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Communication technology demands mor e speed: replacement
of electronswith photons as carriers of infor mations.

PHOTONICS

Silicon isthe basic material for microelectronics

| ndir ect-gap semiconductor

L ow efficiency (1 photon emitted every 107 electron holes created)

- Increase the efficiency

- low cost
- easy integrable

POROUS SILICON

-emitsin thevisible
- 10% external quantum efficiency

first aim: produce solid state device
LED
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problems associated despite the high efficiency:

- poor stability when exposed in air
- long switching times
- wide emission band

How to avoid these problems:

Controlling the PS spontaneous emission (SE) propertiesvia a
variation of the photon field in an optical cavity

SE of a material controlled by medium in wich it is placed.

Re(hw) = (%)é y Hi f\zc;(hw) Pi(1- Pr)d(Ei - hw)

| |

a ssimpleway isto place the active medium between
two high reflectivity mirrors

Ex: usetwo Fabry-Per ot filter in order to embed the
optically active material
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so we obtain a planar microcavity with a single allowed
photon mode which correspondsto the FP resonancel

P Re(hw)  modified
Increased for I »I C
inhibited for | 1 | ¢
In order to make PS planar microcavities, dielectric multilayers

based on PS are needed

It isnecessary to control the thickness and refractive index of a
PS layer in a controlled manner.

The REFRACTIVE INDEX of PSisdetermined by its
porosity, which depends on the current density of the

electr o-chemical etching oncethe other etching parametersare
fixed.

The LAYER WIDTH isdetermined by the etching time.
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HOW TO PRODUCE PS

counter electrode
platinum wire

ethanoic HF
solution .
\ costant current
source
Teflon tank ot &
- .M
and working )
electrode metal
back-cantact
porous Si
forms here

Fig, 4, — Schematic drawing of the eleetrochemical cell wged Tor Cthe preparation of the poross
gilieom.

« Sl wafer must be anodically biased (forward biasing
for p-typedoped S, reversefor n-type)
*in case of n-type light must be supplied
scurrent densitiesbelow a critical value must be used

HOLES regulatethe mechanism of formation of PS
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Fige 1, - Bilkcon dissolution mechanism prog posed by Lenmann and Goaele in vef, [54]
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ID PSformationisa SELF-REGULATED

mechanism, with hole depletion asthelimiting
agent

e unidirectional (followsthe
f current flow)

pore deplation
layer

SILICON

estarts at defects on the surface
(Si-O)

depletion area

CRITICAL PARAM. FOR PSFORMATION
* substrate doping

scurrent density (deter mines depletion width and carr. Inj.)
*HF (deter mines current upper limity)
setching times (chemical + electroch. Dissolution)
sillumination (n-type)

esolvent in wich HF isdiluted
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STRUCTURE AND MORPHOLOGY OF PS
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M ODEL: layer made of voids and nanocrystals
inter connected by an amor phous matrix.

aging -> H sustituted with O

nm

E amorphous material

. crystalline silicon
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PHOTOLUMINESCENCE
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eir (0.8€eV) blue shift
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Canham: QUANTUM MODEL of ps

disordered array of quantum wiresor dotswherethe
excitons ar e confined. It follows that excitonic transition
ener gy becomes greater with the decreasing of size
(particlein a box model)

thisis supported from the measurements done (n vs.
energy).

Width of the band explained by size distribution.

From absor ption measur ements -> exp edge resulting
from the overlap of different edges.
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RECOMBINATION DYNAMICS

T=300K

IpL(T) = 1 oexp(- ti)b

% Thedecay Is
= NON EXPONENTIAL
500 1000 _
(disordered system)
. T=42K result from a diffusive motion of
T the excited carriers
e f:'f:"”*a:rj.

0 2000 4000 6000 8000 10000
TIME (psec)

TRLPL o
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How we explain TRL PL

excitons befor e recombination move through the
nanocrystals skeleton

RECOMBINATION

eONn-site recombination
e exciton diff.

Exciton diffusion controlled by:
*hopping time from one crystal to the other
sconfining energy of the crystal
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DIELECTRIC MULTILAYERS

Multiple interferences

reflec!ed _Iight= reflected light=
combination of two beams combination of five beams

incident g\ht// incident light
air //// :
arr

V/ // low index
*{//// Dt idems multilayer
low index

V high index
\ substrate

transmitted fight transmitted light

thin film

substrate

Choosing appropriateindex of refraction and thickness we
obtain constructive and destructive interference at the
desidered

T I 1 Thin dab
T—10 > D
LR i pan2”
2
_ 4R _
F—m Finesse

(measur e of the shar pness of the fringes)
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Airy function

DIELECTRIC BRAGG REFLECTORS

Mathematical treatment via transfer matrix approach, if
we have mor e than one layer.

2N N fixed: R, n,/n
e(n /h ) 1U ny/n_ fixed: Rkl

E(n /nL)ZN +1U

*nH high refractive index layer
nL low refractive index layer
sthickness| /4

Named: DIELECTRIC BRAGG MIRROR
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Reflectance [Abs. units]
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Conclusions:;

sincreasing N, R increases

sincreasing N, the stop band enlarges
sincreasing N, the stop band sharpens
sincreasing nH/nL the stopband enlarges and
shar pens

sincreasing nH/nL thereflectance values
INCrease everyw.
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FABRY PEROT INTERFERENCE FILTERS

Using two parallel mirrorsseparated by a spacer it’'s
possibleto construct a particular class of interferometer,

Fabry-Perot interferencefilters

*Narrow pass-band
*based on multiplereflections of two mirrors

Particular class of FP filtersbased on dielectric multilayers

|dea: usetwo DBR separ eted by a spacer formed by
the same material but with a different ref. Index and it
should bel or | /2 thick.

Air

A . e e e e ma el
R B R

e

[ 1 Refractive index n, =) Porosity 1

Refractive index n; = Porosity 2
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MICROCAVITIES

Spontaneous emission rate given by the product of the
electronic matrix element and the photon mode density

Rsp(hw) = (%)é y \Hi,f\ze(hw)Pi(l- Pr)d (Ei - hw)

ELECTROMN QUANTUM BOXES OPTICAL MICROCAVITIES
glectron
(3757 A i v
Ph‘mﬂ (=200 A)
r’ ,."" /.r T —1— photon box
phaton = JT=<
modes I 30 or2Dor 1D
density +  -200 A photons

E ELE denaity
14 =211 Sy

[E.,_. of states

@:@E&ﬂ

0D
foi E'i

’“\f\\l\hu Qﬁmm

of states |

Light confinement in optical cavity
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| magine two FPR with an active media between
them.

Multiple in-phase reflections which occur on the
mirrors.

allowed photon states: transmission permitted
forbidden photon states: all light reflected

NB all thisfor light propagating per pendicular to the
mirrors

critical

i A
il Fabry-Perat
enhanced mode
/:'aky mode

DBR = =
emission, e
Active layer | TESION i . #  guided mode

DBR

b= spontaneous emission in the desired mode
spontaneous emission in all modes
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DIELECTRICPSMULTILAYERS

Porosity dependence of therefractive index of PS

M axwell-Gar nett approximation (spherical particles):

e - v _ . e- e
Bt + 26wm e+ 2ev

eV  embedding environment f volumetricfraction

Qef  effectiveindex of ref.

e for silicon

2
if negligible absor ption Neff = > Eff

b f
Deter minerefractive index
Based on measurements of interference fringes

leggl 16

T4l 1reig
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DIELECTRIC BRAGG REFLECTORS
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FABRY-PEROT FILTERS (RANDOM)
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ALL POROUSSILICON
MICROCAVITIES

With a FP we can realize an all-PS microcavity

Top and bottom DBR act as photon CONFINERS.
Thecentral layer act as OPTICALLY ACTIVE MED.

In the central layer coupling between excitonic
transitions and photon modes

"ﬂ“‘ =
E n,le\.
& o | RN leacky waveguide mode
O “ By X0
] i '
= ]'_ I', ' |
Q i 3
% [ l ST
E i o
= [ &
iz | ‘
B A
5 L& T N TN
T T T I T I T e L 'I —
600 700 800 900 Ié{]{} 1100
Wavelength (nm)

PL spectra of a PSM with resonance at | , (solid line) | -thick
PSreference layer (dotted line) and of a DBR .
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schoosing appropriate widht of the active layer and DBR we
can tunethewl of the PSM taking advantage of the broad
emission band of PS

Bragg Resonant Mode

DBR
Act. |

DBRﬁ

High angular concentration of output emission
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Time decays of the luminescence in PSM
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CONCLUSIONS

scoupling between photon and exciton mode is weak
eemission takes placein all the central layer
eemission of PSwider than the stop band of DBR
eemission of PS central layer and DBR overlaps

Thereisno true photon confinement

Finite reflection angle
*photon mode penetrates into DBR

Theoretical treatment of the coupling of the
electronic resonance with the optical mode
shows that dielectric microcavities differ from
iIdeal or metallic microcavities.

Doesn’t modify the spontaneours emission rate
but redistributein space.
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