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Nonlinear Optical Effect Okamoto

Nonlinear Optical Effect

sutniDifferent frequency generation, Harmonic generation, Parametric amplification, Two photon
absorption, Stimulated Eaman scattering, Four wave mizing, Self focusing, phase conjugation, etc.

The nonlinear optical response 15 given by the polarization Pit) as a power series in the electric field
vector B as

Ple, =%y VE +2% 4 WEE, + 33X y  VEEE+ ..

The time varying profiles of the nonlinear optical response indicate the many
processes in several materials,

femto pico micro milli second min hour Time
>
Electronic polarization Thermal dynamics Clustering, Aggregation
Electron transfer Wolume, structure change Molecular harmonic effect
Energy transfer Density change Mano particle growth
Carrier Dynamics TMtrazonic, Acoustic wave Crystal growth
Excitation Dynarmics Chemical reaction Phase Transfer

Molecular wibration Molecular translation Metal diffusion
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Carrier Dynamics Okamoto

Currently, Sermconductor-based optical/electrical matenals and
devices have been developed and used for wader appheation fields

Optical properties of semiconductor materials are
controlled by the dynamics of carriers and/or excitons

Designed by Dr. Suda i Kyoto Unry.
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Molecular Dynamics Okamoto

Optical properties of solutions are controlled by the molecular dynamics
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/nSe Homoepitaxial Layers oxamor

ZnSe homoepitaxial layver

0.9 wm grown by Melecular Beam Epitaxy (MBE)

Low defeets, dislocation, deformation

Il

ZnSe Homoepitaxial layer (HIL) Very strong enussion and nonlmearity
0.14 pm

ﬁ— Barrier layer (Zn5c)

St —

0.9 um Active layer (ZnCdae)
Buffer layer (ZnSe)

Substrate {ZnSe)

ZnCdSe/ZnSe Quantum Well ((QW)

The reason of the strong emission of ZnSe homoepitaxial layer is still unknown
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Emission Spectrum Okamoto
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Time-Resolved Photoluminescence okamoto
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Mechanism of Streak Scope

wavelength

&

o

Monochromator
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—-_ ltnage sensor

—_—

Fhotocathode

Wavelength resolution

mweep electrode

Time resolution
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Analysis of Streak Image  okamae
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Sample Structures Okamoto

Barrier layer (Zn&e, ZnS5e, or ZnMpgS5e)
Active laver {(ZnCdSe)

§ Barrier layer
T

Buffer layer {(ZnSe)
Substrate {ZnSe)

280V [2.591? 200F JleV
InSe
L 5nm|— , |ZnSSe , ZnMEgSSe
ZnCdSe Snm —
2inm

Znse(0.14 ) f Zng 2:0dq555e(0nm) f Zose (0.9 pm)iZnse sub,
Znsse(0 ] wm) f ZnCdse(onm) F ZnS5e(09 wm) f ZnS5e(0.9 um) / ZnSe sub. (50 12%0),
Zntdgsse(0 ] wm) f ZnCdSe(2 dnm) f Zobdgs5e(0.9 wm) £ ZnSe(0 6 wm) f ZnSe sub (57%, M 6%
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PL under low power excitation okamor

Excitation Power: 1mW, Carrier density : ~10!° ¢’

ZnCdSe/ZnSe ZnCdSe/ZnSSe ZnCdS er’ZnMgSSe
350 , 390 . : :
ap0 | Te = 290 ps EmE— 2.528eV] a0 | T 257 ps B =251%V] 4w| T,= 286 ps = 2.575&?
.t E, = 13meV] E,=21meV. i, o = 2btmelf
| " 0 ] "~._:
£ 200 £ o | '
i 150 19
= 100 = 100 e
1 50 | | ]
0 0] ]
2.8 7.5 7.55 7.8 2.4 3 R X 765 18 2.8 15 1% 18 7.85
Photon Energy 5 a¥ Photon Energy 5 a¥ Photon Energy 5 a¥
PL lifetitnes are shorter at shorter wavelength &= Localization effect of excitons
Exciton
Il: E] . L L. . Lifetime without the localizgion /_ e
1+ exp[( E - Em} fEn] E_ Mogede | T ................... . ‘;cl"“ﬁn"
£ Localization Energy 10~30 meV

(Equation of Courdon & Lavallard) o
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& PL under high power excitation oksm

Excitation Power: 100mW, Carrier density : ~10!% cm®

ZnCdSe/ZnSe ZnCdSe/ZnSSe InCdSe/ZnMghSe

50 T T T i7 1] T ; : 0 r T T
|| 2 ||
o) 250 o |
E‘ 200 ] E‘ 2m E‘ 200
i 190 ] i 140 i 190
- 100 ] o 1m = 100
90 ol 50

0 - . _ ] 0 - . ' ] 1] i . . ]
24 245 25 255 24 | 2,45 2.5 2,455 2.4 1.5 1.5 1% 13 185
Photon Energy 5 a¥ Photon Energy 5 a¥ Photon Energy 5 a¥

PL lifetitmes become shorter not only at shorter wavelength but also at longer wawvelength

————p Another emission process appeared at the longer wavelength region

Exciton molecule generation
Many Body Effect Exciton-1.0O Phonon Scattering

Exciton-Exciton Inelastic scattering
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Temperature dependence of the PL. okamoto
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Temperature dependence of the Lifetimes Oamoto

Weak excitation 1ImW ~101% ¢m Strong excitation 100 mW ~101% ¢gm
2500 . . . . . . 2500 . . . . . .
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30 mW for ZnCdSe/ZnMg3 Se
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Internal Quantum Efficiencies oramon

ZnCdSe/ZnSe ZnCdSe/ZnSSe InCdSe/ZnMghSe
Tamperatura f K Tamperatura f K Tamperatura f K
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Weak excitation to the barrier layer < Selected excitation to the active layer

< Strong excitation to the barrier
Especially for ZnCdse/Znkdgs e

— What happened?
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7T-dependence of the recombination rates  okamow

Weak excitation 1mW ~10'° ¢ Strong excitation 100 mW ~10!% ¢gm
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30 mW for ZnCdSe/ZnMg3 Se



T-dependence of the localization effect Okamoto

ZnCdSe/ZnMghie
a
. L. T
- | I N
e 400na 1a¥ . m when Excitons are located in
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y Saturation of the nonradiative recombination okamoto

Strong Excitation

*  Monradiatre Saturated
» Decornbination Centers v

” imcreased » Saturated

v v

Nonradiative recombination centers (NRC) (defects, dislocations, impurity) m the
active layer are saturated by the lngh density earmers under the strong exeitation.

B} increases the radiative recombination rate in the active layers
By NRC in the barrier layer arc also saturated
By increases the carrier flow into the active layer from the barrier layer

B increascs the radiative recombination rate in the active layers much more



Power dependence of Arrhenius plots Ofamoto

ZnSe barrier layer is excited by He-Cd laser with 325 nm, 3 Wcem?

Temperature / K Temperature £ K
300 100 80 40 30 20 =0 100 S50 40 20 20

Honl inear ity £ a_u_

PL Integrated Intensity / a.u.

o.o07 L ! : ! ! 1 0
0 10 20 30 40 8l

S, .|
11 P WETT /K




Power dependence of Arrhenius plots Ofamoto

ZnCdSe active layer is excited by Ar" laser with 488 nm, 3 Wcm™?

Temperature / K ZnCdSelZnS
300 100 H0 40 30 Z0

No power dependence

}

Only when ZnSe bamer layer
18 exclted, unique nonlinear
behawvior of PL. happens

=
—_

T _

PL Integrated Intensity / a.u.

0.001

0 10 20 30 40 50
10217 7K
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Carrier Dynamics model Okamoto

carrier T A
T
P 'Y X | T e :
— @ T, : radiative recombination in barrier layer
.. ............. ‘.. ...... o . . . .
: T, : nonradiative recombinatien in barrier
N L]
: I;p : carrier inflow from barrier into active
Al 4

-------------- 'y = frad nen ¢ . :radiative recombination in actrve layer

f,_, : nonradiative recombination in active
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Time-resolved PL. measurement oramoto

—~ | x10 N =N(0)exp (-t/T5)
=
5,

1 1 1 1
"-Eh = + +
g fPL frad r,ncan rI'R
[1}]
'
L= Barrier layer
i ! A s 1 _ 1 + 1

TPL rrac:l rn-::-n

0 05 1 1.5
Time {ns)
1

N(f) = ——=——N°(0) [-exp(-t/75;) + exp (-£/51)]
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Obtained Lifetimes Okamoto

FPower Density

(mlem?pulse) Trlps) Top(ps) Tp(ps)

16 127 1.15 104
8 118 121 93 ¢ _ 1 1 . 1
TPL "I'Jrad T'Jn-::n Ity
1.6 101 120 83
0.5 92 117 69 1 _ 1 1
TPL l}ad rn-::n

0.16 66 1.02 47
0.08 53 1.08 34
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Nonlinearity of PL at 21 K Okamoto

ZnCdle/ZnSe cxeited by frequency doubled Al,O,:Ti Laser {(400mm)

350 - - - - Pulse width 1.5 ps, repetition 80 MHz
100 TmW

w 250 |

~ 200 : : : .

@ Tt L Nonlinearity of PL intensities was observed

i 1"

24 245 25 255 2B 265 (1) High energy side

Photon Energy / eV

1.6
15 A ' Saturation of camer localization
4 I / L‘i&f"{.
E 2 f-f#t g X, 2., - . {1 (2) Low energy side
E 1.1 of 'ﬂ‘_’.ﬂ_. LH"-A.._,:"":'.‘E .
z w EEs many body effect of excitons

08,4 245 25 255 26 265
Photon Energy / eV



Saturation of localization and many body effect ﬁ;ﬂﬂ;

Saturation of carrier localization L =230 ps B =2528eV E =13meV

/\_an .w-m
Localizatinn ﬂ @ ﬂ @
L E
_ me . [¥lobility edge
I('E) 1+ EKP[{E' Eme:l .'"Eu] En : Localization Energy

L. Lifetire withoo the localization

Many body effect

xciton molecule generation
Exciton-1.0O Phonon Scattering

Exciton- Exciton Inelastic scattering

PL Intenzity / a_u.
[ -]

Emission at low energy side

Energy: 74 meV, linc width : 65 meV Photon Enerzy / e
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Absorption Saturation with CW- Pump & Probe

nCdSe/ZnSe at 25K

Absorption saturation
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Okamoio
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Transient Absorption with TR-Pump & Probe  gyamoto

ZnCdSe/ZnSe at 25K

Ti: sapphir .
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Temperature Increasing estimated by the P&P  granate

Temperature f K

a0 100 a0 40 aa 20
2.8 } } : : } i

——/nSe Homoepi
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15
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Photon Energy f eY
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2.6 |....

2.8 L L 0 . . . . =
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Teaperature f K w3271t se

Temperature dependence of the band-edge shift Estimated temperature increasing after excitation



Summary - Nonlinear optics of ZnSe - okamoto

@ Strong emission of ZnSe homoepitaxial layer should be due to
the saturation effect of the nonradiative recombination centers.

@ Other various nonlinear optical effects were observed based on
the camer localization dynamics, many body effects, and
thermanzation process of excitons.

@ Such nonlinear optical effects can be applied to various optical
devices.



Emission Properties of CdSe quantum dot  oyemet

Quantum Dot ((QI)) —  Excitons are localized into 0-dimension

various optical hinctions, optical nonlinearities, wnique properties are
expected

Applicable to high efficient hght-emithing devices or
low threshold laser

For InAs/GaAs or Ge/S1 materials, Stranski-Krastanov (SK) mode of
QDs has been well established by MBE and MOCVD.

In contrast, QD of the wide band gap semiconductors have not so far
been established in spite of the large efforts during the last few years.
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CdSce/ZnSe quantum dots  okamer

CdSe/ZnSe QDs rrown on (110) face of GaAs substrate

Appl. Phys. Lett. 70, 3278, (1997)

CdSe Quantum Dot Stranski-Krastanow Mode
i Dot density = 1.7 % 10" “em™
‘li_ i
Znie cap layer (Slnm) — much smaller than that of Gafs-based QDs.
CdSe Wetting layer —

{1,2,4,10 mono layer) o 1 lﬂ]
Zne buffer layer ¢ 100mnmm)

Fads substrate —

AFMN 1mage
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Microscopic PL image and spectrum  okamoto

FL Intensity {arb. units)

100K

[100 wrn = 100 wm TR - PE 2.'5E 37
Energy (e\)

(a) conventional PL

Flat arca Steps (b){c)(d) microscopic PL
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MicroPlL. 1image and spectrum @77K  oramoto
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Temperature dependence of PL Okamoto
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Time-resolved PL for 10ML Okamoto
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Mot a single exponential decay



Mode locked AL OS TI laser

[ pumped by Art laser )
pulse width:
wavelength:

repetition rate;

power density:

1.5 ps
700~1000 nm CCD camera
B0MHzZ
2 :
20udiem Optical Fiber , MIETDSEOpE

/m Al, O, Ti Laser ’_ Ar+ Laser
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i 2
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Temperature
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?Z) Moving Stage
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Pictures of the TR-M-PL setup Okamoto

w01 Ly "Mode locked Al O5Ti [aser

[ pumped by At laser )
pulse width, 1.5 ps
Photo Diode wavelength:  700~1000 nm
: _ repetition rate: 80MHz
c _ ' power density,  20picm?

) CCD Camera
Microzscope

ST

Streak
Camera [

e

Fulsed hearm

Temperature
Controller
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Measurement of ermission from smgle quanhun dot 15 impossible wath the current
cxcitation spot size (5 pum).




Photoluminecsence Intensity {(arb.units)

20212223 24 25 2.6 2.7
Photon Energy {eV)
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Micro-PL spectra at each spots  okamoto
onlnanmnasirmtE——

Macroscopic

¢ __ =100 m,
Mi L =7 udlem?®
ICFrOSCOpIC 'f,t'ex —5um,

I =7 udlem?
dark yellow region

yellow bright point

green bright point
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From QWs  okamoto
L

Macroscopic

Non-exponential decay
Multi-exponential decay

Microscopic

Single-exponential decay
T =338C20ps

T =329 29 ps

Tp —19413 ps

0 0.2 0.4 0.6 0.8 1.0
Time (ns)
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2o m DC'D.::-._:_:_;_ -

PL Intensity {arb. units with linear scale) I
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From QDs  okamoro
L

Macroscopic
Non-exponential decay

— Multi-exponential decay

Microscopic
Single-exponential decay

Ty =1.6X0.6ns

Ty =183 2ps

T, =706+ 34 ps
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Sharp PL spectra from single QD  oramar

10ML @ 77K Microscopic
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<mission mechanism Okamoto

1 1 1 1

TPL Trad Tnonrad Ttrans
I, : photoeluminescence lifetime
T, : radiative recombination lifetime
T ... .honradiative recombination lifetime

T : transfer lifetime from QWs into QDs

(1) PL lifetimes are limited by the nonradiative processes
(11) radiative lifetimes are changed drastically with the dimensionality of QD-centers

(11) the situation 1s the combined e'ect between (1) and (11) models.
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Vanation of PL from each QD Okamoto

Qantum Dot =1 ﬂ
o
5
. 1
Py
Heigh | | §

E’ Photon Encrgy
=
5
Density >

_ ” ensl
Width Time

The PL from single QD has various PL lifetime based on the variation of
height and width of QD even if the emission wavelength 1s same
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Summary - CdSe QDs emission -  okamoto

§ Recombination mechanism has been assessed for CdSe/ZnSe.

@ TRPL spectroscopy was employed at the CdSe(10 ML)/ZnSe
sample for emission bands from either QWs (CdSe wethng
layers) or QDs (self-formed CdSe QDs) under macroscopic and
microscopic excitabion.

@ 1t was found that excitons photo-generated at QWs are electively
transferred to QDs though the number of transfer channels
strongly depends on the number of QDs in the vicimty of
microscopic-focus, and that PL hifetimes of emissions from QDs
ranged from 193 psto 1.6 nsat 77 K.
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= 1 hird order nonlinear optical effect oxamoto

E(r.t =K exp|:(kr-ax)]

N / k4 W,
1 @y — - i

kz mz i X . -

ks w5 — T
3 0

(+ ore

Ple,= 2Ly OE + X2y, OEE, + L2y, OEEE+

v'*! may be changed by internal dynamic processes without direct photon transfer.

Examples,
. . . _ Time

femte  pico TiCT tril1 second it hour >
Electrorac polanzation Thermal dymaracs Clustenng, &goresation
Electron transfer Volume, strocture change  Dlolecular harmonic effect
Erergy transfer Dernsity change Hara particle growth
Carner Dynarmacs Ultragorac, &coustic wave  Crystal growth
Excitation Diynaracs Chernical reaction Fhase Transfer

Molecular sahration Mlolecular translation Mletal diffusion



Principle of the TG method Okamoto

S A, _am
‘.._..‘  2sin( 0 /2) /i

q —_—
A A A A Optical interference

Excitation

AAAA Cattier of exciton density
MNotradiative recombination

AAAA Heat generation

m Photothermal processes

Density

Pump

One of the 3rd-order nonlinear spectroscopy

Fump by the mterference pattern created by
crossing two beams

Temperature

" Heat conduction

i_reate the grating (moderation of the carrire
and/or exciton densities of temperature)

. Space
Probe by the diffracted beam

High sensitivities, high accuracy, high time resolution, and
high spatial resolution



Setup for the TG method (ns) Okamoto

‘ Md: Y AG Laser

Helle Laser

Excitation Laser
™ N Y AG laser

frequency tripled beam

633 nm

Lens

=ample

pulse width: 10 ns
wiavelength: 355 nm
repetition rate 2 Hz

Trigger
Cecilloscope

bicro Computer

L
O Fhoto Multiplier
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Obtained TG signals @23°C Okamoto

—ZnSe HL
""""" ZnCdSe/fZnSe QW

Intensity (arb. units)
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Analysis Okamoto

From the couple-wave theory, diffracted cfficiency 1s grven by
I/l = 81+ &

Refractive-mdex change (/1) duc to the temperature mereasmg (A7) by the
nonradiative recombination processes of cames are given by

. an ar dn
fm’“ﬂ‘:f:}ﬂﬂTTw+ 57 r*r:ST

Temporal and spahal dependence of the temperature change $7{x,t) 15 given by the
following rate equation

dST(x.t) PST(x.1)
dt = D th dx*
where D, 1s the thermal diffusmvity.
Dy=A/C,o (A thermal conductity, C; thermal capacity, o, density)

Irg'?(q.t) o 0 T(q.t) = exp(— Dy, q*t)

The time-profile of TG signals decay exponentially
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TG decay rate (k) vs. grating constant (g) okamoro




© Koichi

Obtained thermal diffusivity Okamoto

From the relationship between # and
— 2
k=Dygq
D, is obtained by the slop ef the #-4° plot

(Experimental) D,=0. 84+0. 11X10° m’s"

ZnSe;, .. =0.19Wem 'K, C =0.086c¢alg 'K-!, 0 =5.266gcm

(Calculated) D,=1. 00X 10” m’s"
T T———— Excellent apreement!

We concluded that the obtained TG signal 18 due to the thermal
processes by the nonradiative recombination of carmers.
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Excitation power density dependence  okamoro

® 7nSe HL
® ZnCdSe/ZnSe QW
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Setup of the transient lens (TL) method  okamoro

Mo YAG Laser L Excite samples by Gaussian shaped
255 nm beam spot and measure 7 by
detecting the dispersion of light

Helle L ase 633 nm \

Lens <

Trigger
Sarmple Oscilloscope
Lens Micro Computer

Photo Multiplier  ( ——
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Obtained TL signals Okamoto

— I nSe HL
AnNCdseldnse OV

Intensity (arb. units)
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Comparing with GaN and ZnSe  okamoto

GaN 4um ZnSe 0.9um
Al,O; substrate ZnSe substrate
GaN heteroepitaxial layer ZnSe homoepitaxial layer

grown by metalorganic chemical grown on ZnSe substrate by
vapor deposihon (MOCVD). molecular beam epitaxisy (MBE).

Dislocation 10¢-101Y ¢m2 Dislocation <10%¢cm=
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Result: Time profile of the TG signals (ns)okamoto

Lol | | @R.T.
- :
)
=
un
k)
=
I
oL
7y
100 200
Time (ns)

@ These signals rise immediately within the excitation pulse (few nanosecond) and
decay withm few tens nanosecond. L2 () = A exp (-k ¢ )

@ Dccay rate constant {( &/ ps!) of GaN 1s about § times larger than that of ZnSe
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Analysis Okamoto

The T signal intensity is given by the sum of the square of the refractive index change ( An) and absorbance change (A%

Ing /1I,= aon® + Bk In this time, [, o€

o

The titne and spacial dependence of An(x, £ depend on the dynamics of camier andfor exciton

on (x, 1)= [ j };r })W {x. 1) +[ 'j ; Jfﬂ" (x, ?)

Catriefexciton density change AA(x, £ and the temperature change A T(x, £ are giveb by the diffusion equations

g &V (v, 1) A2 (x, 1) 1 1
— —_— + - -
3 1 =D ET T T, O aV(x.t)
g &T (x. §) 1 F28T (x, 1)
3 = “ﬂ{: WV (x, 1) + Eﬂi 31

By solving this equations,

an

1 V(g 0yexp[—(1 /Tty +1/T,, D¢ 1]
Term of the population grating

o [ g n "I Lﬂ‘{ﬁh {}} 1/ e

—exp[—(1/t ,+1/t  +D¢F)i]+exp(— Dy g*1)
l:?TJif‘{md+];:{nm+Dq2[ '1[ { ad Jrz ] 1( th ]

Term of the thermal grating
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Excitation beam angle dependence okamorw

ITGiH (I]".i’) o< on Hﬂ eAp {_(1 / T’rati +1 ’rrT'nnn +D QZ) 'f] GE‘N@RT
Term of the population grating
1/ Taen
+ 0 —exp[—(1/t_,+1/t _+Dg)tHexp{— D, ¢t
. I’I-trad+1;tnnn+ﬂ!}‘2[ 1[ ( = fan 7) }+ P thqz )]

Term of the thermal grating

3 5 3 ]
=, =1 =, A=Bpm
= &l = i
o oW o g
— L L = '
-II:I—I"I P_.J - E = 1 _
= = = P
=1 ™ F ™ | : I|
= = P Lo
o E-'l o 1 M
ing 0§ 00 | -
1 . L el 110 L 1 L
1] 100 200 1] 100 200
Time (ns) Time (ns)

/—\/\/—\/\ Fast decay component NVW\/VW\/\

T e e T atiribute to the population grating P

W =low decay component
P e W N e W N e N Wk WY

Thermal grating 15 well generated —*attribute to the thermal grating Population grating 1s relaxed before
the thermal grating is generated




Relationship between TG decay rate constant (&/us!) and © Koiehi

the grating constant (g2/um-2) Ckamoto
. s
Term of the thermal grating @RT " I | | | | | a
- | GaN |
(By theory)
— 40 [
Ipg'2 (1) oc 6T ° exp (— Dy, ¢*1) v
= 30| |
L), thermal diffusion constant {Dth=lcpr'P ) - a0t i
[ p:density O, - heat capacity A, ¢ heat conductivity )
10 [ j
(By fitting)
F=D 2 - , . . . .
I (1) =Aexp(— k1) th 4 0 020406 08 1 1.2 1.4
| A~ T G2 ()
Experimental values A0 - -
Dy=043em?st (Gal)  0084cm?s™ nfe), | InSe _
— .
Calculated values in
=20 | 1
L, =044 cm?s! (Gald) 010 em2s?! (Bnbe) .
10 r i

=1. crm i, p=h, g, Le=d. calmol k.
1.3 Wem 1F G, 055 3 5745 calmol 131 'GaN
=018 Wem 1, p=5.266 gem ¥ & =0.0036 calg K1 ‘ZnSe, I:||:| ] ? 3 4

G (prm2)
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© Koichi
Okamoio

@R.T.

It was found that the heat generation {(nonradiative recombination processes) in GaN
was not saturated, winch 1s different from the reported case of ZnSe.



Carrier
and/or
Exciton

Dislocation =104 e¢m-=

GaN l |
v 1 Y ¥%¥Y ¥ . 11 h 4

Slow diffusion 4= =
v v 7'-'-’1'.17 yv

Dislocation 10° -101Y enr?

Model

Diffusion

© Koichi
Okamoio

1y ma = I © vy,

M- density of ron-radiatree recorbination center
(MR
T : cross section caphured to NEC
Vg ; thermal velocity
Nonradiative centers are easily saturated.

N, is low

Eadiative recombination should be enhanced.

Nonradiative centers are not saturated.

Model-1

Carrie and/ or exciton are hardly trapped in the

nonrdiative centers. o is low

Model-2

Diffusion of carrie and/ or exciton are very

slow. Viy, 15 low

IModel-1 andfor model-2 should be the reason
of the strong emission character of Gald
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Setup for the TG method (ps) Okamoto

Excitation Laser
Mode locked Fiber laser
frequency doubled beam
pulse width: 0.5 ps

wiavelength: 3858 nm
repetition rate: 1 kHz

Frobe  fundamental beam

: Fetont reflecter
i g
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ww [1me prolile of the TG signals (ps) okamoto
_— =
frﬂlﬂ (q.t) o< ON(q. 0)yexp[—(1l/t 4 *T1/t, T Dg*)r] Termuofthe population grating

A=0.7um
I — ' @R.T.
= =
o L ZnSe
o
.-%' B Tra= 63 ps
w 2
= [=
[ e
o o
0 55 100 150 0 0 100 150
Time (ps) Time (ps)

Decay rates are controlled by the diffusion and recombination processes of camer/exciton
— Diffusion constants {I2) of carmme/execiton would be obtained by scparatng these two processes
Detail results and discussion should be published m the next opportumity
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Summary - TG measurements -  Okamoto

. Transient Grating (T() method 1s the powerful tool to detect the thermal

dynamics of nonradiative recombination and the diffusion processes of carries
and/or excitons in semiconductors.

. Thermal diffusivity in GaN obtained by the decay rate constant of the TG
signals (D, = 0.41 cm?s') was close to the calculated one (D, = 0.44 cm?s'!).

. We found that the nonradiative dynamics of GaN 1s different from that of ZnSe,
though the radiative dynamics (quantum efficiency) 1s similar.

It 1s important to note that detailed information on the optical properties such as
the ratio between intermal quantum efliciency and external one by comparing
nonradiative and radiative processes. Such an approach 1s in progress.
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Microscopic Patterning on the Polysilane Films oOkamoto

R

| Polysilane compounds are easily oxidized by UV 1rradiation in air and
[ Si } properties (refraction index, polarization, or hydrophilic character, etc.)

| " are drastically changed.

R

-

e Ee En
bl W

optical memory photonics bandgap alignment plate

Such the microscopic patterns have been created by the etching technique

We created and observed the microscopic pattern on the polysilane thin
films by using the nanosecond pulsed laser induced optical grating.
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Sample structure Okamoto

(FHS ?Hg (FHS (FHS ?HS

? ? ? ?, §, ... Poly-dimethyl-silane
g Pnlysila:ne thin flm Grown by the high vacuum deposition

Thickness: 200 nm

Substrate (quartz) Presser: 10°-10° Torr
Flow rate: 1-10 nm/s
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Result: Time profile of the TG signals  Okamoto

Transient Grating Component

Intensity (Arb. Unts)

Lo R it‘c‘n":‘ﬂl}ﬂ.ﬁg

0.2 0.4 0.6 0.5
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Analysis Okamoto

The TG signal intensity 15 given by the sum of the square of the refractive mdesz change ( d1 and absorbance change ( J)

Ing /I,= a2 + Bk In this time,  Ip,!? o€ On

The time and spacial dependence of di(x, ) depend on the heat dynamics and chermical reaction

a & . g n
onx, )= L?;;,})T (v. 1) — [FU ONg (x. 1) + [é‘ﬂﬁ (x, 1)

ol (x, Hyare given by the following diffusion equations A7 temperature change

o RST AMNg ¢ density change of reactant
X, X, f :

doT (x, 1) = Q. 1) + D ix, £) di, - density change of product

= - th 2
dt PCs ax (! :released heat amount
By solving this equations, 2 density
Cp: heat capacity
oT {q. ) =< ‘ST{‘T 0) E:{P{ —D (IZ t) Dy thermal diffusion constant

¢ . grating constant

Therefore, time profile of the TG signal are @ven by

d d
Lo (2 e dn = L?—‘;.]cﬂ'{ﬂ}e:-:p{—ﬂq?ﬂ —[j,::]awR + [3; AV,
- R &

Transient Gratng Component FPermanent Grating Component
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Laser shot dependence of the TG signals oxamoto

Intensity (Arb. Units)

70 Shot

30 Shot

25 Shot
20 Shot

-

Signal intensity become larger
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Laser shot dependence of the permanent grating Okamoto

‘ Ivlaz: Diffraction beam 15 wisible by nalced eves

| | *_ I I | |
X , e
~ . .®
@
3 Increasing * -
% . % ® ®
L
Py »
8 . ¢
&
E Fermanent Grating should be destroved
e .® ®
| & L L 1 1 L L

I gl Al Gl A0 100 120
L.aser Shot
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% Images of the Microscope  oramor
B

Before 50 Shot 100 Shot

10m

Microscopic pattern can be observed after 50 shot.

This pattern should be destroved after 100 shot.
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Model Okamoto

Before the max pont

Pattern 1s created

Diffraction signal increase

Max pomt (50 laser shot)

Pattern 1s well created
Diffraction signal 1s max (visible)
After the max point

Pattern 1s destroyed

Diffraction signal decrease
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Summary - TG micro patterning -  Okamoto

@ Transient Grating (TG) method can create and, at the same time,
observe the microscopic pattermn on the polysilane thin films.

@ Firstly, the microscopic pattern is created, and after the max
pomnt, pattern 1s destroyed by the laser radiation shot.

@ This method is simple and convenient to create and observe the
microscopic pattern than the ordinary techmques.

@ Theoretically, the fringe size can be archived as small as half of
the excitahon wavelength. (in this condition, 133nm)



Other Application — Dynamics of Dopamine - Okamoto

HO

Understanding o f the photocxeitaion,
HO CH,CH,NH, photoreaction, molecular dynamics of

Dopamine 15 very important to clucidate

dynarmies and mechamsm of Iving body

Dopamine

Time-profile of the TG signal taken for Dopamine/DIE
]'I:I I I I 1

o 20 40 &0 20 100

Time (Lis) Time (LLs)
Thermal grating signal of Dropamine Fopulation grating sional of Doparine

=) Fxcitation and reaction mechanics == Iiolecular dynatnics



Other Application — Nano Metal Particles - Okamoto

| Mamo Metal Particles } IIC?"| catabyst materials, electrical and optical devices

UV irvadiati _
PICIE + e TR Rte BCI —{Cre—CH I r“/\;
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nPt — Pty >
L {n:lusterlr‘g} FWP pu:nl].n:hl wind-2-pyrrhlidone é\/ Pulymer
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