
PHYS-434 physics of photonic semicondrator devices

Series 7 - Basic notions on microcavity

Exercise1:Light matter interaction in microcavities

1. Solutions to the system det (H-x2)=0 are such that:

Ex-x te/2 =>(Ex -XEc-x)-(P =0
+1/2 Ec -X

=0 =ExEc +Y-NExtEc-(
I

As a result:EI =(Ex+ Ec) =[lEx+Ec)*-4lExEc-1,I
which leads to:EI =(Ex+Ec=[lEx-Ec+(teljs

2.Ifattached figure on the next page.

E
- photon (in bulk "Lightcome"optical transitions imply

Ec =E energy & momentum conservation

=>radiative recombinations ofexcitons->

excitonatthe only allowed for excitons ofK2Mx
such that ExCK) lies within the

lightcome!

·

h=Excostatin bar can be neglected as excitons exhibit
- a relatively heavy mass

=>Brad a hop
Exco

t Grad
and the energetic range of these radiative states is about 2 Mx
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· Left: dispersion relation (energy as a function ofk) ofthe polaritions

for three cases:is Ec>ER, iis Ec=ER, ii) EcCER.

· Right:photon weight (C) and exciton weight (XRs ofthe lower.

polarition branch as a function ofR.



3. BradwRopExcos, 18 thebad
GaAs case

3.57x1.47x1.602x1819
Krad* ~2,7 x10m-1

9.054x18-34x3x108

Mx =m +mEn =0.567 Mo

7 211.054x1834x2.7x10
&I ~50MeV

2x0.567x9.1x18
-31

GaN case

2.5 x3.00 x1.602x1819
Krad 1,054x184x3x10823.8x104m-1 Mx21.3mo

02 40MeV

4. Reminder (series 62:Ec1R1) =Eclas+
-

2Mph
-

trcpa" - thPzUcar
NearLcar c Lcar

For zero detuning:Eccos =Ex10)
=>ExIRETM0) <EclKi-67/a=E,40)+-

↑

kinetic energy term neglected =>Iam
as Myrelatively heavy

with Mph=bar=TPEC. La=Eccos.=Exco).
Acar (car

I

joznar:Exco
e

=>kc =(E = I



In addition, Rc:Erop.since,swell:nopsinc?= 1. sind,
and ExxEx10)

=>k- sincen=> On:sin" (IR) ... corresponding external angle

5. The time required for a photon to perform a single cavity round-trip is:

tr.t.=
2Hearleft

-Marhart2. IPBR
(2 mirrors)

2

12effare the effective length ofthe Fabry-Perotcavity.)
Mear=MGaAs, fcar=Fcar = noas -> Near Lear -Ex

HiRz nice
near. 2PBR =Nai- = X

&car (na-ni) 4(na-ni)/
v

n,Rz Riz=>trt =22x+
elna-n() => tr.t. =13+ Ra-R,1

I for GaAs/AlAs DBRs, H1=RAIAS, r=UGaAs).

By definition:a = - Ecr* NCtS =No Ecar
- Traafter 1 round-trip:NCtr.t.)=No e

=>Losses over a single cavity round-trip are thus expressedas:
-It

Glosses =NCt=
0) - NCt=trt.)

=

No-Noe [car

-1- exps-Ear
N(t=0) No

=>Mousel = 13+ en.) Ecar
3.57.2.95850x159

=(3+ I X 0.9%3.57- 2953x188x6x1512



Exercise 1:Properties ofmicrocavity emission

The Fabry - Perot cavity photon dispersion is given by:

Ecclns =Eccos +tiks where mph=Ptarcar emission2Mph

So, for a given cavity mode, the dispersion is quadratic in Ry.

GohereNow, i is proportional to sine (0: emission angle):

Hence EcCO) =E,CO) +Wahin
This then immediately answers a-2), explaining the sino shape ofthe

angular dependence ofthe outputmode energy.

To answer 9-1), we need to think abouthow the excitation source will

change the emission angle (N.B., it is the inputphoton energies being varied

in thisquestion. Not the detected outputphotons as in G-2)).
I Acenter =460nm

icenter- Energy distribution of polychromatic source center =450nm
xcenter =430nm

*mer,..
M

0.

The above diagram explains the behaviour.



· For this particular microcarity, Eclo) occurs ataround X =450nm.

· Hence when the cavity is exposed to polychromatic lightwith center -450nm,

the excited cavity mode has a small
ki and hence emits around 0=0°

· Using a source with center - 460nm produces a similar result, butnow much

ofthe inputradiation is below the minimum cavity mode energy
and

therefore does not contribute to the outputemission.

This leads to the same emission pattern butwith lower overall intensity.

· If we use a source with Acenter -430nm, the higher inputenergy means

a greater by component is required, and hence outputemission mostly
occursaterablevalues of a around 450 in this case.


