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hingAbstra
t The 
ontrolled generation of single photons is mandatory for appli-
ations in quantum 
ommuni
ation, in parti
ular for se
ure quantum
ryptography, and also for a number of fundamental problems in quan-tum opti
s. Here, we present a stable all solid-state sour
e for singlephotons utilizing the 
uores
en
e light from a single nitrogen{va
an
y
enter (N{V 
enter) in diamond.1. INTRODUCTIONThe generation of non-
lassi
al light and parti
ularly of single photonstates is one of the key experimental 
hallenges in quantum 
ommuni
a-tion and 
omputation. The ideal single photon sour
e emits light su
hthat only one of two dete
tors behind a semitransparent beam splitterregisters an event. A spe
ially suited pro
ess for that is 
uores
en
e ofa single two-level quantum system.Su
h two-level systems 
an be found with good approximation inatoms or ions and organi
 mole
ules. Experiments with single trappedatoms and ions [1℄ or with single quantum dots [2℄ require signi�
antte
hni
al e�ort. Single organi
 dye mole
ules as the 
uores
ent emit-ter in solvents or polymers [3℄ degrade rapidly at room temperature {typi
ally after about 109 emissions.Here, we present an alternative 
andidate for generating single pho-tons at room temperature. Single nitrogen{va
an
y (N{V) 
enters indiamond 
ombine the robustness against photo blea
hing of single atomswith the simpli
ity of experiments with dye mole
ules.
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22. NITROGEN{VACANCY (N{V) CENTERSN{V 
enters are one of many well studied lumines
ent defe
ts in di-amond [4℄. They are formed by a substitutional nitrogen atom witha va
an
y trapped at an adja
ent latti
e position. We addressed sin-gle N{V 
enters in an untreated syntheti
 type Ib diamond sample(500� 500� 200 �m) in a 
onfo
al mi
ros
ope setup shown in �gure 1a.The light of a diode pumped solid state (DPSS) laser with a wave-length of � = 532 nm was fo
used into the diamond with relay opti
s anda standard mi
ros
ope obje
tive (M=60, NA=0.85). The 
uores
en
elight 
oming from the illuminated N{V 
enter was 
olle
ted by the samemi
ros
ope obje
tive and fo
used into a single mode �ber. This de�nesthe spatial mode for 
onfo
al dete
tion and leads to a longitudinal reso-lution of 1.6 �m and a verti
al resolution of 430 nm. The 
ombination ofa di
hroi
 mirror and a 
olor glass �lter suppressed residual pump lightfor the 
uores
en
e dete
tion setup.To position the fo
al spot within the diamond, a piezoele
tri
 s
an-ning unit (transverse position) and a motorized linear translation stage(longitudinal position) were used. The 
uores
en
e light from the singleN{V 
enter was analyzed either by a Hanbury-Brown{Twiss 
on�gu-ration or a grating spe
trometer. We �nally dete
ted the 
uores
en
elight with passively quen
hed sili
on avalan
he photodiodes (APD) witha dark 
ount rate of � 250 
ounts per se
ond [5℄.N{V 
enters are identi�ed by spe
tral analysis (�gure 2a) of their zerophonon line at 637 nm. Additional phonon 
ontributions result in the
hara
teristi
 spe
tral shape with an overall width of about 120 nm [4℄.The observed 
uores
en
e light shows a 
lear saturation behaviour with asaturation intensity of Isat = 3:6�109 Wm�2 (Psat = 1:3 mW)(�gure2b).
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x (µm)Figure 1 (a) Experimental setup: A frequen
y doubled DPSS laser (532 nm) isfo
used into a type Ib diamond 
rystal. Fluores
en
e light is 
olle
ted with a 
onfo
almi
ros
ope into a single mode opti
al �ber, and dete
ted with sili
on APDs. Theinset shows the 
uores
en
e image of a single N{V 
enter. (b) Distribution of N{V
enters resulting in a density of 5� 109 
m�3.
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Figure 2 (a) Fluores
en
e spe
trum of a single N{V 
enter (bla
k) and referen
espe
trum in type Ib diamond (gray). Besides the zero phonon line (ZPL) at � =637 nm and the vibrationally broadened spe
trum of the N{V 
enter, we �nd single-(R1) and two-phonon Raman s
attering (R2) from bulk diamond. (b) Fluores
en
eas a fun
tion of the ex
itation power from a single N{V 
enter (bla
k) and frombulk diamond (grey). (
) Measured pair 
orrelation fun
tion g(2)m (� ) for ex
itationpowers of 30 Psat, (d) 1.6 Psat and (e) 0.16 Psat: The 
uores
en
e light is dete
ted bytwo photodiodes D1, D2 behind a beam splitter BS and two �lters RF, SF. A 
learsignature of photon antibun
hing is seen in g(2)m (� ) around � = 0.We analyzed the photon statisti
s of the 
uores
en
e light of our singlephoton sour
e in a Hanbury{Brown{Twiss 
on�guration. Figures 2
-eexemplarily show g(2)m (�) for di�erent ex
itation powers. Most promi-nently, the minimum at zero delay 
learly proves the single photon 
har-a
ter of the emitted 
uores
en
e [5℄.3. OTHER DEFECTSOne of the few drawba
ks using N{V 
enters as single photon sour
esis the broad spe
tral emission. To in
rease the spe
tral yield in narrowwavelength bands, mi
ro
avities have been 
onsidered [6℄.Alternatively, the narrow emission spe
trum of other lumines
en
e
enters 
ould be used. Parti
ularly, we observed defe
ts emitting at695 nm (�gure 3a) and at 800 nm (�gure 3b). These systems exhibitsaturation behaviour but seem to su�er from photo blea
hing after afew hours. Up to now, we 
ould not observe antibun
hing from these
enters.



4
550 600 650 700 750 800

500

750

1000

1250

1500

1750

2000

600 650 700 750 800

520

540

560

580
flu

or
es

ce
nc

e 
co

un
ts

(s
   

 )
-1

(nm)λ (nm)λ

flu
or

es
ce

nc
e 

co
un

ts
(s

   
 )

-1(a) (b)

R1
R2

R2

Figure 3 (a) Spe
tra of other 
olor 
enters emitting light at 695 nm and (b) 800 nmwith Raman ba
kground (R1, R2).4. SUMMARYWe have shown that 
uores
en
e of N{V 
enters in syntheti
 Ib dia-mond shows photon antibun
hing. The emission spe
trum lies in the
onveniently dete
table red to near infrared region, de
ay times areshort, and the radiative quantum eÆ
ien
y is 
lose to one. The robust-ness against photo blea
hing and the simpli
ity of the all-solid state setupdistinguishes N{V 
enters from other 
uores
ing quantum systems. Thepotential for miniaturizing the setup and the superior stability makes N{V 
enters very attra
tive as pra
ti
al single photon sour
es for quantum
ommuni
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