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Individual quantum dots

InAs quantum dots
embedded in GaAs matrix
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* Dot size: 10-20 nm
* Emission: 900-950 nm

* Density gradient

Intensity (arb. units)

LN .

1370 1375 1380  1.385
Energy (eV)

1.365

0.0

40 20 0 20 40
Delay time (ns)

Photon antibunching










Spontaneous emission

ad * £

L,
For a single mode the rms electric-field amplitude is £, = \/ wy

Ee_Ef: Al

DE

vac

Coupling to this mode is characterized by the Rabi frequency Q =

Al

The probability of photon emission per unit time (Einstein A coefficient) is given by

[o= 210 ° pogw) with the mode density ,00(0) ) =W 2V/]T e

The probability to find the system at time t in state e (system prepared in ¢ at t=0) 1is
p y y
Pft)= e

e



Spontaneous emission

ad * f

L,
For a single mode the rms electric-field amplitude is £, = \/ wy

-

e f:Alw

DE

vac

Coupling to this mode is characterized by the Rabi frequency Q =

Al

The probability of photon emission per unit time (Einstein A coefficient) is given by

[o= 210 ° POSL)) with the mode density ,00((0 ) =W 2V/]T e

The probability to find the system at time t in state e (system prepared in ¢ at t=0) 1is
p y y
Pft)= e

e
In an optical cavity (quality factor O = ® /A @ ) the mode density and mode

volume are drastically changed.  Off resonance: inhibition of SE



Spontaneous emission

ad * £

L,
For a single mode the rms electric-field amplitude is £, = \/ wy

-

e f:Alw

DE

vac

Coupling to this mode is characterized by the Rabi frequency Q =

Al

The probability of photon emission per unit time (Einstein A coefficient) is given by

[o= 210 ° POSL)) with the mode density ,00((0 ) =W 2V/]T e

The probability to find the system at time t in state e (system prepared in ¢ at t=0) 1is
p y y
Pft)= e

e

In an optical cavity (quality factor O = ® /A @ ) the mode density and mode

ol

volume are drastically changed. On resonance enhancement: .. Ul
Purcell factor



Microdisc Photonic crystal

Eiched alr holes
L A
Quantum InGaAs
- Dot
-
-
: ® - - -

AlAs Post

Photon
T

GaAs Base

——hctivelager  Microcavicy” =t Toial internal reflection
=+ Bragg reflection

o

Cuartu m dot

e 3 0 o ople,) 4 E()

P 2 2
47-[ U eff p(w cav) E max
wem wcav Emax
= A =i
Micropillar optical spectral emitter
cavity resonance location

[>1000] [0-1]




23 Period Top DBR

Aperture Region



® QDinPillar
O Bare QD

x45

—~~
2
~~
(7]
]
(&)
N
>
=
/)]
c
)
]
L=
4
©
)
al

10" 10° 10‘2 10
Pump Power (y W)

45 times enhancement of single
photon stream emitted by a single QD



Intensity (arb units)

S
—

0.01

o
. ©
L @ N
5 Slow decay
:7 O
oW
e
| ? —€1.7ns
r o
. - €160ps @
-1 0 1 2 3 4 5 6

Time Delay (ns)

Intensity (arb. units)

o
-
——

® system response
O QD on-resonance
A QD off-resonance










20 pm Pillar Diameter

Top
Contact




il
II‘\H‘

|
|

|||

\Il ‘\H |
M

‘ ’ |

}

|

,

|

J

W, }l

{

’.
‘l ,)
|’” |

| I{ h‘

|
‘ /
| | |

Ih/
‘\ | \‘\W\
|

|

|
»1

'
|
|

H
|

W\ Il

|

|

I

|| IIIIH

<




XO

1.308 1.31 1312 1.314 1.316 1.318 1.32
Energy (eV)




N modes

~ mode N .

1.306  1.308 1.31

Energy (eV)

1.312 1314




A neutral QD

)\

1 ; ..,:“
— P9 Slow deca
2 - © ~€830ps o
S IR A due to dark
o) & * state X
— D

\(U/ 01 O \\

> Q \

-g : O Y N

) | ? —®1.7ns

= o Q

B 0.01 - o €160ps e

4 0 1 2 3 4 5 6 7
Time Delay (ns)

CW probe
3.2/21 MHz

fs probe

2.8/19 MHz

Intensity (arb. units)

©
—

A charged QD

® system response
O QD on-resonance
A QD off-resonance

delay time (ns)

fs probe |cw probe

3.6/24 MHz 12/80 MHz




Intensity (arb. units)

—~~
2]
=
c
)
o
—
©
~—"
>
=
2}
c
[}
-
£

1st

1.359 1.360

1.361

Energy (eV)

1.354

1.356

Energy (eV)

1.362

1.363







Erchiod i losle=
: -

.......... — D .,I,

EFMArIrFF N

= 1

2
j Undereut air region T

Vilive v Tic runc &
- el baver Alicracavily b Tzl intermal reflection
= Hragg reflection




Single QD lifetimes

10x inhibition of SE




Mode localized at

Square lattice (S1) semiconductor/air interface

“Random QD positioning”
Poor QD properties at interface




Photonic crystal cavity design II
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Mode volume V ~ 0.68(A/n)? Measured Q ~ 18000
Effective index N~ 2.9 GaAs !

Q-factor (in theory) > 200000



QD density
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Only 1-3 QDs are
within the mode !

QDs are spectrally
distributed over 50-100 nm

Sharp exciton resonance

Chance of ~ 1% for both
spatial and spectral coupling

No pronounced
coupling is expected




Single mode lasing spectra Nondegenerate lasing mode

No QDs — no mode decoration
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