Published in Electronics Letters 37, issue 12, 778-780, 2001 1
which should be used for any reference to this work

Free-space optical data link using Peltier- cooled quantum cascade laser

S. BlaserD. HofstetterM. Beck and J. &ist

The authors demonstrate a free-space optical dataverk3s0m using side, we emplged a mirror telescope with a diameter ofctb and a
a Peltiercooled 9.3um quantum cascade laser aiérg at a dutyycle focal distance of 62.&m, a &st room-temperature HgCelTdetectar
of almost 50%. On the emitter sida Ge lens as used for beam and a 15IB small-signal amplifier to detect the incoming sigred.
collimation and a flat mirror for beam steering, while on the vecei schematically shon in Fig. 1, a ImW red semiconductor laser pointer

side, a &st room-temperature HgCel@etector in combination with@@

was directed collinearly with the QC laser beam to facilitate alignment.
= 16cm mirror telescope detected the incoming signal.t3hdses at a y Q 9

) " - The first stage wolved aligning the tw laser beams in the lab; then the
maximum repetition rate of 330Hz were successfully transmitted. b b o of . . d di drtards th
The signal-to-noise ratio of the measuremeas \imited by the poer two ea_m§ were bounce steering m'"or and directe 3 ar S_t e
equivalent noise of the detector other lilding, where the telescopeaw installedThe steering mirror

could be tilted and rotated by manual micrometerveer&éhe angular

. o accurayg of this kind of beam steeringas about 3« 10rad. Taking
Introduction: Mid-infrared quantum cascade (QC) lasersehander into account the distance of thailbing with the telescope, this corre-
gone a remarkable dglopment in recent years [1, dpday’ state-of- sponded to roughly dm.

the-art deices can be operated at high duggles abwe room tempera-

ture [3].While most potential applications lie in the field of optical spec- L% s e s s s s s
troscopy [4], other interesting applicationist. These include, for
example, free-space optical data transmission [5]. In contrast to fibre
optical telecommunications, this technique has theamstdge of not
requiring additional cables to beuried in the ground. In urban areas 5
where lage amounts of fibre optical connections alreadstefast free-
space optical data links could be particularlyveonient. QC lasers are
very suitable for such applications because their emissioeleragth
can be chosen in the so-called atmospheric winggions, i.e. around

5 and 1Qum. In addition, thedst internal lifetimes of the diees should
allow for reasonable modulation frequencies of up to 35H@.
Recently Martini et al published results of an optical data link using a
high-speed modulated, liquid nitrogen-cooled QC laser a distance
of 70m and under laboratory conditions [A]hey also succeeded in
transmitting a video image via a commby channel frequenc Since
this experiment vas carried out within auilding, one of the main bene- qoll v v v v b v b by ]
fits of using QC lasers, namelyvirag an emission avelength which is 0 25 50 75 100
barely afected by atmospheric conditions such as rain or f@g mot time, ns
demonstrated. In addition, the use of liquid nitrogen-cooled equipment

on both sides mads the technique sombat less attraate for applica- Fig. 2 Stream of pulses after amplification a&ceiver at pulseepetition
tions in the fieldTo take full adwantage of ourxasting QC laser tech- rate of 300 MHz and pulse duration of 1.5 ns

nology, we present in this Letter an optical data link between tw Inset:Transmitted erage against modulation frequgnc

different iildings separated by ~350 and using a Peltieooled QC

laser as well as a room-temperature HgEd&tectar
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Measuement esults:At a temperature of 258 K and for a dugicle of
50%, the threshold current of the QC laser used for the transmission
experiment vas 2.7A (j;, = 3.0kA/cm?). For the maximum injection
current of 3.2\, we obsered an gerage output pger of 14mW. When
repeating the peer measurement at the other end of the transmission
line and at 308MHz, we still obtained 1..aW average pwer for clear
sky conditions; the measured peakweo was thus of the order of
3.8mW. In foggy conditions, the visibility range dropped to aue
belov 100m. However, the aerage pwer signal decreased by barely
20%. Since the loss was thus of the order @B 8these numbers sio
clearly the adantage of wrking at an emissionavelength in an atmos-
pheric windav region.As shavn in Fig. 2, the typical transmitted signal
TR Ly i . consisted of a stream of almost sinusoidal pulses with a repetition fre-
moving telescope (f/3.9) queny of up to 33MMHz and a pulse width of 1r&s. For SOOMHz_,. a
noise leel of roughly 0.25nW (peak-to-peakalue, before amplifica-
tion) was obsergd; together with the transmitted peakveo mentioned
above, this corresponds to a signal-to-noise ratio of ~15. It should be
noted, havever, that the detector had a figure of meritf = 2.2 x
10"V[cm?Hz]/W. From this @lue, we can calculate the noise eglént

mirror
laser box

Ge lens (f/0.8) I

i —350m HgCdTe room- power (NEP) usind®” = V[Af - A)/NEP With A = 0.625x 1072 cn? being
red laser diode - temperature detector the detector area afxf = 1GHz the bandwidth of the detector system,
we obtain an NEP (amplitudeple of 0.1ImW. The signal-to-noise

ratio is therefore entirely limited by the deteit$i of the detector

In a second xperiment, the result of which is shio in the inset in
Fig. 2, we measured the transmittaegtege pwer as a function of the
pulse repetition rate. It is clear from the Figure that tiveepdas a res-

Fig. 1 Photograph showing building witleceiving electinics and system-
atic representation of optical data link using QC laser

Experimental setupOn the emitter side, we used anf long 9.31m onance at 3261Hz, and then drops quickly to quite smadlwesA sim-
multimode QC laser mounted in a Peki@oled, temperature-stabilised ple calculation shes that 32%1Hz corresponds roughly to the
aluminum box (Alpes Lasers SA) and an f/0.8 Ge lensr@5n diam- electrical resonance frequgnof the laserThe parasitic capacitance

eter to collimate the laser beafihe deice was maintained at a temper  defined by the lgie contact pad area 30.5mm) is ~15(F; together
ature of —15C, operated at a dutyde of almost 50%, and pulsed at Wwith the resistance of theWeimpedance line supplying the current to
different repetition frequencies. Using a biastfie laser ws drven the laser (~Q), we obtain an RC time constant of g80The maxi-
simultaneously at a constant current & @vhich corresponds to 0.2 mum modulation frequencis thus ~25MHz, in fair agreement with
l) and a 1@ radio frequeng signal of up to 35MHz. On the receier the perimental alue.



In a different experimental configuration, we used the QC laser to Acknowledgment§he authors wuld like to thankT. Aellen,Y. Bonetti,
optically transmit data between two computers. This data link was set upM. RochatA. Muller and D. Kérner for technical assistance,. Béur
over a distance of 10 m between two optical tables and put togethequin for setting up the mechanical part of the telescope holder and D.
entirely within one laboratory building. On the emitter side, we used the Varidel for the design of the electronic cicuitBurthermore the Insti-
serial port of a first PC and an RS232/TTL signal converter to produce dute of Statistics of the Uwérsity of Neuchatel is gratefully acknb

TTL modulation signal at 11kbit/s. This signal vas used to electrically
gate the continuous stream of laser pul8éshe recever side, the sig-

edged for making\ailable their lecture roonT.he work was financially
supported by the European Project SUPERSMILE and by the Swiss

nal was lavpass filtered, amplified and brought into rectangular shape National Science dundation.

again with a comparatdiVe then used a timer logic circuit triggered by
the positve slopes of the single laser pulses égert to the initial gate
signal, and the final TL/RS232 comerter made the signal compatible
with the serial port of a second computésing this technique, we were
able to communicate optically between the womputers at the stand-
ard transmission speed of @ffit/s, and also at the highest possible
speed of 11&bit/s. When the laser peer was decreased, the link still
worked successfully den to a measured signal-to-noise ratio of 3.

Conclusions:We have demonstrated a free-space optical data link
between tw huildings separated by 3850 using a Peltiecooled QC
laser and a room-temperature HgE€diktectarThe shortest transmitted
pulses measured InS in duration and the highest transmitted modula-
tion frequeng was 33(MHz. A moderate signal loss of €fB was seen
for this distance. Under foggy conditions with a visibility range of
belov 100m, the signal dropped to ~80% of its initisdlwe, which
proves that atmospheric transmission atavelength of 9.3im is not
adwersely afected by humidityUsing a similar setup, optical data trans-
mission between tavcomputers at a distance ofrhCand a data rate of
115kbit/s was also achied.
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