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Abstract: A free-space quantum key distribution system is being developed by the National
Institute of Information and Communications Technology (NICT) in Koganei, Japan. Quantum
cryptography is a new technique for transmitting information where the security is guaranteed by
the laws of physics. In such systems, a single photon is used for the quantum information; however,
since the transmission distance in optical fibers is limited by the absorption of photons by the fiber,
the maximum demonstrated range has been about 100 km. Free-space quantum cryptography
between an optical ground station and a satellite is a possible solution to extend the distance for a
quantum network further beyond the limits of optical fibers. At NICT, a laser communication
demonstration between the NICT optical ground station and a low earth orbit satellite was
successfully conducted in 2006. For such space communication links, free-space quantum
cryptography is considered an important application for the future. A bread board model for
free-space quantum cryptography using a free-space polarization tracking scheme has been
developed by NICT, and the preliminary test results for the quantum key distribution with the
polarization tracking between two buildings in NICT are presented.
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Fig. 1. Configuration of transmitter (Alice).
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Fig. 2. Configuration of receiver (Bob).
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Table 1. Parameters for the QKD system.
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Fig. 3. Photographs of the field QKD experiments
in the NICT facility.
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Fig. 4. Correlation of detected photons without the
corrected polarization basis between transmitter and
receiver.
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Fig. 5. Correlation of detected photons with error
correction between transmitter and receiver.

Protocol B92
Clock rate 20 MHz
Mean photon number 0.11 photons/pulse
Dark count rate 490E-4
QBER 0.90%
Sift key rate 98.1 kbps
Final key rate 43.8 kbps (estimated)
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Fig. 6. Final key rates for free-space and fiber-based
transmission systems as a function of the dark count rate.
Pd stands for the dark count rate. The dot “Measured”
shows the experimental result of the BBM model.
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Fig. 7. Final key rates for free-space and fiber-based
transmission systems as a function of the distance with a
clock rate of 2.5 GHz, dark count rate of le-6 and
imperfection of 0.01
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Fig. 8. Rotation angle of the halfwave plate mounted on
the mechanical rotator at -35 deg and the input and
output drive voltages of the motor control signals.
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Fig. 9. R&D roadmap for space laser communications
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