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Abstract: We report a new quantum key distribution scheme using direct-modulation
method associated with single sideband detection (SSB). Experiments were
carried out at 850 nm using standard electronic and optical components.

1. INTRODUCTION

Quantum cryptography or quantum key distribution (QKD) has known an
increasing interest because it offers higher security than public-key based key
transfer systems [1]. Several systems [1-4] have been developed to exchange
quantum keys via optical fibres, achieving key distribution up to 100km [5]. In a
recent experiment [6], a 23km key transmission was performed in free space, hence
demonstrating the feasibility of QKD for ground-to-ground or space application.
However, only one method based on polarization-coded quantum states has been
explored to realize free-space key distribution.

We report a new free-space transmission quantum key distribution method,
using a direct-modulation technique associated to a single sideband detection
method [7]. The use of directly modulated laser diodes and standard electronical
components at the emitter enables suitable integration and thus offers potential
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satellite-to-ground applications. The experimental prototype operates at 850nm
using off-the-shelf components.

2. PRINCIPLE

Figure 1 shows the proposed system.

D 92

Vs

MZ F SPCM

Figure 1. Schematic diagram of the direct modulation scheme.

The source (S1) is an attenuated laser diode operating at optical frequency ay
(quantum signal). S1 is directly modulated at 2 << @, with a modulation depth
m<<]. The modulating signal is produced by a voltage controlled oscillator (VCO)
that drives simultaneously a second laser diode S2 operating at optical frequency
.. Both optical signals are transmitted thanks to a WDM coupler (C1). Their
optical spectra are composed of a central peak and two sidebands at frequencies
w2 (ox2) with phase @, (0) relative to the central peak. The phase @ is
introduced by a phase shifter. At the receiver, a WDM demultiplexer (C2)
separates the transmitted signals. The synchronisation signal is converted by a
detector (D) that generates an electrical signal at frequency (2 The amplitude of
the electrical signal is matched to the emitter modulation depth m and drives an
unbalanced integrated Mach-Zehnder modulator (MZ). An additional phase shift
@; is introduced thanks to a second phase shifter. The bias voltage Vs is matched
to the chirp value of the source S1 such that the probability P; and P, of detecting
one photon in the lower and the upper sidebands of the quantum signal are
respectively governed by a sine-squared and a cosine-squared function of the phase
difference (@;-@;). The sidebands are separated by an optical filter (F) and photons
are counted by a single photon counting module (SPCM). The BB84 protocol can
then be implemented with only one detector as shown in [8].
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3. EXPERIMENT

The experimentals circuits are shown in figure 2 and 3. The actual prototype
size emitter (fig.2) is 15x10 cm .The quantum signal is generated by a 1mW,
852nm DBR laser diode. The modulation amplitude is set to m ~ 0.3V thanks to an
integrated VCO and amplifier (RF circuit). Calibrated attenuators attenuate the
light so that with the chosen value of m, the average photon number sent in the
fibre is approximately 0.21 photon per pulse in each modulation sideband. The
operating frequency is 2GHz. The synchronisation signal at 2GHz is produced by
the same VCO and modulates a standard CATV DFB laser (DMDFB) emitting at
1310 nm.

Command RF
circuit circuit

Figure 2. Prototype of the emitter.

Its average power was set to 10 uW to avoid crosstalk with the quantum
signal. At the emitter a computer controls a quadrature phase-shift-keying (QPSK)
modulator (including in the RF circuit) to introduce a phase variation @; ,
randomly chosen among four possible values. An additional square-modulation at
1MHz is mixed with the synchronization signal to be used as a clock thanks to an
external RF switch (SW). The command circuit converts the digital signal
generated by the computer into the required analog signal.
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Figure 3. Prototype of the receiver.

At the receiver (fig.3), the quantum and the synchronization signal are
separated by a 30dB isolating WDM demultiplexer (not shown in fig 3). The
synchronisation signal is first converted into an electrical signal by a standard
detector (D). The resulting electrical signal is then split and filtered in two different
ways to obtain in one case the plain 2GHz frequency and in the other case the
IMHz square envelope. This IMHz clock is used to switch randomly and
synchrounously the phase @, among four possible values and generates a 50ns
duration gate that allows the EGG single photon counting module to be gated. In
these conditions the quantum efficiency and the dark count per gate are 50% and
1.10°. We use a customized LiNbO; intensity modulator (MZ) and fibre Fabry-
Pérot interferometer (composed of two bragg gratings, not shown in fig 3) with a
FSR of 10GHz and a finesse of 100 to select only one sideband. Quantum signal
was detected by a SPCM. Key distributions have been performed with a 100m
single mode fibre at 850nm. The reconciliation process [9,10] uses a LAN
connection as the public channel. The global attenuation of the receiver was around
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6dB at 850nm. The quantum bit error rate (QBER) measured was thus found to be
around 1% for a raw bit rate of 5Kc/s.

4. CONCLUSION

We have reported a new direct modulation method using a SSB detection
scheme. Unlike a recent free space polarization based QKD experiment [11], the
synchronisation and quantum signal used the same transmission channel. The first
results obtained show the possible used of our method in free space transmission.
Finally, the laser diodes can be replaced by VCSEL sources allowing future on-
chip integration of the emitter with hybrid CMOS VLSI [12] electronic circuits.
This work is under progress.
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