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Progress on Quantum Key Distribution Using Ultralow Loss Fiber
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We use a 2.5 GHz clocked quantum key distribution system to perform long-distance and
high-speed quantum key distribution. Taking benefit from superconducting detectors opti-
mized for each operation regime and low-loss fiber, we achieve state-of-the-art performance.

Secure communication is a cornerstone of our
society and finding a way to protect our per-
sonal data while making it globally accessible is
a profound challenge. Quantum key distribution
(QKD) enables the secure establishment of cryp-
tographic keys between two remote users, Alice
and Bob. Importantly, the security of QKD de-
pends only on the principles of quantum physics.

QKD has become commercially available for
point-to-point operation with MHz rates and
over distances larger than 100 km. Achieving
higher rates and long distances remains a chal-
lenge and to obtain such high performances both
the hardware and the post-processing parts of a
QKD system should be optimized.

Our experiment takes advantage of state-of-
the-art performance on all fronts to push the
limits to new heights. We rely on a new 2.5
GHz clocked setup, low-loss fibers, in-house-
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Figure 1. Schematics of the experimental setup.
Laser: 1550 nm gain-switched laser; Piezo: piezoelec-
tric fiber stretcher; FM: Faraday mirror; IM: inten-
sity modulator; DCF: dispersion compensating fiber;
VA: variable attenuator; BS: 3-port beamsplitter;
SNSPD: superconducting nanowire single-photon de-
tectors. Dashed lines represent temperature stabi-
lized boxes.

made highly efficient superconducting detectors,
and last but not least a very efficient one-decoy
state scheme.

Protocol: We use the simplified BB84 pro-
tocol presented in [1] with the one-decoy state
method [2]. The experimental setup is depicted
in figure 1. See [3, 4] and references therein for
a detailed description of the system.

Source of quantum states: Time-bin en-
coded states are generated by a state-of-the-art
source at a rate of 2.5 GHz. This is to our knowl-
edge, the fastest repetition rate for a QKD plat-
form. While modulation rates up to 40 GHz are
standard in classical communication, QKD re-
quires high extinction modulation and achiev-
ing rates of few GHz is already a challenge.
The preparation error is responsible for less than
0.5 % of quantum bit error rate.

Quantum channel and dispersion man-
agement: In order to maximize the transmis-
sion distance, we use ultralow loss fiber (ULL)
with an attenuation of 0.17 dB/km including the
connections loss. To reduce the impact of the
chromatic dispersion, we precompensate it with
dispersion compensation fiber (DCF) placed on
Alice’s side. The DCF dispersion is around
−140 ps nm−1 km −1.

Experiment control and post-
processing: The setup is controlled by
two field programmable gate arrays (FPGA)
which perform in real time the following steps:
state preparation, sifting, error correction, error
verification and privacy amplification. Real-time
privacy amplification is usually a bottleneck
for high-speed QKD. However, using a tight
bound for the finite-key analysis, we are able
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Figure 2. Circles: experimental final SKR ver-
sus distance. Squares: results of other long-distance
QKD experiments using ULL fibers: (1) BB84, B.
Frölich et al. [5]; (2) Coherent one-way, B. Korzh et
al. [6]; (3) Measurement-device-independent QKD,
H.-L. Yin et al. [7]. The upper axis is obtained by
considering an attenuation of 0.17 dB/km.

to reduce the privacy amplification block size,
therefore improving the maximum throughput.
Synchronization and communication between
Alice’s and Bob’s devices is performed through
a communication link based on 10 GHz small
form-factor pluggable transceivers.

Single-photon detectors: We employ in-

house-made superconducting nanowire single-
photon detectors (SNSPDs) wich feature dark
count rates as low as 0.1 Hz, detection efficien-
cies up to 50 % and timing jitters smaller than
30 ps.

Long-distance operation: Experimental
results are depicted in figure 2. We exchanged
0.25 bps at a transmission distance of 421 km,
which is the maximal transmission distance re-
ported for a QKD system in fiber. We achieve
an improvement of the SKR by 4 orders of mag-
nitude with respect to the only comparable ex-
periment over 400 km [7] (which was using a
measurement-device-independent QKD configu-
ration).

High-speed operation: We also investigate
the short distance regime which implies high de-
tection rates. This regime requires detectors
with very short recovery time. The SNSPDs
we use feature more than 50 % detection effi-
ciency at 50 Mcps detection rate and timing jit-
ters lower than 60 ps. To reduce the detector
saturation at short distance, we employ up to
three detectors in the bit basis (Z). This is work
under progress. We envisage secret key rates ex-
ceeding 50 Mbps at 2 dB attenuation. Moreover,
the maximum throughput of the privacy amplifi-
cation would be 75 Mbps of secret key rate with
a privacy amplification block size of 105 bits and
compression factor of 0.3.
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