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ABSTRACT

We present results indicatimp anfibunchimg of two CdSe quantum dot smgele photon sources that fluoresce at
S00nm and 705nm. We obtamned antibunching histograms i TimeHarp using the Hanbury Brown and Twiss
setup for photon anhibunchmg. To de this, we prepared QD) samples with concentrations of 10 nanobol, 1
nanchdol, and 100 picoMol and placed the QD samples i a chelesteric liquid crystal host, which we exposed
to 632.8nm HeNe laser hight m a raster scannimg confoeal microscope setup. Observahions of the quantum dot
flucrescence were made with Avalanche Photo-Dhedes through LabVIEW, and an EM-CDD camera through
Andor-Sohs.
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1 INTRODUCTION AND BACKGROUND

1.1 Single Photon Sources

Cuantum nformation, commumication, and security are growimng fields of research whose practical
miplementation m computation, comnmumcation, banking, and security requre the usze of smgle photon
sources to provide provably secure keys [1]. Smgle-emitters are a completely quantum predichion, as they
are equivalent to a zero-valued second order correlation function at t=0, g"*'(0) = 0. This is not possible for
a classical hight source like a lazser. Hence even a greatly aitenuated lazer beam iz not a source of
anhibunched Light There are currently several options to create room temperature zingle photon sources.
Theze mclude single molecules, di-molecules, semiconducting colloidal quantum dots (e g. n nanoecrystals),
and celer centers in nanodiamonds. In this lab, we used colloidal quantum dots.

To achieve a single photon source, we can dizinbute a certain concentration of QD sclobion with a host
bandgap matenal such as cholestenic ligmd crystals. By focusing a laser beam on the zample, if smgle-
emutter are 1zolated m the CLC-host, we can achieve single excitations of the electrons m an emitfer and the
relaxation of that Cd3e emitter will give off fluorescent smgle-photon light A schematic of this process 13
shown in Figure 1.
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Fiz. 1 CdSe QD energy level diagram of excitation and flucrescent emission



1.2 Photon Antibunching

Figure ! shows a schematic of the Hanbury Brown and Twass photon antibunching setup; they were the first

researchers to observe correlations between pairs of photons m 19536 [2]. The ﬁrst en:penment that
demonsirated the exizstence of photon antibunching was conducted by Kimble, Dagenaiz, and Mandel m 1977

[3]. Thiz was evidence of the quantization of the ele-t:immamehc field. In confrast, the classical EM field 15
simply one that behaves according to Mamwell’s equations. For classical fields, the cormrelations betwesn the

intensities of the transmitted Jr and reflected J beams at a beam splitter are given by the degree of zecond-
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between the intensity measurements. We have a stabonary light source 20 we can interpret the averages as
ensemble averages and not time averages. Thus, for our 50/50 beam splitter we can assume the form:

order (temporal) coherence, ot g r(T) = which is a function of the delay time 1
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for our the second order coherence zt zero time delay. But the Cauchy-Swartz mequality allows one to show
that the above implies: 2°(0) = 1, classically. The quantum mechanical equivalent form of the preceding
shows that for a single-emizsion of a photon, we should have g™(0) = 0, but anything that violates the
clas=zical mequality above 13 considered a quantum effect kmown as antibunching. The antibunching
derrvation follows:

g“ra(0) = g"r1(0) = = g"(0).
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which, for a single incident photon, n, =1=> 2*(0) =0

g%rx(0) = g"rr(0) = g(0)

where the above come: from assuming the EM field 1= quantized and the rewriting the creaton and
anmhlation operators so that the number operator of the mcident field determines the zecond order

correlation. Thus, we see that for a single incident photon, we expect a minimum &t g'(t =0). The 1977
experiment from [6] achieved g~{(0)=04.
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Fiz_ 2: Hanbury Brown and Twiss setup for photon antibunching

1.3 Cholesteric Liguid Crystal, used as a 1I) Photonic Bandgap Material

Chelestenc hquid erystals (CLCs) have rod-like molecules having a short chiral tail that, for circularly
pelarized light with counter-handedness to the rotation of the CLC, mduces a globally periodic and helical
structure m the CLC which makes the CLC behave like a 1D photonic bandgap matenal after it 1s grven a
unilmear planar-aligned shearing force. The pitch, Py, 15 the distance over which a 360° rotation m the CLC
structure 15 made, which i1z displayed m Fig. 3A
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Fiz. 3A Schematic CLC peniedic strocture, and transmizsion/reflection withm CLC wavelenpth bandgap

Cholesteric liquid erystals are perfect reflectors under the Bragg condition within A4 =2, Anfn__ ina
wavelength band centered on A, = Fim.EP . where nn; 1z the average of the crdmary and extraordmary
refractive mdices of the CLC.

Thus, if emuthng wavelengths are withm the CLC bandgap there 15 suppreszed emussion. But at the band-
edge, enuszion 13 enhanced. This i1z analogous to a laser cavity, smce at the bottom of the stop-band the
periodic structure acts hike completely reflechng mirrors. At the band-edge, however, it acts hike partially
transmittmg murers. Figure 3B, taken from the lab manual, shows the plot of a CLC speciral transmittance
with a bandgap; one also sees the flucrescence spectrum of CdSe quantum dot (37%m peak wavelength) n
the CLC-host, which has a maximum at the bang-edge.
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Figure 3 B. Salective reflection curves of several cholesteric liquid
crystal layers (blue curves). Red curve shows fluorescence spectrum of

CdSe guantum dots,

2 EXPERIMENTAL SETUP AND PROCEDURE

1.1 Experiment Setup

Fig. 4 shows our experimental sefup. Both a red 632 8nm Helum-Neon (HelNe) laser with 5 mW average
power, and a diode-pumped schd-state 332nm lazer with § ps pulse duration and 76 MHz pulse repetition
rate zt 40 mW average power were used. We took lustographic data for demonstration of fluorescence
antibunching from our CdSe quantum deots using the HeNe lazer, and tock data for the Cd3e (Ds
flucrescence hifetimes using the pulzse laser.



