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Chalcogenide glasses

Chalcogen

homologous of oxide glasses
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- of chalcogenide glasses

Presence af5), Se, Te polarisable

Egvironment (lone-pair-LP)

( Specific property of chalcogenide glasses compared to ]

oxide ones
Semiconductor |_|_—[)Photoinduced phenomena
As,S; glass hv -> hole-electron pair
c ~ 1014 Scm- -> change in n
E,~2.15¢eV -> QOvshinsky effect

(amorphous state <-> crystalline state)

Large ion mobility <:_ _> Transparent in the IR
When doped with alkali,
silver or copper ions,




B Photoinduced phenomena
B lon mobility



-+ photons hv: Photoinduced phenomena

Photodissolution (« photodoping »)

lllumination of a chalcogenide film in contact with silver
===, Rapid penetration of the metal into the semiconductor (Kostyshin (1966))

Typical features:

B Large amount of Ag can be dissolved 30-40 at%, and even 57% in GeS,
B Rate of dissolution depends on chalcogenide composition (excess in chalcogen)

ot f Mechanism J

B lonization of Ag
(semiconductor — presence of holes or electrons)
Ag + h* ->Ag* Ag > Ag*+ e

B Reduction of chalcogenide
2Ag + Se —» Ag,Se AG’,gg ~ -25 kd/mol
4Ag + 2As,Se; — 2Ag,Se + As,Se, AG’ 54 ~ -12 kd/mol

hv close to band-gap [

energy Photo-enhanced solid state reaction J




W Very sharp edges between doped and undoped regions

Local creation of pairs « electron-hole » + small diffusion length of free carriers

((\//q Hardly any lateral diffusion

™ Solubility of doped region in alkaline solvents much reduced

/4
((\/)q Local change in chemical composition




_H‘— Photodeposition

Phenomenon observed in highly doped chalcogenide (Ag-Ge-S(e)), Ag-As-S(e))

lllumination
\\\((
Lower silver content (x < 0.45) g “aay Higher silver content (Ag,5AS55,)

increase in Ag density precipitation of Ag
in the illuminated part A - N ()8
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Small clusters or crystals
10nm in diameter and 1nm in thickness

Reversible process
Annealing — dissolution of the Ag clusters




_‘photomigration-photodeposition

y Ag

Point of view of physicist Particle S Light
lllumination ///
- .

Agr+e — Ag
h* moves away from illuminated spot

Point of view of chemist

Photodecomposition = decomposition of an oversaturated Ag solid solution

w Under illumination the metastable system approaches equilibrium with excess Ag
segregation.

Annealing at higher temperature allows Ag to dissolve again in the solid solution.



‘photomigration-phodeposition

=== Increased reflectivity for Ag rich region
=== Photoexpansion

Gratings/ microlenses Optical memories

Ag,(Ge, X 7)100x, 110 mW/cm2 |
ORI g —
—60 i
as-preparedf

(d) s 5t1‘uuh.u‘:-.ﬂ char
wrge quantity of Ag a
it which produces elg

mr——
e to both photoddiyiy

Au addition — increase in the photosensitivity of photodeposition by two
orders of magnitude (Au clusters = nucleation centers for Ag)




_)and hv: PMC memories

« Programmable
Metallization Cell Memory
Devices »

Ag,/Ge,Se;, multilayers

I Gey255€ 75

Conductive atomic force
microscopy (C-AFM)

Write-in : Sweeping over 500x500 nm?
and V,, =+ 200 mV

Erasure : Sweeping over 500x500 nm?
and Vg = - 250 mV

ON state

35.0nm (a)

-0.01pA

0.0

Write-in

2.0um |
-0.60pA

OFF state

35.0nm (a)

-0.7nA

0.0

Erasure

2.0um
-10nA




B IR Transparency
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U Sulphide glasses )
. Y  Selenide glasses -/

—

" “YTelluride glasses

20 um

_/

+ High refractive index
+ Easiness to put in film form

Integrated

interferometer
\

%nsitive

zZzone

Change in the
evanescent wave

~

Promising materials for

Environmental metrology
Microsensors for detection of
pollutant gases

IR integrated optics

Feasibility of channel waveguides

Optical amplification
Waveguide for active
components

Biology
Microsensors for biological
monitoring




‘waveguide development

Lateral confinement of light

B

Laser writing

Etching

Embossing




-I/vaveguide development

P,=500 kPa

= e q— Transparent
T°pt 220°C chamber

Hot embossing

_~ I

e :
I < Oless sample

I

o

-

Flat aluminum pl
for heating

Each part not to scale
D b———o H0jm

Accurate relief replication
SOI mould of the holes in the surface

WD f———————] Sum
15.0

Accurate relief replication of
the silicon mould of a series
of embossed ribs

W.J. Pan, D. Furniss, H. Rowe, C.A. Miller, A. Loni, P. Sewell, T.M. Benson, A.B. Seddon; J. Non-Cryst. Sol. 353 (2007) 1302—-1306.

300 nm



-mel waveguide development

W), Components for spatial interferometer

Darwin mission: The Darvy.in flotilla

Detection of exo-planetary systems
High contrast and very faint angular separation
between an earth-like planet
and its parent star:
mid and thermal infrared [6-20 pum]
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-ide development

¥ Requirement

===, Materials transparent between 6 — 20 pym _ _
=, large dimension

===, Single mode waveguide

M Design of component

s, Spectral domain [6 — 20 um] divided in two sub-bands
[6 — 11 um] and [10 — 20 pm]

s, Considered structure with n, = 3,44 + 0,02: rib waveguide

[6 — 11 um] [10 — 20 pm]
I5+1pm 36£2um
I | j ——
1202 pm | My | 4.5um 24204 pm | Uy ZIE
i +0,15 um +0.3 pm
sub Ny 'l

Walls with an angle comprised between 70 and 90 °



Film deposition Film etching

| / ml
substrate

Substrate composition Core layer composition

Teg,Ge,g amorphous film

Te .Ge,.Ga,, bulk glass [X. Zzhang (Rennes)]

e transmission between [4-20 ym]
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e high refractive index _ N
(at A =10.6 um, n, = 3.3990 + 0.0015)  optimal composition: n,=n, + 4,102



B Photolithography B Reactive ion etching

B v CHF; ., for chemical etching |
Substrat v |asma .
P = F Highly selective
l i lv l l & l i Lumigre UV v Reaction with Te and Ge
I Increase in
R:,:l: /\ , etching rate
Film = TeFy, TeF, GeF,, GeF, but isotrope
Substrat
i v O, == enhancement of F*
Résine
Film Anisotrope
Substrat v Ar == for physical etching but non selective

positive resist S.18.18
2 Jm in thickness



B Optimization of etching gas
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B Reactive ion etching with optimized gas mixture

Optimized CHF,;/O,/Ar ratio
= 59.5/10.5/30

CHF;/0,=85/15
% Ar =20



IS icecvercomen

Rib waveguides [6 — 11 pm]

[5+1pm

—

120.2 pm I e Y A 4.5um
+ 0,15 pm




-#;uide development

Rib waveguides [10 — 20 pim]
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—
et ]
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Tests carried out in
spectral region
[115 — 515 p'm]




Surface modification

b1 Use of intrinsic properties of chalcogenide

(photoinduced phenomenon + ion mobility)

M Use of conventional techniques (hot embossing, etching)

Development of components based on intrinsic property of chalcogenide
(IR transparency)
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‘tion de guides d’onde: Gravure

Waveguide fabrication by plasma etching Waveguide fabrication by lift-off
. [l ]
Gey3SbsSy deposition Resist coating
i gy By &
UV exposure 4488
N
- — U cxposure
o]
Timed development
‘ ‘ Development
— 0, plasma resist etching
to expose GenSbrSy film
Gepznbyow deposition
Plasma etching
Residual resist removal

B . E—— - " 5UB coatin
BT SUS polymer coating Ge,,Sb-S,, channel e
waveguide

J. Hu, V. Tarasov, N. Carlie, L. Petit, A. Agarwal, K. Richardson, L. Kimerling, Optical Materials 30 (2008) 1560-1566.



