Principle

InGaAs
detector

Diaphragm//

External source
End-Fire

IR vidicon
camera

| olarizer /

Objective 20x_~"

Beam splitter
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PM
SM 1500 fiber

KTH

Tuneable laser
1.48-1.58 um
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External source
End-Fire

Principle
R vidicon Light input or output :
* Optical fiber, single mode
inGas |L [§ — ® Free space
detector |

: == i
Heam splitter - P
S 1500 fiber

Tuneable laser
1.48-1.58 um

Light source :
* Tuneable source, laser
* Broadband source, white light, LED, super-luminescent LED, ...

G
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External source
End-Fire

Principle Light coupling in/out :

* Microscope objective, free space
‘ / : : * Tapered, microlensed fiber

IR vidicon
camera

InGaAs J_

detector T

Diaphragm

Beam splitter

i
Pl / ll

S0 1LA00 Fiber

Tuneable laser
1.48-1.58 um

Tapered / Lensed Fiber
Strippad Fibar 1 =
EI1Z5 micran Slripoed Fiber Radius of Curvaiure
Tag 1 E125 micnan —, -_"
\ Sgat Diameter % Taper Angle
- . "I,Ir = Ty ; Spat Diameier
3 ] 1 <0 -" al

“50F

J Viomking Dislants
WO
Fibser wyilh Acrdale Coalin

Fi Working Distance
' WYL
d )
G250 rmacnon o G400 meonpn

Fibarwith Acrylate Coating

— 250 micran of 400 micran = Strip Length
iy e
Figure 1: Laser Shaped Lensed Fiber (End Detail) Figure 2: Polished Lensed Fiber (End Detail)
DTE0030 OF Oplice resarves the right 1o change any speciicalions withoul pror nobica
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External source
End-Fire

Principle

a) LENS
IR vidicon —» — _
CAlmeT:
i.ll'.I = ) .""-. ____.'..'.'
| jective 20x " i c
= y -

InGaAs J:H \“.
detector T

[ :L|1hh1g|n/ / :

Beam splitter

S0 1LA00 Fiber

Tunﬁal;le laser L

|.48-1.58 um

Polarisation in/out :
® POIH,risation maintaining ﬁ be 'S Figure 6. Polarization control using, a) multiple wave plates and, b) using

multiple coiled fiber.

* Polarisation control NeTserEABRINGEE20
* Polarisation analysis
e Polariser, A/2 and A/4 retarding plates

e Coiled fibers
e Often reduced to a TE/TM control / analysis B
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External source
End-Fire

Sample :

* Access waveguide
- Deep / shallow etched ridge
waveguide

- * Taper access waveguide / PhC

- . waveguide
o * PhC device

Tuneable laser

Principle

IR vidicon
camera

SELFOL

- -‘ﬁ-l.‘i-:" ':::::: '.'_'!‘" -' ‘i‘# "_“" -l"i"."_i-! 'F‘i.-.- :I:I
\\ o S S X \\
P e s e G

. PL=0 14, Romuald Houdré, Summer semester 2009

';55::::i:%*%ﬂiﬁ}ﬁﬁiﬁﬁﬂ'ﬂﬁ:giﬁﬁ / /
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External source
End-Fire

Sample :
* Access waveguide
* Deep / shallow etched ridge

Principle

IR vidicon

CAlmeT:d

waveguide
et * Taper access waveguide / PhC
el S T L) waveguide

S0 1LA00 Fiber £ PhC device

Tuneable laser
1.48-1.58 um

Si me mbrane: |
| | ‘polymer

+ >
i i

i
i
|
|
' - .
: Q0000000000000
|
i
|
|
i

1 Q0000000000000
Q0000000000000

\00000000000000 !
| 00000000000000
100000000000000 |

F-S coupler! strip wg :S-PhCE PhC wg
' ‘coupler !

i

- -— - - - -_— = - - - E S = - -
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External source
End-Fire

Imaging set-up if working in free
space can be convenient

e Si CCD

* |IRVidicon

: * IR InGaAs CCD

Pl "’/H ‘.H

S0 1LA00 Fiber

Principle

detec mr
F§

Diaphragm

R SELFOW

Beam splitter

Tuneable laser
1.48-1.58 um

Detector

* Si

* InGaAs

* + spectrometer

b
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External source
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End-Fire

Transmission spectrum, ideal case

w_ .

i_ W _ _& '

PR RN

|‘I'I‘I‘ .I'I- |

B o E_ W . .8 !

RRNT I 0.28
'# e L 3

woelelalie S e b

J:I'i:l: :.‘l't 1

i . - " _

e et el - < U’+25
A -
RRRE S .
RRER @ R I P
MM ST > 0.24
I SRR Mini-bande interdite
B Ml e S Tl Tl Tl

RN AR

L] . _ . - _

:-:i:q:i t:i:'::' U+22
‘atatetalL el el

NN NN

BRI R 0.2
L P b n. .

0 01 0.2

W3

0.3

K (2n/a)

InP-based W3:WV =
but more commonly :

Waveguide

. I

Transmssion (arb.units)

[ W3 ({L=30a) mn GaAs

Mini stopband ]
L 1 1 | 1 L |
022 023 024 025 026 027
u=a/A

.21 02n

| due to internal
; reflections and
| cavity fringes

D_
2}
=,

o ~10-

=

=

=

e

= 20 -

=

=

O

7

]

‘=

z -

o3

-
04 05 £

waveguide
transmission

band

KTH

—— Process A
—— Process B

waveguide mini
stop-band

0,260

| | ] ]
0,265 0,270 0,275 0,280 0,285

Normalized frequency

CPh

L =80 rows

InP

Transmission (u.a)

O
-

0.22
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End-Fire

Examples, device characterisation

B12

L O K

H/
: ___r-_?%rnugh
zfe=rx4 port

L~18 um
Band edge of WG2

1
S

Transmitted power [dB]

"
S

w1500

1550
Wavelength [nm]
A. Shinya et al., Opt. Exp., |4, 12394, (2006)
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1600

,ﬂlutpui Signal

FPhotonic Grystal

Control pulse [ i wavelength selectivity

's. ( Qb
Signal pulse :

Control Pul
b g QD-Based Large

NL (¢*) Media

—_——

Signal Pulse
Control Pulse

~

3 dB divider (CCDC)

(a)

03 028 0.26 024 al
Li L # Li i
" Straight
i Double Bends
E .I S
w 0f |
= i
n -35k
S
=
-
O

1100

1200 1300 1400
Wavelength (nm)

Y. Sugimoto et al,, . Sel. Area. Comm., 23, | 308, (20058



Measurement of R,T and propagation losses

Cut-back method

- L l"l
* propagation losses o | *
T S

R N =Te **
E B insertion losses in dB [
-~ S
- Ln() =ILn(T)-al
ke 4
7))
] S
- —| =10log..(T)- :
"g (ILB logw(T) - 103
=

- > A, =10l _43

L dBlem — LH(I ) i a m!
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Measurement of R,T and propagation losses

Cut-back method, examples =3 S:=3:
Wavelength (nm) SO| é 5 é E E § E ‘

1520 1500 1480 1460 1440

G | | . | : I
29 um 500 nm
- m-1L 24 +/-24dB/lcm _ -
T Z 1 "
E - = 5 -2 i 100 nm G " 1_@
@ 2 300 um & -3
R 0 E T
E 0 Q4
- £ B[
o . = ;
- o 'E._, | _ —— 1330nm 12.5+/-1 dBlcm
= 700 um 6 E — 1550 nm 3.5+/-2 dBlcm |
i u—:; 35 L L
2 mm ' ‘ 5 .
40 0 0.1 0.2 = - -4
Length (cm) 2 .l "
e 3l lmww
0.295 0.300 0.305 0.310 s | LI
25
Frequency (c/a)
0.0 | 071 . :sz . ufa n.l4 ‘
S.). McNab et al., Opt. Exp., | 1,2927, (2003) éetarios (car) lfpﬂ.
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End-Fire

Transmission spectrum, parasitic reflections

@ |L =80rows

-

e . .

2

R2 InP
E T W3 -
c

©

I—.

021 022 023 024 025 0.26 0.27 0.28
Reduced energy

Due to internal reflections and cavity fringes :
e at the cleaved facets - "cavity | —
*.-.-.-.-.e'.-.-.-.-.-. .-:'-.-.-H.-..-. o
* at the tapers
* inside the PhC structure S
I';t s '. '.* '.: I [ r;.t
i < cavity 5 .. -

Undesirable for the device performance but let's make use of
them for characterisation
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Measurement of R,T and propagation losses

Hakki-Paoli method . L :
Fabry-Perot cavity — ® —
fringes equally spaced in energy RT propagation losses o R,T
) Sttrd ||

, r P AR i . —yplowR

1+ R*™>* —2Re ™ cos( ) 5 ' &‘l‘ ‘ ‘ - d

s : = vy
) e
" \1+Re™) ™ \1-Re™

ijn P Imin
U= | = |
Tmﬁ.‘-'l P]Tlﬂ?i.

e u? = inverse of the fringe contrast Pmax/Pmin
e does not require quantitative measurement

£(1) =1n(1'”) —In(R) - aL i

1+ u

L G
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Measurement of R,T and propagation losses

ﬂﬂ% eaved facet
E)(am PI e 0.30 I H.ifgﬂ 120-240 rows W1
< ‘ :\ E K |
E | i '\-\._.. - _H“"‘"\-.__‘__ EI | 'ﬁ.mpﬂr.ﬁ# :
| g Ce = (3
— - 4 c4 | 5
"-“".".Z‘_: P / * L "
02 04 06 08 1
First hole of the taper kar () (b)
(a)
E i -
.ﬂ-«-ﬁ =
; | &
2 E .
3 a0 50 & 0 20 4000
&  Wavelength (nm) wm (pam)
(c) (d) 300 "E
g | 1 1200 ©
%2 N I S 17 E
5 )
£ EU.# 0 =
2 £ [
LR a02t" 1
g‘ tﬂ .+ 3
a4 0 i
14ba - dasz 1500 %= 1440 1490 1540
Wavelength (nm) Wavelength (nm)
| | S i
20 4'5_ 60 80 lw FIG. 3. 120 rows long W1-PCW with taper access: (a) transmitted power
PC section length (um) spectrum, (b) spectral power on the 1484—1500 nm window, (c) unfiltered

(thin line) and filtered (bold line) transmitted power with a filter suited to
C1 cavity, and (d) taper reflection and propagation losses as a function of

waveleneth.
InP The method has also been used in the case of

several coupled cavities with Fourier filtering
A.Talneau et al., Appl. Phys. Lett., 82,2577, (2003) Exact theoretical model is missing AN
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Measurement of R,T and propagation losses

Hofstetter method

the Hofstetter method generalises the Hakki-Paoli method to the
higher orders of the Fourier transform of the transmission spectrum

10°

@ |L =80rows |
5 | CPh j WMWMWM o 1[}-6 A-:F‘h: 0.23 1 harmonigue W3
= g \J
O . - = ’
w | | Fourier = 10 I
E InP = |
S | w3 E 100 |
- o | MMy
021 022 023 024 025 026 0.27 0.28 10 5 ; A ; 5 =
Reduced energy 2nL_ (cm)
n,L
-+ :

Amplitude decay of the harmonic n

A = attenuation after n single passes C—(j‘

Ar,n - Rn e_nuL R,T propagation losses a R, T

D. Hofstteter et al.,, Opt. Lett., 22, 1381, (1997) and |IEEE |. Quant. Elect., 34, 1914, (1998) (i
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Measurement of R,T and propagation losses

Hofstetter method 10°—p

W3
L . ‘ED'E Aﬂph= 0.23 / harmonigque
% |
R T bbbttt T R oo |
.I:I:I: iiiiiiiii : Il:l-ll: iiiiiiiiiiiiiiiiiiiiii @ 1 D - I
I‘i‘.‘l‘: | ] I‘: -*.':.-'I': ] .‘: ] .‘: oA -n
.......................................... = |
/ / 'I[|- -------------------- '+- / / ﬁ I
ALK K XL K £ -8
%::::1:1:::1:1:1:1:5:::1:5:::1:1:::1:1:1:15 < 10 |
K K | /\N\/V\IN\[
107!
; = 5 : 0 2 5 4L 6 8 10
o, Ly Ocpn, Lepn o Ly | | n. {gm} |
0.1
{IEPh - 90 .2 dBJ'FCIﬂ

2 —epplL ~ag(L, +L,,)
A = RT e “crrcrh o= %R\ Er1 T5r2
1-T =0.01

after division by a reference waveguide

[:I'.Eph o D:r - 84 dEfCI'T‘I

1T=0599

In(A/Acpn) = - In T2 + (0tcpy-0)Lcpy a,=6.2 dB/cm

0 0.001 0.002 0.003 0.004 0.005
L+:F'|-. (cm)
D. Hofstteter et al., Opt. Lett,, 22, | 381, (1997) and |EEE |. Quant. Elect., 34, 914, (1998) AN
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cole doc

Measurement of R,T and propagation losses

Hofstetter method
Internal reflections lead to multiple cavities

Lf) h :Lrl
107 I Lr

B
.ﬂ-ﬁf 10° 182 i
- W ‘s W1 e harmonics | and 4 : L,
2 10 W
- V .
3 w0 * harmonics 2 and 5 : L
= |
a 9
£ 109 e harmonics 3 and 6 : L
|
1071 |
0 1 2 3 4 2

2nL_ (cm) (@



Dispersion curve

Fabry-Perot fringes and k-space sampling

n(h),L
Fabry-Perot fringes equally @ [
spaced in energy !
RT RT
T’ I°
Ipp = 4nl Lep = 14 R =2Rcos(2kL)
14 R*-=2Rcos( )

resonances equally spaced in k Ak = 11/L

Transmission Wavevector k Transmission Wavevector k

ccoc NOTEsSAMPINE I, Aliast ki ¥alues, are. mogs difficult to determine A



Echantillonage

Une maniere plus visuel de deécrire cela consiste
déveloper les images des miroirs, ce qui donne
un objet de période 2L donc une periodicité en

211/2L=11/L

2L

i
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Dispersion curve measurement

TET'K Reduced energy TETM

LA N

- o'es @

260

240

220

—

07 05 0 O. | 05 09
Transmission Reduced wavevector Transmission

-

GaAs, internal light source
D. Labilloy et al., Phys. Rev. B, 59, 1649, (1999) AN
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Dispersion curve measurement

100
0 (a)
L, e
) d 80}
= — 1.0W e
S 0-10f, . -
= 1514 1516 1518 O 60 -
s j= w=1.0W
8 o n 1 L i
= 5 1420 1460 1500
8 40} A (nm)
= £
.
. ©® = 5 = 200 wElow
HE 1st Brillouin

1 | i I
1480 1500 1520 q4ﬁﬂ 1480 1500 1520
Wavelength: A (nm) Wavelength: A (nm)

Zone

Si membrane

M. Notomi et al., Phys. Rev. Lett., 87,253902, (2001) (Rl |
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Dispersion curve measurement

Mach-Zehnder interferometer

0 -

=10 =

=20 =

—-30 =

{ ok Mkt
=40 = ;II‘M

1 -5
-50 =

Transmission (dB)

Figure 3 | Active electrically tunable MZI with lateral electrical contacts to
photonic crystal waveguides. a, Time averaged magnetic field energy

100
100 =

Group index

L
=
|

10 b= 1,599

1,600 1,601

[ 1 I .
1,480 1,500 1,520 1540 1560 1,580 1,600 1,620

Wavelength (nm)

Y.Vlasov et al., Nature, 438, 65, (2005) (il
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Optical cavities, high quality factor

Measurement of the cavity requires coupling to a

probe which affect the Q
—) —)

In Waveguide Coupling Out
Cavity

Losses
¢ Intrinsic Q = Qin, unloaded cavity, coupling only to free
space radiation and material losses, defects
* Coupling Q = Qprobe, additional losses due to the
measurement
* Measured Q = Qmeas, loaded cavity

1 1 1
= +
Qmeas Qinr Qprﬂbe

It

Ecole doctorale photonique, Photonic crystals, PO-014, Romuald Houdré, Summer semester 2009



Optical cavities, high quality factor

d, d,

€

> € >

5

Waveguide

a i

1

Cavity

Port 1 Propagation constant § 2, Port 2
(input) ) % = (through)
5. lig,
1

Intensity (arb. units)

1584 1585 1586 1587 1588 1589
Wavelength (nm)

Y.Akahane et al., Opt. Exp., 13, 1202, (2005)
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Optical cavities, high quality factor

DQGGG O0) GGDG
000000000000« GGG DG
pelele -.-.-:.- 00 -: gIE‘J . é ':1 O
Ii&&& Aﬁ&i = GD
--lfTTﬁl DDG
IIIIIIII‘.IIII i ) DGG
I.I.......'.,mmmmm.NMWMWMW‘ o 0 0 0 0 0 0 0
420 nm (=a)
(a) 5 =
- 5
- <
' J"E{-ﬂ- 1 §
™ Q. = 88,000 g g
= Q, = 100,000 s g
% £ £
£ 5 2
e g e
%‘ 4 Wavelength (nm) "“"Halif:;.'gﬁ om
= = A T w— T AR
£ ~390,000) S|, . Q_ ~240,000
g sle) ] sl ™
1586.2 1586.4 1586.6 % | é
Wavelength (nm) < | 8t
™ 1577225 1550.35 155040

Wavalength (nm) Wavelength (nm)
Y.Akahane et al., Opt. Exp., |3, 1202, (2005) E. Kuramochi et al.,Appl. Phys. Lett., 88,041 | |2, .mm
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Internal source

| B

Goal, a versatile technique that:
* does not require the full fabrication of device with access

waveguides etc...

e allows the light source to be injected where needed
* allows quantitative measurements

y I3z Iy
(a) b) | Cleaved R
eaved % i i Wl T-I:F |
i\ B facet ﬂr |] o
: Waveguide . WithPBG Wikhaurt
_ = 0200 ' = YN 000
', (c) _ 00 '- &= f“
TS = M, ]
Optical | - M f 'ﬂk d
q. | I guided field i ' |l‘ j H‘ FH W, f :
profile < | 'H f >, ol
PL E oL
source 1000 290
AVE

D. Labilloy et al., Phys. Rev. Lett., 79,4147, (1997)
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Transmission coefficient

“04 02 03
u=afl

0,2 0.3
u=afl

Historically, among the first actually quanti
transmission measurements on 2D PhC

“iivm



ILS

Principle: Insert light emitters inside the planar waveguide

* Quantum wells
* "bad” quantum dots (large emission band)

3 couches
émettrices
Excitation

% laser

L;J
// -
Guide [y sé ?-nl [ -Th

de PL Profil de la
PL guidée

D. Labilloy PhD dissertation

L(A a
TL()L) = IZ :)b)) >T(u = I) And make use of lithographic tuning
1\

D !Eabijelg mqueaF,L ., Phy mﬁsﬁ'ﬁHGmUaﬁ 9,4147, (1997) R. Ferrini et al., ]. Quantum Electron., 38, TBﬁm
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ILS

Experimental set-up

8 i N
& -CCD — @XCitation
j - '
—_—  frontal detection
——  |ateral detection
to the Ly —— rear detection
fiber spectro- m fiber b J
, g
u graph -1 cut-off  fiber
o filter coupler
% beam- i A_‘] h
o splitter I 13 0 the
= spectrograph

= beam expander
XYz IR +

0, d, ¢ : :
: i | Microscope 5patla[ ﬁlter
g [ filter v objective He-Ne laser
excitation axis -1
___________________________________________________________________________________ - __!;7./ _
# . ;
d

y ichroic
. , mirror
reﬂe cting

coupler

objective
polarizer
cut-off filter
1 (In,Ga)As
. detector
(In,Ga)As camera fiber |,
coupler

B ELLIN B8 A mde RMAN TN, RIGERAN.s 38, {86,.(2002)

b



ILS

Experimental set-up,
as usual real life is a bit more complex

microscope
optical axis i i
i’ /‘E/ Cleaved Air
— \ ( : j7 facet
\ \ /7{

cleaved E 1

,' secondary | 53

- source 3

1 i
* ;gzg!;g;* k.

(a) b
?— . = |aser excitation

£. Benisty.ft.ahJnQuantum.Electrons, 48,440, £4002) AL



Transmission spectrum

Examples
1
ik I'M - 10 rows
rm | o 300
(7 480
1row 00 @ 9 420 A 460
—-—-—-—-—.—o—.—I e 0.5 | o s
m A A e 7
|a | E
-
TE polarization 340 360
0
InP/(Ga,In)(As,P) QW 015 02 025 03 0.35

A=1.55pm f=30% Energy (reduced units u=a/\)

R EerrinietaledQuantum, Elestron.38. 786.(2002) (A



Transmission spectrum

Examples
TEIM TE 'K
qEEE @ #l:l-:l:{ _}

Triangular lattice of holes in
GaAs based planar waveguide

(C) \ 0 nm ﬂ — 220 nm , . 260mm 300 nm
E IEUU om : 24D nm_
o 0.8}
c
S 0.7} .
= | ! |
0.6 i - |
e . R | i
2 0.5F il |
0 =1 X : .
E 0.4 Ey !
| ®  § [Tvalence 'l
@ 0.3 x |band edge
S 0.27 | |
wy 0.1 photonic gap '1
k n i 3 ol .k i-i_'_,-_-. - i i L
0.1 0.2 0.22 0.24 0.26 0.28 0.3 0.32

U=al A

D. Labilloy et al., Phys. Rev. B, 59, 1649, (1999)
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transmission

109

10°

100

{ﬂ} _l Iﬂ-E, I_‘K T T |-
M=3 EWFW?M
1 decade
o -
N=4 M'// b ]
L (c) Eo _
N=6 \\ F';"F e '\
A
"y ’TW{
(d)
ey ;—*Mp\»ﬁ\l
=g 3
\ 'Fi '
e M | _
N=12-=x;.| M w’.v]
- '| f
1
| ]f'ff‘
N=15~~\, polarization
| B
1

0.18 0.2 D22G24 DEE DEB GEGS
u=al
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Reflectivity spectrum

Make use of the cavity fringes PhC / cleaved facet

l—»y I> I
Cleaved AP
edge .
X g J l i
d R,
=
o
STISEE  P— -t T
With PBG Without 2
=
2
S
= af\ 2
_ oo 0220 0,222 3
h
<
E'E: i a1 s a2 5 o 0 5 & o 5 0 4 4 5
1000 990
Wavelength(nm)
D. Labilloy et al.,, Phys. Rev. Lett., 79,4147, (1997) D. Labilloy PhD dissertation  {PABl
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Diffraction
Measurement of light diffration at the PhC interface

(d) S

I|..--"""---

0.4

u=a/a

0.2 0.4 0.6 0.8

Facteur de remplissage en air

Diffraction cut-off frequencies,
normal incidence

air

X !! ’! échantillon

D. Labilloy PhD dissertation
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Falsceaux

diffractés "‘ﬁi________

e
A B

—

Faisceaw direct

\

(b)

air

Echantillon

iiiiiiiiiiii
------------------------
----------------------

------------------------
------------------------

------------------------

> - TE_ e B .| INSS—
c 0.4 t
Q f
s 1
T oz} :
@ 04
=
o 1 "11_-
-E .21 'K !
O . 0.2 0,3

i = afh




Waveguides, bends and Fabry-Perot cavities
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Limitation

QW or QD absorption in the waveguide
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Out of plane scattering and losses
Phenomenological model

* For data analysis out of plane scattering can be cast into a
phenomenological imaginary dielectric constant £’ in air

¢ Intrinsic losses

separable map € .4@

E {x,y,zl e, =gy, perturbation Ag (xy.z)

£+ €, E_,,. i
£ +);:b 2 e
£, + Egy— i g g

€1+ €, —E 4

H. Benisty et al. Appl. Phys. Lett. 76, 532, (2000).
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Out of plane scattering and losses

Phenomenological model

* Extrinsic losses, strongly correlated with hole shape, depth and
in-plane disorder  *!

Cia
v
Z

Simple Cone

0.1 1
Angle a (%)

R. Ferrini et al., Appl. Phys. Lett. 82, 1009, (2003)

Transmission

u=alh

R. Ferrini et al., |. Opt. Soc.Am. B 20, 469, (2003) R. Ferrini et al., Opt. Lett. 31, 1426, (2008X/ W
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Photoluminescence

Light source inside the PhC structure
* PhC defect
- Point defect, optical cavity

Front photoluminescence emission

ollected light , ... ovcitation Scattering
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Photoluminescence

Mode spectroscopy
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C.J.M.Smith et al., JOSA B, 17,2043, gZOOO)
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Photoluminescence

Mode spectroscopy

Coupled with angular resolution
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Photoluminescence

Time resolved

Life time modification, Purcell effect, emission enhancement and inhibition
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Wen-Hao Chang et al., Phys. Rev. Lett. 96, | 17401, (2006) ({dl
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Photoluminescence
Light source inside the PhC structure

e PhC defect

- Line defect, waveguide
Probing the density of states singularities

edge collection

Lifetime e
measurement 'r':_#__,r

transmission side emission

)

—t
T

—

-

density of states (a.u.)

0.255 0.260 0.265 0.270
Normalized frequency u=a/i.

E.Viasnoff-Schwoob et al., Phys. Rev. Lett., 95, 183901, (2005)
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Photoluminescence

Light source inside the PhC structure
e Bulk 3D PhC

Probing the local density of states singularities, lifetime modification
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Photoluminescence

Light source inside the PhC structure
* Bulk 2D PhC

Probing the local density of states singularities,
lifetime modification
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