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Vacuum valves and fittings
for automated sample
compartment venting and
re-evacuation of purging

Electronics unit with
LED indicators of the
instrument status HeNe quadrature
sensing control laser Unique four position automatic
beamsplitter changer unit

BMS-c option

High resolution TrueAlignment
UltraScan Interferometer with
wear-free arr bearing scanner

Internal beamsplitter
storage positions
{without BMS-c
Possible positions for option only)
externally vacuum tight
adapted detectors such as
liquid He cooled bolometers for
the far IR/THz spectral ranges

Detector compartment with
selectable DigiTect positions
for room temperature and
LN, cooled detectors

External input
beam ports.

Optional automatic sample
compartment shutter

26 positions internal validation unit
and 12 positions aperture wheels

Removable and vacuum tight sample

compartment front side flange Internal source module

External QuickLock accessory release
button for easy exchange of internal

measurement accessories Remotely controlled beam exit ports
Standard QuickLock with vacuum tight window flanges

Transmittance sample mount
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Experimental observables *

Parallel plate sufficiently thick to avoid the
observation of interferences

_ 2 2
Reflectivity p _m-D +k
C(n+ 1)+ k2
(1 - p)?r?
Reflectance Ry, = p [1 + T
_ 1—p 1—p?
Mt T 1= peee
and

(1-p)(1-1)
1—prt

* Measurement at near-normal incidence
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Emittance measurement
Lgg (w, T) L(zzr, T, 9)

Directional spectral emittance measurement
Ratio of the intensities emitted by the sample and a
blackbody in the same conditions

Ny
- L(w ) \
E(w, T, 9) 7 7 C?
BB (?U; ) \
T
____________ Blackbody
|deal radiator whose spectral intensity is given by the
Planck’s law 3000 K
N 2500 K s
2000 K mossmm
. R C,w3 C 1500 K s
LBB\(W» T) — o S 1000 K s
| exp( zAw) —15
T
&
C, =1,191043 1076 w.m?.5r~1
C, = 0,01438777 mK

. 0 5000 10000 15000 20000 25000
Kirchhoff’s law 70 - Wavenumber (cm-1)
At LTE, spectral absorptance 4 and emittance are equal

A(w) = E(w)

O D. De Sousa Meneses, P. Melin, L. del Campo, L. Cosson, P. Echegut Infrared Physics & Technology 69 96-101 2015
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Infrared emission spectrometer
Bruker Vertex 80v and Vertex 70

' Measurements
Reflection R
Transmission 7T’

’RégiFrT F
@ Centre

Infrared microscope
D. De Sousa Meneses, P. Melin, L. del Campo, L. Cosson, P. Echegut Infrared Physics & Technology 69 96-101 2015

USTV SCHOOL ON THE CHARACTERIZATION OF GLASS STRUCTURE/ November 18-22 2019 4



. v
SlOZ 1 w A .
- 3 Single crystal
Reflectivity - p “er | Z)\ 1| Anisotropic infrared

g 06 “ | S _ response.

8 | N Activity of normal modes

& 0.4 - Wi 2 m .
I S (phonons) fixed by crystal

0.2 /- S - | symmetry and infrared
. | ] spectroscopy selection rules
0 500 1000 1500 2000

Wavenumber (cm™1)

From experimental observables to physical properties

0.8 3 T T T T T T T
., silica glass s - crystal % 0 crystal  I—
0.6 |- 5 40 i *§ 120 | i
. B 2
Z 05| 1 52 / < 100
2 ) § 0
g 04 : 0 V — 3
¢ 031 1 2ot - ; o0
—_ ©
0.2 s §740 | | % 40
0.1 - . E 20 i
_60 - -
0 L L I I I I I 0 i;l [N L L \ S
400 600 800 1000 1200 1400 1600 200 400 600 800 1000 1200 1400 1600 200 400 600 800 1000 1200 1400 1600
Wavenumber (cm-1) 10 . l T T T T 12 T T T E—
gLass
o Y s, glass PL |
2 6 , g
e 2 gL i
2 4 1 5
Glass : =
.. = Y —
Isotropic infrared response. g v °
. % 0 2
The complexity of the glass s 5 4
. . S 2 4 £
structure is revealed by its polar ¢ g 2
vibrational dynamics. oL J | | | B L L A
200 400 600 800 1000 1200 1400 1600 200 400 600 800 1000 1200 1400 1600
Wavenumber (cm-1) Wavenumber (cm-1)

USTV SCHOOL ON THE CHARACTERIZATION OF GLASS STRUCTURE/ November 18-22 2019 5



Complex refractive index extraction — inversion methods
IR-Visible-UV spectros Ellipsometry ' .
Ry|Rs | p |Ru| T | E w | 4 Semi-transparent media

RM RM TM=1-RM-E RM=1-TM-E
Rp —r 4 . TM E

1
1 Several inversion methods necessitates the |
1
_l

R : knowledge of two experimental quantities. _ Ry(Ry —2) = TZ =1+ /TL+ T2 — Ry Ryt — 22 + 4Ry (Ryy — 2)
° B Y R R B B B 2(Ry — 2)
1 (Ry
1+ p@) + /4 @) — (p(@) — 1)*k(@)?
n(w) =
1-p(@)
B ln(r(w))
k(@) = - 4nwd
(V4 E Under certain conditions, 1 i Semi-infinite media
» measure may be sufficient to : 1+ tan(W(@))eid @]’
A |1 determine the indices i n(®@) + k(@) = sin(8o) |1+ [1 ~tan(W(e) )o@ " 0o)
""" [ A S A E— VAL e of incid
o- gle or Inclaence
KK | Inversion method using the Kramers-Kronig relations
— 2 -sinld
5(m,) = — f L lp@)de (@) = L @) k() = pla) sl
@ + Wyl dw 1+ p(@) — 24/p(@) - cos[6(w)] 1+ p(@) — 2y p(@) - cos[§(wm)]

D. De Sousa Meneses, J-F. Brun, P. Echegut, P. Simon Applied Spectroscopy 58 (2004) 969-974
Kramers-Kronig Relations in Optical Materials Research, Lucarini, V., Saarinen, J.J., Peiponen, K.-E., Vartiainen, E.M. Springer Series in Optical
Sciences, Vol. 110 (2005)
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Complex refractive index extraction — inversion methods
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ered media

odels = disord

Dielectric functi

Lorentz model Single crystals
2

e(w)—eoo+z 2
2 —w — iyj@

The Lorentz d|eIectr|c function model (DHO - Damped Harmonic
Oscillator) used for the adjustment of crystal spectra is not suitable
for glasses.

_________________________________________________________________

v-SiO,

Causal Voigt model

disorder Allows to account for a Gaussian (G) broadening of a Lorentzian
A absorption profile (L).
ey (@) = €5 + Z Vi (@) = €0 + Z V (w; 4, w;,v},0))
J J

V(@) = Vi(x, )

A [ 3 (W(x - X+ iy) + w(x + xj + iy)) R (W(x —Xx; + iy) — w(x +x; + iy))
£ 1 1 T T =A4;|- . i -
; J £ (|_ G) Eiglggi R(w(iy)) R(w(iy))
5 0.8 o= ' -
Q (o) ) (20, 88) .
3 (50, 68) 2vVIn2 2vIn2 _Y
S 0 7> (0 39) —— x=——"w X = > @; y 5 In2
9 j
S o4t (yJ’ O-]) to
- [ e”
S 0ol | Faddeeva function: w(z) = - j p— dt = K(x,y) +iJ(x,y)
g _
0

600 700 800 900 1000 1100 1200 1300 1400

Wavenumber (cm1)

D. De Sousa Meneses et al. J. Non-Cryst. Solids 351 (2005) 124-129.
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s — disordered media

Dielectric function model

Convolution model
Expression based on a Gaussian distribution of

damped harmonic oscillators 1.4 1 i ‘ —
N2 g > Vi Gaussian
ex _1(x—w; S 12 L ) J Convolution i
S; +00 €XP | 75 a; g Voigt --------
e(w)=eoo+z—j dx ¢
2 _ 52 _ g L . |
- w/zngj e X:P—w?i—iyw S 1 N A] Ja
O ‘\ | \‘
5 0.8 |- \ [ -
H. Hobert, H. H. Dunken J. Non-Cryst. Solids 195 (1996) 64-71 b ’ \ :.‘ \
A. M. Efimov, J. Non-Cryst. Solids 203 (1996) 1. Q 0.6 I \ | \ ]
T. G. Mayerhofer et al. J. Non-Cryst. Solids 333 (2004) 172-181. 2 ' \ — O'] | ’:‘
[ e § 0.4 1 \\\ [ '~ |
I . . : |
! The Voigt and convolution models have close { o \ / \
\ i “
| absorption profiles for high frequency modes with | £ 0.2 - \oid of L.f \ ]
) low inhomogeneous broadening. The difference | . 1 N\ : J L J \
1 1 e -_ / NS
1 1
can be large at low frequency. . 0 200 400 600 800 1000 1200

Wavenumber (cm-1)

Causal Gaussian model
Allows to take into account several components having a Gaussian

absorption profile respecting the causality principle.

£(@) = £ + 3,2 [D (Zx/ln_Z m‘f’f') -D (2\/171_2 w;j”f)] +i4 [exp (—4ln2 (w:’f')2> — exp <—4ln2 (w:"”f)]

0j

Dawson function:

D. De Sousa Meneses, M. Malki, P. Echegut, J. Non-Cryst. Solids 351 (2006) 769-776.
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Temperature measurement at the ChristiansenpointQ n=1k<«<1-E=1

Retrieval of the complex refractive index N(w) = n(w) + i k(w)
Fit of the data with the following parallel plate model of emittance (E):

(A -p)A -1 (=12 +k?
 1-p1 P+ D2+ k2

T = exp(—4mkwd)
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Fit with a dielectric function model

Dielectric function : €(@) = [N(@)]? "
Causal Gaussian dielectric function model for glasses J

£(@) = £ + 5,20 [D (2\/_ w“”f) ) ( w'j”f)] tiA [exp <—4ln2 (w;;”f)2> - exp( _4ln2 (“*j"’ff)]

—i T
D is the Dawson function J

2um Y

Examples of fit of emittance spectra of a silica glass o 4
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Complex refractive index of the silica sample
10pum
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Fit of the reflectivity with different models

(Cao)x(PZOS)l-x glass

Reflectivity
©
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Convolution model Voigt model

The causal Gaussian dielectric function model represents a good
compromise in terms of quality of fit and simplicity for the analysis
of the infrared response of most of glasses
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Imaginary dielectric function
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Fits of reflectivity with a Gaussian dielectric function model
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Fits of reflectivity with a Gaussian dielectric function model

Dielectric function Reflectivity

Imaginary dielectric function
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infrared response of silicate glasses
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Infrared response of silicate glasses
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Inversion rate in IVigAl,O, versus tempe
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Dynamics of a silica glass versus temperature
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K50 - SiO, glass system
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K5O - $i0, glass system
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K,0 - Si0, glass system : short range order
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SiO; thin film implanted with Krypton
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Stfructxuuraul» relaxation of a 5|I|cate glass
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Infrared response of aluminosilicate glasses

Ca,Al,SiO; glass BaAl,Si,Og glass ZnAl,Si,0g glass
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Infrared response of aluminosilicate glasses

Crystal structure of gehlenite
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Infrar

ed response of aluminosilicate glasses

Crystal structure of BaAl,Si,Og (paracelsian)
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ZnAl,Si,0g glass
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Vincent Vercamer [REF Vercamer]
Spectroscopic and Structural Properties of Iron in Silicate Glasses.

Material chemistry. Université Pierre et Marie Curie - Paris VI, 2016
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asses containing iron
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Silicate glasses containing iron
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Intervalence Charge Transfer (IVCT) @

Transfer of an electron between two adjacent Fe?*-Fe3*ions.
Strong increase at high temperature in the melt
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in the soda-lime oxidized glass (NCS050x)
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Conclusion

Infrared spectroscopy is a powerful tool to investigate the structural
and optical properties of glasses and melts at high temperature.
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