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A Polarization-independent Fast Light Switch
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crystal from half wave voltage to zero. Gate pulses with a ris¢ 400ps and a maximum voltage of
MOtlvathn 10V are provided via an impedence-matched line to the switath ¢bzsey to the modulator crystal
to keep parasitic capacitance small. After the modulator esyditscharged, it gets recharged to the
Switching light on a time scale below 1 ns is a core building btoakyophotonic devices. How- half-wave voltage via a 20 kesistor.

ever most optical communication applications are not required ie idcatipolarization independent |
manner, and can tolerate large insertion losses. For implementing dogiec operations using the = — —p====== High Voltage High voltage bias e .

polarization of photons as information carriers, a low loss sawtog ke polarization of the photon 20k ohm
untouched opens a new range of applications: conditional measulremad, combined polarization
state, time bin encoding and quantum computing with optica[@libithe obvious choice of using a s —
simple mechanical mirror for phase shifting is limited by tiiee dfiehe optical element, making this 10V G I?/I%;SBIJET
approach impractical for switching times below one microsecond. oV - [ <
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To address both low loss and fast switching time, we use an AR atkauinon long y-cut LINBO = 1 1 1 Y 4 ' Toutay’ ¥ A
crystal with a cross section of Imm as a phase shifting element, with the control eld applied In B-X 5 |

transverse direction. To overcome long propagation times in comprFosagegmodulators, we split : : 7 |k

the two polarization components of incoming light, and let them masghtthe same modulator, but Switching Performance | Polarizer
In counter-propagating directions. Two Faraday rotators eilbyhalf wave plates, ensure that the Photodetector ‘
two orthogonal initial polarization components are transforragddargame polarization in the modu- N .

lator (see gure below), and transformed back to their orpraization. Despite its relatively large
geometrical size determined by the Faraday rotators, this topoésgyot restrict the modulation

frequency or the optical bandwidth. With the MOSFET (BSS131) co-located to the crystal, we acheved12 ns switching time (10% TeSt of optical setup around the modulator crystal by drivingatielator crystal with a ramp voltage.
to 90% transition), detected with a high speed photodiode. Aotiéday nanoseconds between the

The performance of the optical switch was veri ed both with an-ld¢éon laser at 633 nm, and a
diode laser at 690 nm to emulate the wider band single photon s@Z & @t

S switching and the detection is due to the path length and tlee cab
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Wavefront S The repetition rate of our device is limited by the time constaRC for recharging the crystal. We A Modulator Voltage
Compensation ! maintain the full change of a half wave voltage across the sweitchraftharge and currently achieve |

| a repetition rate Of 1OOkHZI ................................................................................................................

Birefringence + NN
Compensation,

Polarization state $
preparation 4

éVoItage aécross cryétal

___________________________________ GateVoItag

>

----------------------------------------------------------------------------- ARRRRY USRNSSR SRS Y W SN 1, W S A\ ext Ste S
Photodetector ¥ Mach-Zehnder Interferometer i':f —

[

The polarization-independent phase shifter is combined with&&hader interferometer to form This setup will be a useful tool for photonic quantum communicgiemeents, e.g. for carrying
the nal switch. In order to compensate the di erent e ects onfreeNecurvature and optical path Time (5ns / div) out conditional measurements on entangled multi-photon states.whheodwerted light generated
length In this free space set-up, we extended the length of teace=fgath in this interferometer from a spontaneous parametric down conversion (SPDC) prodesdhailhext source to test the

to arrive roughly at a zero optical pathlength di erence forhaiae light sources, and inserted a ) performance of this device. In this application, one would tkedbone of the members of the
divergent lens pair to match the wavefronts. E XD enmental Setup pair between several alternative measurements withouh@ gstipolarization state. Conditional
e — measurements can help increase the e ciency of the quantumiagmput
Drive Circuitry The visibility or on/o contrast of the switch for arbitrary pp#ions was 96% for HeNe laser light,
and 92% for the 690 nm laser diode. The limitation of the visilgig $& be wavefront mismatch in
the Mach-Zehnder interferometer, and a non-zero optical mthdearence. An imperfect polar- Re€ferences

The half wave voltage of the modulator crystal is around 100V wdushabe switched in less than ization compensation of the beam splitting element and theeretitons in the interferometer a ects
2ns. The main component of the switching circuit is a MOSFET vsoludrge the voltage across the the visibility of both lasers. [1] Prevedeét al. Nature 445, 65 (2007)




