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ABSTRACT

The luminescence quenching of a random, crystalline one- $ volumetric energy conversion (WAn

q heat flux vector(W/rf)

dimensional model porous medium doped with rare-earth ele- T temperature (K)

ments, is analyzed by considering the transport, transjtand
interaction of the fundamental energy carriers. The quérgh

in nano porous media is enhanced compared to a single crystal
due to multiple scattering, enhanced absorption, and logv-th
mal conductivity. The coherent wave treatment is used to cal
culate the photon absorption, in order to allow for field irfie-

Greek symbols

y decay rate (1/s)
€ permittivity (F/m)
€ porosity

ence and enhancement. The luminescent and thermal enission N luminescent quantum yield

considered as incoherent. The luminescence quenchingand n
linear thermal emission, occurring with increasing irradiion

intensity, are predicted.

NOMENCLATURE

Co speed of light in vaccum (m/s)

Cp constant pressure specific heat capacity (J/kg-K)
cy constant volume specific heat capacity (J/kg-K)
E complex electric field (V/m)

H complex magnetic field (A/m)

| intensity (W/n?f)

k wave vector (1/m), thermal conductivity (W/m-K)

| index of the layers

m;,mg  complex refractive index of fluid, solid

N number of layers, number of phonons

N, electronic concentration at the excited state €)/m
n¢,ns refractive index of fluid, solid

*Address all correspondence to this author.

Ks index of extinction of solid
A wavelength (m)

At gas mean free path (m)

Ap phonon mean free path (m)
K permeability (H/m)

05 absorption coefficient (1/m)
w angular frequency (rad/s)

Subscripts

b blackbody

e emission, electron
f,s fluid, solid

| luminescent

k conductive

nr non-radiative
o free space

p phonon

ph photon

r radiative
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t thermal
0 resonant, incident frequenacy

INTRODUCTION

Luminescence quenching is typically a result of the thermo-
optical bistability, in which the irradiated solid has twistihct
responses depending on the increase or decrease in ilwadiat

a sample with small extinction coefficient and small size.aAs
result, the temperature may vary much through the sample and
cannot be assumed uniform, therefore affecting the saniple a
sorption and emission.

In this study, the luminescence quenching of a random, crys-
talline multilayer doped with rare-earth elements, is gpredl,
by considering the transport, transition, and interactibrihe
basic energy carriers. The coherent wave treatment (M&swel

caused by the temperature dependence of the optical and ther equations) is used to calculate the photon absorption,enfedd

mal properties 7. This has relevance in switching applica-
tions in optical communications?[?], and is of potential use

in logic and memory systems for optical computatio?ls Re-
cently, applications also include solid state lasers. ineir

et al. [?] reported bistable output in a Tm-doped glass waveg-
uide laser when varying the incident pump intensity. Nogiab

al. [?] observed similar results in Cr-doped lasers and laser-mate
rials. The temperature-dependent thermal and opticalgpties
are among bistability factors creating a positive feedbaitk
temperature. Consider an index of extinction which inoesas
exponentially with temperature. A small increase in thadir
ation intensity causes a proportional increase in absorpas

a result, the sample temperature is raised, causing a furthe
crease in the index of extinction and a large absorption.s Thi
is the key mechanism in the thermal runaway and bistabitity i
microwave heating?, ?]. Other temperature-dependent thermal
and optical properties can also be responsible for bistapthe-

enhancement and size dependent absorption coefficienbare o
served. Particularly, the non-radiative decay is idemtifis a
multiphonon relaxation process, and is highly temperatige
pendent, resulting in luminescence quantum yield rapidtyag-

ing with increase in temperature. The luminescence quagchi
and nonlinear thermal emission, occurring with increas@-in
radiation, are then predicted. The luminescence quengirig
dicted here is continuous and not a sudden jump that woularocc
in onset of bistability. The proper conditions for havingtabil-

ity in this rare-earth doped system is under investigation.

Theoretical Analysis
1 Interaction and transport physics
To understand the bistability at a microscopic level, the in
teraction and transport of basic energy carriers must blgzeth
The interaction mechanisms among the photon, electron, and

nomena. For example, temperature-dependent thermal expan phonon in ytterbium doped yttria are shown in Fig?. The

sion is employed to manufacture thermo-optical switchgs [
Temperature-dependent luminescence quantum yield amd the
mal conductivity were responsible for the generation okédtile
blackbody radiator7].

The bistability phenomena in nano porous media are of in-
terest, due to their multiple scattering, low thermal caotidity,
and radiative trapping properties. Lawan®y pbserved laser-
like emission from laser dye solutions containing microighes,
for a promising novel laser system now collectively calleai™
dom laser”. The scattering is thought to create closed paths
loops, around which the light propagates and becomes aetplifi
in the presence of a population inversidi. [Rare earth doped
solids are noted for their use as high power laser mateials,
visible emitting phosphors in displays, and as constiwiehiEr-
doped amplifiers in fiber optic systems for telecommunicegio

Most of the bistability investigations have been quak&ti
and the quantitative analyses of the onset of thermo-djitista-
bility were performed using a macroscopic, lumped energy co
servation equation. Typical treatments are the "surfacel’tae
"bulk” treatments [?, ?]. In the former, the absorption, Ines-

process of luminescence in rare earth systems starts veithith
sorption of energy on 4f-4f transitions by electrons, whick
normally forbidden but are rendered by crystal field miximbe
excited electron often decays non-radiatively by emitsageral
phonons through a multiphonon relaxation process to a close
lower-lying level before emitting a photon to return to thregnd
state. The emitted photon is consequently of less energythiea
initially absorbed energy and some heating takes place.efmhe
ergy spectra of the incident and luminescent photdisd and
Epn), the excited and ground state electrons oPYKEe), and

the optical phonons in yttriecEj), are shown in Fig??. These
will be discussed in details in Sections 2, 3, and 4. Theiulat
amount of heating is determined by the quantum efficiemcy
which is the ratio of energy radiated to energy absorbed.- Gen
erally, n is a nonlinear function of temperature. Through these
interactions, some photons of the incident frequency gisap
while photons of the luminescent frequency are generatedga
with some phonons. Electrons are fermions so they cannot be
generated or destroyed. However, the population at a p&atic
(excited or ground) state can change by photon/phonon absor

cence and thermal emission are assumed to take place only ation and decay. These interactions provide sources or $imks

the surface. In the latter, the absorption is assumed torbpdd
and the sample has a uniform temperature. Empirical ordittin
parameters are used in both treatments. However, the vaieme
absorption occurs over a large portion of the penetratiqtide

the three fundamental energy carriers.

The carrier transports need to be treated in addition to thei
sources and sinks. For photons, we treat them in a classical
regime using Maxwell’'s equations to allow for the cohereti-
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Figure 1. Interaction among photon, electron and phonon: photon ab-
sorption and emission, electron excitation and decay, and phonon emis-
sion
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Figure 2. Energy spectra of the incident (0) and luminescent () photons

(ph), excited and ground state electrons (€), and optical phonons (), for
Yb : Y203. The various transitions are also shown.

ference effects. Since electrons are bounded to ions ancao f
electrons are present, we neglect their movement and just co
sider their transition between the excited and ground stdter
phonons, we use the non-radiative decay and Fourier caoduct
law, while including the size effect in nano multilayers.

2 Coherent photon absorption

Absorption occurs when the incident field couples to the
dipole moment of the atom. This atom-field interaction is
strongest as the incident light is tuned on resonance ofléwe e
tronic transition, which is the case in this analysis. Galiethe
index of extinction is used to describe the absorbing ahilita
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Figure 3. Model nano porous medium, parallel solid and fluid layers with
random thickness. The porosity is prescribed.

material. To treat the absorption as a volumetric behavir,
local field amplitude needs to be determined first.

The simplest model of a random porous medium consists of
parallel solid layers with random thickness, as shown in #iy
Regiond = 1 andN + 1 are semi-infinite media of air. This mul-
tilayer medium ha®\/2 (N is an even number here) solid layers
andN/2 —1 air layers. The coordinates,Xy,...,Xy are cho-
sen such that the thickness of each layer is random, but @beys
trapezoidal distribution. This multilayer medium has atérdi-
mension in the direction of the electromagnetic wave prafiag
X, and an infinite length in the plane normalxoThe dielectric
solid material has a complex refractive index,(= Ns ¢, +iKs )
which depends on the electromagnetic wave frequency. # thi
section, all the quantities and parameters are at the incfde
guencywy, and thus the subscripl is omitted for convenience.
The air has a refractive indew; (= ns = 1).

The general theory starts with Helmholtz’s equation

PE(x)
ox2

+K2nPE(x) =0, (1)

wherek, is the vacuum wave vector, andlis the local complex
index of refraction at the incident frequency. This is thecéio-
magnetic wave equation in a source-free medium, and is equiv
alent to Maxwell’s equations in the multilayer system. Hue t
medium shown in Fig??, the solution of Eq. %?) at a particular
location in thel-th layer is given by

E(x) = Ef k) L gre k) 1 =12  N+1, (2

wherexy.1 takes the value ofy since there are onliX inter-
faces andy = mwp/Co is the wave vector, whergy is the angu-
lar frequency of the incident radiation aoglis the speed of light
in vacuum. The field in the medium is divided into two compo-
nents, the forward (transmitted) componEpitand the backward
(reflected) componert; . The boundary conditions require that
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the tangential electric and magnetic fields be continuoussac
each interface. The relationship between the amplitudebeof

I-th and (+1)-th interfaces are given in the matrix for [

™ _p-t Bl |
(EI—> - D| D|+1H+1 E|;]_ ; I = 172a"'7N7

where

D|(1 ! >,|1,2,...
m —m

andD; ! is the inverse oD), and
P = (e—ik|(><(|)—><|1> " (><|(1x|1)) ,1=23 . ,N+1
Hence
(Ef) _ <'V'§11) '\"512)) <E§+1> i=12,...N
SR ACHY A
where

M(]> M(J) N .
M%jl) M:(sz) = |_|D|71D|+1H+1, i=12..N.
21 My =]

®)

4

®)

(6)

@)

For a wave incident from medium 1, we hakig, ; = 0. There-

fore,
N )
B _wi
Ef Mgll)
and
- j
E _ My
Ef Milf

®)

©)

The use of Eqs.%?) and (??) in Eq. (??) yields the field every-

where. The magnetic field is given byj[

H(x) = ﬁl[] x E(x),

(10)

wherep is the magnetic permeability.

In order to determine the distribution of the power absorbed
inside the layers, the power flux must be determined. ThetPoyn
ing vector is

H(x) = [S(x)| = %\RG[E(X) X H (3] (11)

The local energy conversion rate due to the absorption atie
onance frequency i€]

70|0(X) - 2T K| &

o=~ 290 2T (2) Teo, (a2)

whereg, andy, are the free space permittivity and permeability.

3 Rate equation for electrons

The rate equations describe population dynamics of statist
cally independent atoms. They are not, however, completaly
rect when used to describe atoms with any correlations legtwe
them, such as in cooperative interactions or other interito
couplings. In the nanopowders studied, observation of any c
operative effects is negligibl®]. In steady state, the excitation
rate from the ground state is balanced by the decay rate from
the excited state, and the population of the excited stataires
constant with respect to time. The steady-state rate exuisti

ANy (%)

T Y(T)N2 =0, (13)
whereNs is the electronic concentration at the excited state, and
y(T) is the temperature-dependent decay rate.

4 Non-radiative and radiative decay

In addition to radiative decays, there can be other mech-
anisms collectively termed non-radiative. When workinghwit
rare-earth elements, the predominant mechanisms are phono
assisted energy transfer and multiphonon relaxation. &ton
assisted energy transfer is a non-resonant energy trarsfegss
in which the mismatch of energy between the level of the sensi
tizer and the activator is compensated by the simutaneoiss em
sion or absorption of one or more phonons. Multiphonon relax
ation is decay to a lower level by the emission of two or more
phonons. Emission of phonons will lead to internal heatihg o
the system. Miyakawa and Dexter proposed a theory to describ
both processed].

The non-radiative decay is through a multiphonon relax-
ation process, and is governed by the "energy gap law” or
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"phonon number law”. In measurements on Yb,04, the non-
radiative decay is modeled as a multiphonon process. Thas is
temperature-dependent rate and the theoretical expresaiobe
given by

W) =y =0)[1-exp( (7 | T w

wherey(T = 0) is the decay rate at absolute zero temperalgre,
is the Boltzmann constartigwis the energy per phonon, ahds
the number of phonons.

The decay rate given in Eq?7?) is the sum of the radiative
and non-radiative decay rates. The radiative decay ratuialiy
assumed to be temperature independent. The non-radiates d
rate is temperature dependent, because it is a multiphahax: r
ation process and the availability of phonon modes are teanpe
ture dependent. At absolute zero temperature, no nontragia
decay exists. The radiative and non-radiative decay raésthas
given by

Yr =Y(T =0) (15)

and

Yor(T) =¥(T) = V- (16)

The energy conversion rate due to the luminescence emiission
given by

§ = —YrN2hooe, 17)

wherewy, is the average luminescent frequency.
Using Eqg. @?) in Eg. (??), § is written in a more explicit
form

S(x) = (18)

—%nso(X)

wheren is the luminescent quantum yield and is defined as

(19)

5 Thermal emission

Thermal emission always exists when an object is above
absolute zero temperature, and the spectral blackbodysimis
power is given by the Plank law. At low temperatures, thermal

5

emission is small, and the detected emission is mainly thee ra
earth luminescence. However, at high temperatures, the the
mal emission becomes dominant. There have been several re-
ports of blackbody emission of nanopowders at high tempera-
tures. Costa et al?] investigated the emission features of silicon
nanopowder. The powders were treated as independent black-
body radiators, and the total emission is calculated asuhe s

of their individual emissions. The emission spectrum was de
tected at high temperature and was verified to be a blackbody
spectra. Redmond et al. [?] treated the thermal emissiottrid y
nanopowders as a surface phenomenon, and the experimentall
detected emission spectrum was also demonstrated to beka bla
body spectrum.

It has not been clear in the literature as how this weakly ab-
sorbing material K, ~ 107°) reveals a blackbody behavior.
Here for simplicity we treat the multilayer system as andffe
medium with homogeneous properties, and thus the scagterin
can be neglected. Assuming that the medium is a gray body, and
the absorption coefficient is wavelength independent, thae
tion of radiative transfer can then be written 8f [

d It,)\

i —Oanlr +0anlbps (20)

wherel, » is the spectral intensity of thermal emission, is the
spectral absorption coefficient, ahg is the blackbody emission
intensity, given by Plank’s law.

Eq. (??) is integrated fronx = 0 tox, starting from an initial
intensityl; , (0) = 0, and this yields [?]

lep(X) = lgp (X = 0)eXp(—0gpX) + Ip )\ [1— exp(—0gpX)]. (21)

In the multilayer system, the initial thermal emission irgity
Iy (x = 0) is zero, and Eq.7?) is simplified to

g (X) = Ipa[1 — eXp(—0apX)]- (22)

To obtain the total thermal emission intensity, an integrabver
all the wavelength is to be performed on Eef2. Recognizing
that the spectral absorption coefficient is wavelength deeet,
an average absorption coefficiemt which is not dependent on
wavelength can be defined, such that the total thermal emnissi
intensity is the same as that using the spectral absorRioysi-
cally, yttria is considered as transparent at all waveleegtept
for the transition resonances, however, absorption aleaists
for all wavelength due to defects or impurities, et, al. Héoe
simplicity the average absorption coefficient is taken 49 bf
that of the resonance absorption. The total thermal enmigsio

lt(X) = lp[1 — exp(—0ax)], (23)
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where |, is the total emissive power given by the Stefan- T+— 70018

Boltzmann law. It is clear that if the medium is opticallydhi 1
(galL is large), the collected emission at the surface=(L) is 0.016
nearly a blackbody spectrum. v ] M
The derivative of the total thermal emission intensity give £ 0.014 g
the local energy conversion rate due to thermal emissien, i. = =
& 0.012 <&
. dh _ _ ]
§(X) = — g5 = ~OalbeXp(—0aX). (24) 0.010
0.008
6 Heat conduction ] ]
Temperature is a critical parameter that governs thermo- 1 . . . . . 0.006
optical bistability. For one-dimensional, steady-stagathcon- 0 500 1000 1500 2000 2500 3000
duction, the divergence of the conduction heat flux vector is LK

given by the Fourier conduction law
Figure 4. The solid and gas thermal conductivites as a function of tem-
O-qe=0- [k(T)DT] ’ (25) perature, with the size effect in nanoscale considered.

wherek(T) is treated as a temperature dependent thermal con-
ductivity. Here, the sample temperature varies from room-te
perature (300 K) to the melting temperature of yttria (2,693

The thermal conductivities of yttria and air both changeniig
cantly in this range?]. Additionally, when the thickness of the
gas or solid layer is nearly the same as or smaller than the gas
or phonon mean free path, the size effect must be considered.7 Energy conservation

whereks(T) is the bulk solid thermal conductivity, arg, is the

phonon mean free path. The predicted thermal conductvitie
the gas and solid layers, using Eg8?)(and (??), are plotted in
Fig. 2.

There are simple, approximation expressions describiisgeth The last step in completion of the theoretical model is to uti
fect. One of the models that is used to predict the size depen- lize the energy conservation equation by realizing thasthe of
dence occurring in gas i8] the divergence of the conduction and radiation heat fluxorect
should be zero, i.e.,
(T ) = — (26)
1+ ep/orrm KMo O-(gk+0ar) =0, (30)

wherea; is a semi-empirical constant,Qy < 1 is the accom-

modation factor, anéng, is the Knudsen number defined as where the divergence of the radiative heat flux vector is kqua

to the volumetric energy conversion due to photon absarptio
luminescent and thermal emission, i.e.,

Krgy =27, @)
f S
Oogr==%+S+%. (31)
andAn, is given by
Thus Eq. ??) can be rewritten in a more explicit form by using
= 1 keT the result of Eqs.q?) and (2?), i.e.,
m ) (28)
212 d2p
wheredy, is the gas molecule collision diameter, apds the d {k(T)d_T] +&(x,T)=0, (32)
pressure. d dx
The solid layer-thickness dependence of the thermal cenduc
tivity of the solid layers may also be approximated as [?] with the boundary conditions being
ks(T)
ks(-l—7 ds) = )\ 5 (29) . dT
1+‘§1d_: T—To,x—xN,&_O,x—O. (33)
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Equation?? is a nonlinear equation foF, as the variablek(T)
ands; (x,T) are both temperature dependent. The finite-volume
method is used, and the converged solutions are obtained.

Results and discussion
1 Field enhancement and penetration depth

The above analysis is performed on myltilayer systems to
predict their luminescent and thermal emission variatiaita
respect to irradiation intensity. The parameters and pti@se
used in the simulation is listed in Table 1. The local electri
field component at the irradiation frequency is determinad f
a normal incident electromagnetic wave of wavelength 906
nm, for the one-dimensional random medium with 5,000 solid
layers with thicknessls following a trapezoidal distribution be-
tween(ds) + Ads = 30+ 10 nm, and with a porositie) = 0.85,
andnsg, = 1.8, andksqy, = 1.2 x 10°. The index of refrac-
tion ns,, is attributed to the yttria host, and the index of extinc-
tion Ks, attributed to the ytterbium dopant. The dopant con-
centration is 41 x 10°%cm~23, and the absorption cross section
is 0.4 x 1072%cn?. Thus the spectral absorption coefficient of
crystal is

Oaup.c=41x1070cm 3 x0.4x10 2cn? =1.64cm t, (34)
andKs, is given by

_ Oaw.cho

Ksap = — g — = 1.2 107°. (35)

Table 1. Parameters and properties for simulation of luminescence

guenching.
average porosity () 0.85
incident wavelength Ao 906 nm
luminescent wavelength Y 1,200 nm
solid layer mean thickness (ds) 30nm
solid layer thickness spread Ads 10 nm
number of solid layers N/2 5,000
index of refraction for solid N 1.8
index of extinction for solid Ks 1.2x10°°
ambient temperature To 300 K
optical phonon energy Eph 1635 cmt
radiative decay rate Ve 955 1/s
absorption coefficient for thermal emissiono, 16,666 1/m

There are infinite possible realizations for this model com-
posite, and the field results for one of them are shown in Fig.
??. As evident, there is a field enhancement, i.e., there is la pea

8 T T T T T T T T

n=18

K =1.2x10"
<d> = 30nm
Ad,=10nm
<¢> = 0.85

0.8 1.0

Figure 5. Typical Distribution of dimensionless field in nano porous
medium with L = 1 mm. |E|* is normalized against the incident field.

media, the field is also periodic, resulting in no isolatedksan-

side the media (even if the field in this case can also be higher
than the incident field). The physical basis of field enharer@m

is electromagnetic wave interference. In this random rhawykir
system, the waves will multiply transmit and reflect at ak th
interfaces, and interfere with each other. At some location
some realization, the interference is so ideally consirethat it
results in an extremely large field. Thus this large field ecka
ment is solely attributed to random porous structure, amtag

be observed in homogeneous or periodic media. Note that the
coherence condition (the medium size is smaller than thereoh
ence length) must be satisfied to observe the field enhant¢emen
The coherence length }¢/A\ for a central wavelength and a
spectrum widthAA [?]. In this study we use a monochromatic
wave, thus satisfying the coherence conditih is zero and co-
herence length infinite). The coherence length of many $aser
several kilometers, satisfying the coherence condition.

It is interesting to notice that the penetration depth bggin
to depend on the sample sizdor this random multilayer. The
penetration depth is defined as the distance where the itytens
decays to ¥ of the initial intensity. To investigate the expec-
tation intensity decay profile of a sample, the intensityfifge
of a large number of realizations with the samare calculated
and the ensemble average are made. Shown in Pigis the
expectation decay profile of the dimensionless intensityamfi-
ples with the thickness 0.2, 0.4 and 0.6 mm, respectivelys It
evident that initially the intensity decays exponentigdigd then
decays much slower. This is because the near surface reagan h

in the field inside the medium and this peak can be much larger stronger coherent interference effect and thus a largerptisn.

than the incident field, in most realizations [?]. In peropiorous

As a result of the presence of the slow decay region, the penet

Copyright © 2004 by ASME
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Figure 6. The decay of the dimensionless intensity with respect to x co-
ordinate in samples with the thickness 0.2, 0.4 and 0.6 mm, respectively.
The dimensionless intensity | * is defined as 1* = [ (x) /I (x = 0).
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Figure 7. The variation of the dimensionless absorption coefficient with
respect to the sample size. The dimensionless absorption coefficient 0;
is defined as 0 = 0a/ [ F¥(1— (€))].

tion depth becomes sample size dependent. A very thin filmhas

larger penetration depth, because the exponential degaynris

too small, and the slow decay region moves towards the saurfac 2400 Surface Treatment

As the film thickness increases, the penetration depth dsese 21004 " B i
and finally approaches a constant value, because the exponen n=18 5

tial decay region is large enough. The absorption coeffiaén 1800+ \ 5= 1;2”0

the multilayer is the reciprocal of the penetration deptid & Volumetric <ds>: 30 am
normalized against the crystal values to get the dimensssnl » 15007 Treatment ﬁg;—:l(g) g5 1
absorption coefficient. This is shown in Fi§?. As expected, N 1200- I, :42(') MW/m2 |

it is smaller in thin samples, and approaches a constane u

the sample is thick enough.

2 Luminescence quenching and thermal emission

Using the theoretical model developed above, the steady 300 _———

state temperature distribution, luminescent and thermason
can be calculated given the irradiation intensity. Befbiis tan

9001 Bulk Treatment i
600 7

0 02 04 06 08 1.0

be done, the temperature dependence of the non-radiative de

cay rateyn(T) needs to be determined. The lifetime measure- Figure 8. The predicted temperature distribution using surface, volumet-
ments [?] suggest that the non-radiative decay is a 6 phonon ric, and bulk treatments.

relaxation process, with the energy of 1635 ¢énper phonon.

However, this is not clear, since the optical phonon of ttéve
not yet been fully measured or analyzed (e.g., MD),althquagh

thermal emission intensities, with respect to the irradiginten-

of the phonon spectrum was given i#].[ As discussed, since  sities, are shown in Figs2? and??. It is clear that initially the

the absorption of incident radiation occurs non-uniformiigh
the multi-layer system, the resulting temperature distiin is
different from those predicted using a surface or a unifogatt

luminescent emission increases linearly with temperatanel
then experiences a quenching. This is due to the temperature
dependence of the luminescent quantum yield. The initmal i

ment. This is shown in Fig??, showing the surface treatment ear increase iy is indicated by Eq. %?), because the lumines-

results in a higher surface temperature and the bulk (ootmif
treatment results in a much lower surface temperature.

cent quantum vyield) defined in Eq. ??) is a weak function of
T at low temperatures, arg] is proportional to the irradiation.

The variations of the surface temperature, luminescent and In contrast at high temperatures the decay rate increapiyra

8 Copyright © 2004 by ASME
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Figure 9. The variation of the surface temperature with respect to irradi-
ation intensity.

500 x x x x ——— 3000
~ ‘Melting
E :Occurs ) o
Z 400 I, s 12500 §
7 | 120007
2 300 ! &
A [=]
E \\ﬂ 15002
o _ I .2
8 2001 n=18 | g
5 K =12x10" ! {1000 —
2 <d>=30nm : g
2 100 Ad,=10nm | 1500 £
] <¢>=0.85
— |

0 |

T T T T T T O
0 100 200 300 400 500 600 700
Irradiation intensity / , MW/m?

[

Figure 10. The variation of the luminescent and thermal emission inten-
sities with respect to irradiation intensity.

with the temperature, angl is also a rapidly decaying function

CONCLUSIONS

A consistent model is developed to analyze the intrinsic
thermo-optical bistability of random multilayer systerhg,con-
sidering the interaction, transition, and transport ofibasergy
carriers. The coherent wave treatment is used for the ptadion
sorption, and field enhancement and size dependnent penetra
tion depth are predicted. The non-radiative decay is ifledti
as a multiphonon relaxation process, and the luminescemt-qu
tum yield is highly temperature dependnent, causing tha-lum
nescence quenching. Qualitative agreement is found wétiuth
minescent and thermal emissions of irradiated nanopov@ier [
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