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Photonics	  :	  why	  bother	  ?	  

“	  Photonics	  “	  

Field	  of	  Science	  and	  Engineering	  that	  occupies	  itself	  with	  the	  
genera2on,	  detec2on	  and	  manipula2on	  of	  light	  (photons)	  for	  
applicaHons	  in	  imaging,	  lighHng,	  detecHon,	  energy	  conversion,	  	  …	  

	  

	   But	  also	  telecommunicaDon	  and	  (bio-‐)sensing	  !	  	  
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Intermezzo:	  What	  is	  light	  ?	  	  

Beire, light 
is a wave !  No Jimmy, 

light is a 
particle !  

Both	  are	  correct	  !	  The	  ‘wave-‐parDcle’	  duality	  

James	  Clerk	  Maxwell	  
Albert	  Einstein	  
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Intermezzo:	  What	  is	  light	  ?	  

Light	  is	  an	  electromagneDc	  wave,	  	  periodic	  in	  space	  and	  Dme	  
	  

CharacterisHc:	  	  
Wavelength	  λ	  
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Intermezzo:	  What	  is	  light	  ?	  	  

	   But	  it’s	  also	  a	  parHcle	  ?!	  

Light	  is	  stream	  of	  parHcles	  called	  ‘photons’	  (hence:	  Photonics)	  
	  

CharacterisHc:	  	  
Energy	  E	  
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Wave	  -‐	  parDcle	  duality	  

So,	  who’s	  right	  ?	  	  
De	  Broglie:	  “	  Both	  !”	  	  

	  
Energy	  x	  wavelength	  =	  Constant	  (=	  hc)	  

	  
Important:	  	  

Energy	  (wavelength)	  cannot	  change	  in	  ‘regular’	  media	  
	  

De	  Broglie,	  L.	  
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Intermezzo:	  What	  is	  light	  ?	  

Visible	  light	  is	  only	  small	  
part	  of	  the	  total	  

spectrum	  !	  
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Photonics	  for	  data	  transfer	  and	  telecommunicaDon	  

	   Copper	  is	  reaching	  its	  limits	  in	  terms	  of	  bandwidth	  and	  energy	  
consumpDon	  

	   Use	  light	  instead	  of	  electricity	  to	  carry	  informaHon	  

	   Around	  the	  globe	  &	  within	  data	  centers	  /	  supercomputers	  
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Guided	  Wave	  ?	  

Glass	  fibers	  	   	   	   	   	  	  	  	  	  	  Waveguide	  
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Guided	  Wave	  ?	  

Laser	  
Glass	  Fiber	  
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Guided	  Wave	  ?	  

Laser	  
Glass	  Fiber	  

Light	  guiding	  through	  
“Total	  Internal	  ReflecHon”	  
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Photonics	  …	  for	  telecommunicaDon	  

Fibers	  are	  the	  backbone	  of	  the	  internet	  
100s	  of	  Gigabit/s	  through	  a	  hair-‐thin	  glass	  fiber	  
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Photonics	  …	  for	  telecommunicaDon	  

Bandwidth	  (≈different	  colours)	  much	  higher	  than	  in	  electronics	  

11000110	  
10110110	  
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Photonics	  …	  for	  opDcal	  interconnects	  	  

Servers	  and	  datacenters	  use	  
light	  to	  connect	  racks	  
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Photonics	  …	  for	  sensing	  

Every	  molecule	  (gas	  or	  liquid)	  has	  a	  specific	  
absorpDon	  band	  
	  

Use	  light	  to	  trace	  molecules	  for:	  	  
	  

-‐  Medical	  examinaHon	  
-‐  Analysis	  of	  the	  atmosphere	  /	  Safety	  
-‐  ScienHfic	  analysis	  
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Micro-‐electronics	  shows	  the	  way	  …	  

IntegraDon	  leads	  to:	  
	  
•  Smaller	  device	  footprints	  and	  
lower	  energy	  consumpHon	  

•  Increased	  funcHonality	  
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And	  Photonics	  follows	  !	  	  

Replace	  bulk	  opDcal	  
components	  (fiber	  

switches,	  
spectrometers,	  ..)	  by	  
integrated	  (photonic)	  

circuits	  !	  
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Photonic	  Circuits	  
Based	  on	  silicon,	  the	  CMOS	  standard	  of	  

micro-‐electronics	  
	  

ü  Large	  volume	  fabricaHon	  à	  low	  cost	  
ü  Increased	  funcHonality	  
ü  Dense	  integraHon	  with	  electronics	  
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Photonic	  Circuit:	  Building	  Blocks	  

Generate	  light	   RouDng/Filtering/…	  
Electrical-‐OpDcal	  
Conversion,	  
Wavelength	  
conversion	  

Translate	  opDcal	  
informaDon	  back	  
to	  electrical	  
domain	  
(processor,	  …)	  
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AmplificaDon	  of	  light	  

11001100	   ???????	  

10.000	  km	  of	  
opDcal	  fiber	  

John	  (BE)	   Alice	  (USA)	  
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AmplificaDon	  of	  light	  

11001100	  

John	  (BE)	   Alice	  (USA)	  

???????	  

11001100	  

Amplifier 

10.000	  km	  of	  
opDcal	  fiber	  
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AmplificaDon	  of	  light	  

John	  (BE)	   Alice	  (USA)	  

10.000	  km	  of	  
opDcal	  fiber	  

Light	  Source	  =	  “Laser”	  
	  
ü  Single	  Wavelength	  (i.e.	  1	  user)	  
ü  Coherence	  in	  Hme	  and	  space	  
	  

Premise	  to	  build	  ?	  
	  
A	  material	  with	  net	  

opHcal	  gain	  	  
(	  =	  AmplificaHon)	  
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Wavelength	  Conversion	  

11001100	  
Hello	  !	  

Convertor
/Switch	  

Jo
hn

	  

11
00
11
00
	  

John,	  operaHng	  at	  red	  light,	  wants	  to	  say	  
‘Hello’	  to	  Alice,	  operaHng	  with	  blue	  light.	  We	  
need	  a	  convertor/switch	  to	  change	  John’s	  
informaHon	  on	  his	  red	  channel	  (wavelength)	  to	  
the	  blue,	  the	  channel	  (wavelength)	  of	  Alice	  

He
llo

	  !	  
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Wavelength	  Conversion	  
OpDcal-‐Electrical-‐OpDcal	  

Convertor
/Switch	  

Non	  –	  Linear	  Material	  

All	  -‐	  OpDcal	  

Energy	  consuming	  
and	  	  

not	  cost-‐effecHve	  !	  

Non-‐linear	  
materials	  ?	  
Silicon	  ?	  
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So	  what	  light	  are	  we	  using	  ?	  	  

Visible	  	  

Loss	  	  
(dB/km)	  

Near	  –	  Infrared	  	  

Silicon	  
AbsorpDon	  



PHOTONICS	  RESEARCH	  GROUP	   28	  

To	  recapture	  !	  

	   AmplificaDon	  

ü  Intermediate	  amplificaHon	  of	  light	  in	  long	  haul	  systems	  

ü  Building	  a	  laser	  for	  light	  sources	  in	  short	  and	  long	  range	  
interconnects	  

	   Wavelength	  Conversion	  

ü  Switch	  informaHon	  between	  different	  channels/users	  

Can	  silicon	  help	  us	  here	  ?	  	  
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Silicon	  can’t	  do	  everything	  !	  

-‐	  Indirect	  band	  gap	   	   	  	  	  	  No	  efficient	  light	  emission	  	  
	  

-‐	  Centrosymmetric	  Crystal	  	   	   	  	  No	  efficient	  nonlineariDes	  
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So	  ...	  how	  do	  solve	  this	  ?	  

	   We	  need	  to	  combine	  novel	  materials	  with	  silicon	  for	  
light	  generaHon/amplificaHon	  and	  conversion	  

	   Bonding	  of	  III-‐V	  Dies 	   	  Direct	  Epitaxy 	   	  Hybrid	  Schemes 	   	  	  
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So	  ..	  how	  do	  solve	  this	  ?	  

	   We	  need	  to	  combine	  novel	  materials	  with	  silicon	  for	  
light	  generaHon/amplificaHon	  and	  conversion	  
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So	  ..	  how	  do	  solve	  this	  ?	  

	   We	  need	  to	  combine	  novel	  materials	  with	  silicon	  for	  
light	  generaHon/amplificaHon	  and	  conversion	  

	   Bonding	  of	  III-‐V	  Dies 	   	  Direct	  Epitaxy 	   	  Hybrid	  Schemes 	   	  	  

Combine	  novel	  light	  emimers	  (organics,	  
graphene,	  …	  quantum	  dots!	  )	  
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RaDonale	  	  

Colloidal	  Quantum	  Dots	  	  
for	  	  

Guided	  Wave	  Photonics:	  
from	  	  

OpDcal	  Gain	  to	  Ultrafast	  ModulaDon	  
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Quantum	  Dots	  –	  At	  the	  limits	  of	  nanotechnology	  

	   Nanotechnology	  =	  ManipulaDng	  mafer	  on	  the	  “nanoscale”	  

‘Colloidal	  Quantum	  Dots’	  or	  
‘Nanocrystals’	  

	  
Nanometer	  (2	  –	  20	  nm)	  sized	  
pieces	  of	  (semiconductor)	  
crystal	  in	  a	  colloidal	  soluHon	  

phase	  
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Quantum	  Dots	  –	  At	  the	  limits	  of	  nanotechnology	  

	   Nanotechnology	  =	  ManipulaDng	  mafer	  on	  the	  “nanoscale”	  

=	  
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Colloidal	  Quantum	  Dots:	  From	  the	  Bofom	  Up	  Conduc'on(Band(

Valence(Band(

HOMO(

Molecule(

LUMO(

Quantum(Dot( Bulk(

1Se(

1Sh(

1Pe(

1Ph(
A	  Lego	  sphere	  
made	  of	  1000	  
lego	  cubes	  

A	  quantum	  dot	  
made	  of	  1000	  

atoms	  

=	  
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Nanometer	  colloids	  built	  of	  individual	  atoms	  

	   Nanometer	  sized	  pieces	  
of	  semiconductor	  crystal	  
in	  a	  colloidal	  soluDon	  

phase	  

Inorganic	  
Core	  

(PbS,	  CdSe,	  
CdTe)	  

Organic	  Shell	  
(Oleic	  Acid,	  …)	   0.5	  nm	  

TEM	  
image	  
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Hot	  InjecDon	  Synthesis	  

Example:	  
CdTe	  quantum	  dots	  
(Cadmium	  –	  Telluride)	  

CdO	  

Temperature	  (e.g.	  260°C)	  
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Why	  ‘Quantum’	  ?	  	  

Why	  would	  you	  make	  something	  smaller	  ?	  	  

Link	  between	  size	  of	  the	  tube	  and	  
frequency	  (energy)	  of	  the	  sound	  

waves	  

1st	  Harmonic	  	  
f	  =	  v	  /	  2L	  

High	  energy	  sound	  wave	  
=	  	  

Short	  pipe	  tube,	  guitar	  string,	  …	  
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Why	  ‘Quantum’	  ?	  

Wavelength	  has	  to	  fit	  the	  
dimension	  of	  the	  resonator	  !	  

Remember!	  Par3cles	  can	  behave	  
as	  waves	  

Electrons	  have	  ‘a	  wavelength’	  	  

The	  sound	  waves	  of	  the	  guitar,	  organ,	  …	  are	  standing	  waves	  	  
	  

What	  happens	  if	  we	  squeeze	  an	  
electron	  in	  a	  similar	  small	  volume	  ?	  

	  

Instead	  of	  meters	  (instrument	  sound	  waves),	  now	  
nanometers	  (electron	  charge	  density	  wave)	  
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Why	  ‘Quantum’	  ?	  

A	  small	  (large)	  box	  	  
	  
	  
	  

Short	  (long)	  wavelength	  of	  
the	  standing	  (sound,	  

electron)	  wave	  
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Size	  dependent	  opDcal	  properDes	  

100	  atoms	  

1.000	  atoms	  

10.000	  atoms	  
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Semiconductor	  ?	  

1Se 

1Sh 

Band Gap 

Co
nd

uc
Do

n	  
	  

Ba
nd

	  
Va

le
nc
e	  
	  

Ba
nd

	  

Energy	  
ExcitaDon	  ?	  

	  
Light	  

(absorpHon),	  
electrical,	  …	  

Electron	  

Hole	  
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Semiconductor	  ?	  

1Se 

1Sh 

Band Gap 

Co
nd

uc
Do

n	  
	  

Ba
nd

	  
Va

le
nc
e	  
	  

Ba
nd

	  

Energy	  

Electron	  

Hole	  
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Energy	  levels	  or	  ‘modes’	  

1Se 

1Sh 

1Pe 

1Ph 

Band Gap 

Co
nd

uc
Do

n	  
	  

Ba
nd

	  
Va

le
nc
e	  
	  

Ba
nd
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Size	  tunable	  band	  gap	  !	  

1Se 
1Se 

Bulk 
CB 

Bulk 
VB 

1Se 

…	  

1Sh 

B
an

d 
G

ap
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Colloidal	  Quantum	  Dots	  

	   Nanometer	  sized	  pieces	  of	  
semiconductor	  crystal	  in	  a	  colloidal	  

soluDon	  phase	  

ü  Cheap,	  upscalable	  wet	  synthesis	  

ü  Easy	  deposiHon	  on	  e.g.	  silicon	  

ü  Size	  tunable	  opHcal	  properHes	  
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Quantum	  Dot	  ApplicaDons	  

	   Television	  Screens	  
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Quantum	  Dot	  ApplicaDons	  

	   Television	  Screens	  

	   At	  CES	  2015:	  Samsung	  S-‐UHD	  with	  Qdots	  !	  

	  
“	  …	  a	  TV	  with	  bePer	  color	  
accuracy,	  a	  wider	  color	  
gamut,	  brighter	  overall	  
images	  and	  higher	  dynamic	  
range	  (brighter	  brights	  and	  
darker	  darks)	  “	  



PHOTONICS	  RESEARCH	  GROUP	   50	  

SDmulated	  emission	  and	  OpDcal	  Gain	  

When	  a	  photon	  strikes	  
a	  QD,	  	  

the	  type	  of	  interacHon	  
will	  depend	  on	  	  

	  
The	  state	  of	  the	  QD	  

	  
No	  Charge	  

	  
Single	  Charge	  

	  
Double	  Charge	  
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SDmulated	  emission	  and	  OpDcal	  Gain	  

When	  a	  photon	  strikes	  
a	  QD,	  	  

the	  type	  of	  interacHon	  
will	  depend	  on	  	  

	  
The	  state	  of	  the	  QD	  

	  
No	  Charge	  

	  
Single	  Charge	  

	  
Double	  Charge	  
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SDmulated	  emission	  and	  OpDcal	  Gain	  

When	  a	  photon	  strikes	  
a	  QD,	  	  

the	  type	  of	  interacHon	  
will	  depend	  on	  

	  
The	  state	  of	  the	  QD	  

	  
No	  Charge	  

	  
Single	  Charge	  

	  
Double	  Charge	  
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Empty	  Quantum	  Dot	  

1Se 

1Sh 

1Pe 

Light	  AbsorpDon	  
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Single	  Excited	  Quantum	  Dot	  

1Se 

1Sh 

1Pe 

Light	  AbsorpDon	  

SDmulated	  Emission	  

50	  %	  

50	  %	  
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Double	  Excited	  Quantum	  Dot	  

1Se 

1Sh 

1Pe 
1Se 

1Sh 

1Pe 
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Intraband	  AbsorpDon	  and	  RelaxaDon	  

1Se 

1Sh 

1Pe 
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Intraband	  AbsorpDon	  and	  RelaxaDon	  

1Se 

1Sh 

1Pe 
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Intraband	  AbsorpDon	  and	  RelaxaDon	  

1Se 

1Sh 

1Pe 
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How	  to	  describe	  these	  interacDons	  ?	  

ü  Sample	  Absorbance,	  noted	  as	  A	  	  

ü  Change	  of	  Sample	  Absorbance	  (upon	  photoexcitaHon),	  noted	  as	  ΔA	  

	   A	  >	  0	   A	  =	  0	   A	  <	  0	  
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How	  to	  describe	  these	  interacDons	  ?	  

ü  Sample	  Absorbance,	  noted	  as	  A	  	  

ü  Change	  of	  Sample	  Absorbance	  (upon	  photoexcitaHon),	  noted	  as	  ΔA	  

	   A	  >	  0	   A	  =	  0	   A	  <	  0	  

Mostly	  empty	  QDs	  
Equal	  amount	  of	  
excited	  and	  empty	  

More	  excited	  than	  
empty	  dots	  

AbsorpHon	  
	  	  

SHmulated	  emission	  

AbsorpHon	  
	  

SHmulated	  emission	  

AbsorpHon	  
	  	  

	  SHmulated	  emission	  

>
 >

 

=
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Sample	  absorbance	  of	  unexcited	  crystal	  A0	  

Depends	  on	  the	  energy	  of	  the	  incoming	  light	  (photons)	  !	  	  	  

1Se 

1Sh 

1Pe 

1Ph 

A
bs

or
ba

nc
e 

A 
(-

)

1.41.21.00.8
Energy (eV)

0.95	  eV	  

1.3	  eV	  
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Pump	  –	  Probe	  Spectroscopy	  

Cuvette

1Se 

1Sh 

1Pe 

1Ph 
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PHOTONICS	  RESEARCH	  GROUP	  

ND Filter
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Broadband Probe
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PHOTONICS	  RESEARCH	  GROUP	  Delay stage 

CCD 

WL Crystal 

Chopper 

ND 

Sample 
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Sample	  absorbance	  upon	  photoexcitaDon	  

Effect	  of	  photo-‐excitaHon	  on	  
incident	  probe	  ?	  

Inter-‐band	  bleaching	  (reducHon	  of	  
absorbance)	  due	  to	  state	  filling	  with	  

photogenerated	  carriers	  	  

ΔA	  <	  0	  	  

Intra-‐band	  absorpDon	  (increase	  of	  
absorbance)	  between	  quanHzed	  

states	  within	  same	  band	  

ΔA	  >	  0	  

1Se 

1Sh 

1Pe 

1Ph 
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Sample	  absorbance	  upon	  photoexcitaDon	  

Effect	  of	  photo-‐excitaHon	  on	  
incident	  probe	  ?	  

Inter-‐band	  bleaching	  

	  ReducHon	  of	  absorbance	  due	  to	  
state	  filling	  with	  photogenerated	  

carriers	  	  

ΔA	  <	  0	  	  

With	  1	  excitaDon:	  	  

ΔA/A0	  =	  -‐	  1/2	  

1Se 

1Sh 

1Pe 

1Ph 

N
ot
	  P
os
si
bl
e	  
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Sample	  absorbance	  upon	  photoexcitaDon	  

Effect	  of	  photo-‐excitaHon	  on	  
incident	  probe	  ?	  

Intra-‐band	  absorp3on	  

	  Increase	  of	  absorbance	  due	  to	  
state	  filling	  with	  photogenerated	  

carriers	  	  

ΔA	  >	  0	  	  

1Se 

1Sh 

1Pe 

1Ph 
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Time	  –	  Wavelength	  map	  of	  ΔA	  	  
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Time	  –	  Wavelength	  map	  of	  ΔA	  	  
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Time	  –	  Wavelength	  map	  of	  ΔA	  	  
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Time	  –	  Wavelength	  map	  of	  ΔA	  	  
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All-‐OpDcal	  Wavelength	  Conversion	  
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(c)
2	  phenomena	  !	  	  
	  
§  Interband	  bleach:	  	  

	   	  ΔA	  <	  0	  
	  
§  Intraband	  absorpHon:	  	  

	   	  ΔA	  >	  0	  
	  
At	  1520	  nm:	  	  
	  
First,	  imbalance	  ΔA	  >	  0	  
AUer	  1	  ps,	  balance:	  ΔA	  =	  0	  
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All	  –	  OpDcal	  Wavelength	  Conversion	  

Before	  cooling	  (0	  -‐	  2	  ps):	  
	  
ü  Hot	  Carrier	  Intraband	  AbsorpHon	  	  

ΔA	  >	  0	  
	  
Aser	  cooling	  (>	  2	  ps):	  
	  
ü  Cold	  Carrier	  Intraband	  AbsorpHon	  

ΔA	  >	  0	  
ü  Cold	  Carrier	  Interband	  Bleach	  

ΔA	  <0	  
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Matching	  wavelength:	  ΔA	  =0	  
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All	  –	  OpDcal	  Wavelength	  Conversion	  
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All-‐opDcal	  wavelength	  
conversion	  ?	  

	  
Convert	  pump	  (…	  -‐	  1100	  nm)	  to	  
probe	  (1550	  nm,	  telecom	  
wavelength)	  	  
	  
ü  Picosecond	  dynamic	  (THz	  rate	  !)	  
ü  No	  residual	  absorpDon	  
ü  Linear	  light-‐mamer	  interacHon	  

Moreover:	  	  
At	  low	  energy	  of	  the	  pump	  !	  

On	  average,	  less	  than	  1	  
electron	  per	  QD	  

needed	  !	  	  
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All	  –	  OpDcal	  Wavelength	  Conversion	  
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All	  –	  OpDcal	  Wavelength	  Conversion	  

(c) 

Filled Slot 
Waveguide 

L"
W"

Target"

10"nm"

Impregnated/clad 
Optical Fiber 

Signal"

2.0

1.5

1.0

0.5

0.0

Δ
A

/A
0 

(-)

420-2
Time (ps)

 1500 nm
 1530 nm
 1560 nm

10-1

100

101

102

103

104

105

En
er

gy
 (

fJ
)

10-5  10-3  10-1  101

Device Length (cm)

 Confinement Factor
 0.001
 0.01
 0.1
 1

(a) 

(b) 

At	  1	  Terabit/s,	  
this	  amounts	  to	  
only	  ±	  1	  mW	  of	  
opDcal	  power	  !	  	  
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All	  –	  OpDcal	  Wavelength	  Conversion	  
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OpDcal	  Gain	  in	  Quantum	  Dots	  

A	  <	  0	  

NegaHve	  AbsorpHon	  	  
=	  

	  AmplificaHon	  
	  

I/I0	  =	  10-‐A	  

AbsorpDon	  (A>0)	  or	  AmplifcaDon	  (A<0)	  ?	  
	  
	  

	  Balance	  between	  absorpDon	  and	  
sDmulated	  emission	  !	  	  

SDmulated	  emission	  (A	  <	  0)	  	  can	  
dominate	  over	  AbsorpDon	  ONLY	  if	  

average	  number	  of	  electron-‐hole	  pairs	  
per	  dot	  >	  1	  
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Thresholdless	  OpDcal	  Gain	  using	  HgTe	  QDs	  

1Se 

1Sh 

How	  to	  break	  the	  balance	  ?	  	  

Midgap state 
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Thresholdless	  OpDcal	  Gain	  using	  HgTe	  QDs	  

1Se 

1Sh 

How	  to	  break	  the	  balance	  ?	  
	  

Create	  a	  3-‐level	  system	  !	  
	  

1Se	  –	  Empty	  midgap	  State	  –	  1Sh	  

Midgap state 

No	  absorp2on	  in	  unexcited	  crystal	  
Only	  S2mulated	  emission	  in	  excited	  !	  	  

	  
Gain	  at	  no	  cost	  !	  	  
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Thresholdless	  OpDcal	  Gain	  using	  HgTe	  QDs	  

1Se 

1Sh 

How	  to	  break	  the	  balance	  ?	  
	  

Create	  a	  3-‐level	  system	  !	  
	  

1Se	  –	  Empty	  midgap	  State	  –	  1Sh	  

Midgap state 

No	  absorp2on	  in	  unexcited	  crystal	  
Only	  S2mulated	  emission	  in	  excited	  !	  	  

	  
Gain	  at	  no	  cost	  !	  	  
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Thresholdless	  OpDcal	  Gain	  using	  HgTe	  QDs	  
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Thresholdless	  OpDcal	  Gain	  using	  HgTe	  QDs	  

	   2	  –	  level*	  
Type	  II	  **	  

HgTe	  !	  

A	  <	  0	  for	  less	  than	  1	  
electron-‐hole	  pair	  per	  

QD	  on	  average	  !	  	  
	  

ü  Outperforming	  
regular	  QDs	  by	  2	  

orders	  of	  magnitude	  !	  
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Thresholdless	  OpDcal	  Gain	  using	  HgTe	  QDs	  
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2	  sizes	  of	  HgTe	  	  	  
	  

	  

Amplifica3on	  over	  the	  en3re	  
telecommunica3on	  

window	  !	  

	  
ü  Long	  gain	  life2me	  	  
ü  Low	  thresholds	  
ü  Modal	  gains	  up	  to	  100	  cm-‐1	  

possible	  
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To	  conclude	  …	  

Compact,	  cheap	  and	  low	  power	  	  
opDcal	  amplifiers	  and	  wavelength	  convertors	  

Through	  balancing	  of	  quantum	  dot	  properHes	  
	  

AbsorpDon	  	  
versus	  

	  SDmulated	  emission	  

	  	  Inter-‐Band	  AbsorpDon	  
versus	  

Intra-‐Band	  AbsorpDon	  
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To	  conclude	  …	  

Compact,	  cheap	  and	  low	  power	  	  
opDcal	  amplifiers	  and	  wavelength	  convertors	  

+	  

Using	  a	  combinaHon	  of	  colloidal	  quantum	  dots	  and	  guided	  wave	  photonics	  
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More	  stories	  to	  read	  before	  bedDme	  !	  
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More	  stories	  to	  read	  before	  bedDme	  !	  
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More	  stories	  to	  read	  before	  bedDme	  !	  
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Thresholdless	  OpDcal	  gain	  using	  HgTe	  QDs	  

-4x10-3

-3

-2

-1

0

1

2

α
L 

(-)
5004003002001000

Time (ps)

<N> = 0.006

0.003

0.06

0.12

0.3 SE
 >

 A
BS

 !

Gain	  lifeDme	  on	  the	  order	  of	  
the	  single	  X	  lifeDme	  (30	  ns)	  
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How	  long	  does	  this	  gain	  last	  ?	  
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ProperDes	  of	  Thin	  Films	  
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“	  Can	  we	  translate	  the	  proper2es	  measured	  
in	  solu2on	  to	  thin	  film	  ?	  ”	  

	  
Geiregat	  et	  al.,	  	  ACS	  Nano	  6(7),	  2012	  	  
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ProperDes	  of	  Thin	  Films	  

Isolated	  parDcle	  	  
	  =	  	  

Isolated	  dipole	  
	  

‘Effec2ve	  Medium’	  
(e.g.	  Maxwell-‐GarneP)	  

	  
	  
	  

ParDcle	  in	  close	  packed	  
film	  ?	  
=	  

Subject	  to	  depolarizaHon	  
fields	  of	  neighbours	  (only	  

~	  5	  nm	  away)	  
	  

‘Coupled	  Dipole	  Theory’	  
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InteracDon	  with	  Silicon	  Photonics	  

Omari	  et	  al.	  Opt.	  Expr.	  21(20)	  
Omari	  et	  al.	  JSTQE.	  20(4)	  	  	  
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InteracDon	  with	  Silicon	  Photonics	  
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De	  Geyter	  et	  al.	  ,	  APL	  101(16)	  	  



PHOTONICS	  RESEARCH	  GROUP	   97	  

Matrix	  EncapsulaDon	  
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CombinaDon	  of	  synchrotron	  
enabled	  XRF	  and	  GISAXS	  with	  PL	  
to	  study	  growth	  on	  monolayer	  
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Spectral	  Shiss	  

“	  InteracDon	  of	  hot	  and	  cold	  excitons	  gives	  rise	  to	  Coulomb	  shiss	  of	  the	  
absorpDon	  spectrum	  ”	  	  

	  
InteresHng	  from	  both	  experimental	  (how	  to	  interpret	  TA	  spectra	  with	  

spectral	  shiws)	  and	  fundamental	  point	  of	  view	  (hot/cold	  mulH-‐X	  
interacHons)	  

	  
Geiregat	  et	  al.,	  J.Phys.Chem	  C.	  118	  (38),	  2014	  
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Dynamics	  of	  hot	  excitons	  in	  PbX	  QDs	  
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A	  Phonon	  Scamering	  Bomleneck	  for	  Hot	  Carrier	  
Cooling	  in	  Lead	  Chalcogenide	  Nanocrystals	  
	  
Geiregat	  et	  al.,	  	  ACS	  Nano,	  2015	  (Just	  Accepted)	  
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Dynamics	  of	  hot	  excitons	  in	  PbX	  QDs	  
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