector automatically. The auto-balance technique, which improves
the long-term stability and high common mode rejection ratio, is described in the following.

Firstly, the relation between the balance degree and the measurement accuracy is theoretically analyzed in detail.
The result shows that a balance degree larger than 10~* should be reached to ensure a high precision measurement when
the intensity of the local oscillator pulse is 10% photons per pulse. Secondly, a fiber-based variable attenuator based on
computer-controlled linear stepper motor is designed. The linear stepper motor that is used to drive the fiber coils has
a small dimension of 20 cm x 20 cm X 28 cm and a minimum step size of 78 nm, and is controlled through the I/O port
of a multifunction data acquisition card connected to a computer. The attenuations of the fiber coils of different radii
are detected. The precision of attenuation is estimated to be on the order of 107® per 100 nm.

The principle of the feedback control is described. A method of changing step-size which depends on the balance
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t Corresponding author. E-mail: wangxuyang@sxu.edu.cn

1 Corresponding author. E-mail: yongmin@sxu.edu.cn

100303-6


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

) I8 % 48 Acta Phys. Sin. Vol. 65, No. 10 (2016) 100303

degree is proposed to fulfill a fast auto-balance process. Using the auto-feedback-control system, a balance degree of
about 1.56 x 107% can be achieved. The procedure of auto-balance takes about 1 s, and the evolution curves that
represent the transformation process from various unbalanced states to the balanced state are presented.

The auto-balance apparatus can ensure that the time-domain pulsed homodyne detector run stably in a long-
term with a high common mode rejection ratio. The nonlinear and saturation effects due to the drift of the balance
point are eliminated. The presented auto-balance time-domain pulsed homodyne detector can be well integrated into
the continuous variable quantum key distribution system, and is expected to play an important role in improving the
measurement accuracy and reducing the excess noises of the system. We believe that it could also be found to have

potential applications in other areas.

Keywords: continuous variable quantum key distribution, time-domain homodyne detector, auto-

balance control
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