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Vrstvy nanokrystalickeho diamantu

]
o MWCVD - chemicka depozice z par podporena MW plazm:

71 ochranna vrstva: o extrémné tvrda
o chemicky intertni

o vysoce tepelne vodiva
- NCD funkcionalizace o smadivost

o /OH

N o N ™ w a ok o el. vodivost

o bio-compatibilita

NCD H-term. ~ NCD O-term.



Planarni opticky vinovod (POWG)

cover n,

core n,

substrate n_

podminky Sireni svetla: n, <n; >n,
+ pricha rezonance

- mode: a stable field distribution in the propagation
direction with only a periodic transverse dependence

o TE a TM maody = s- nebo p-polarizace
- jednomaodovy vinovod (single-mode): A, hy, n,



POWG pokryté NCD diamantem

NCD-POWG adsorption

monitor

, : o
povrchova terminace: ®®

funkéni citliva vrstva

adsorbed molecules

- absorpcni vrstva (nekolik nm): pary & kapaliny
- zeslabeni optickeho signalu
o Integrace & citlivost



Redeni modifikované disperzni rovnice
-4
2D

- model planarniho vinovodu: vyska <<
Sirka
o efektivni index lomu

2 2 2 2
27Zh1‘ 2 2 t neff _ns t neff _nc
f o Ueff f o Veff

TE: Pt = pfc:lv TM: Pt=—"7 P =

- bez opticke absorpce



POWG design & simulace

o
. , . ns’ nf’ nc ’ ’ ’ —
disperzni rovnice > modova analyza
A
/ — 0-D resSeni
- Ny Negr
V SM podminky
B BM analyza
FEM simulace
COMSOL
Ui » OneD » Oads COMSOL
2-D EM pole

zeslabeni signalu TE; modu



Vypocty modu

1550 nm
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- 1-modovy vinovod pro 1550-2000 nm:
hg; =150-320 nm

- 280 nm zvoleno pro FEM simulace



FEM simulace

COMSOL Multiphysics (RF module, verze

-5.0) = .
VX(éﬂE':‘) —)koerE=0 o nemagnetické prostredi

E(x, Y, z) = E(x, y) exp(—ik,2) o feSeni ve frequency
domain
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Definice, geometrie, parametry

a_Si_abs.mph - COMSOL Multiphysics
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Definice, geometrie, parametry

D-a_Si_abs.mph - COMSOL Multiphysics
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Okrajove podminky

D-a_Si_abs.mph - COMSOL Multiphysics
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D-a_Si_abs.mph - COMSOL Multiphysics
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D-a_Si_abs.mph - COMSOL Multiphysics
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Postprocessing
-4

_ freq(1)=1.9341E14 Surface: Electric field, x component (V/m)
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Postprocessing
4

Plot (F8)
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Postprocessing
-4
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Postprocessing — profil modu
- J
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Vysledky simulace POWG

N
Sireni svetla v TE; modu pri 2000 nm

Ny = 3.025, hg; = 280 nm, hy ., =50 nm _

A 3. 07x1o“ V/m
x10

Sl H 0
glass

v -3. oesx1o4

- evanescentni vina vyhasinajici ve vzduchu a ve skle
- monitorovani nm-vrstvy bude mozné




Vysledky simulaci — utlum svetla
.00

: S 10, P Y
Gtlum signalu: attfdB/cm]=——log—2t L -delka
L " PR, vinovodu ve

smeru Sireni

/P
COMSOL: S,, parametrg,, = ~—== S,,dB=20log S,
(ewfd.521) VP (ewfd.S21dB)

POUt
relativni pokles vykonu: p

N o
=S

S,.dB

utlum signalu:att = —

absorpce: obecné komplexni S-parametryS =,/SZ +SZ,
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Viiv kvality sité

maximalni velikost prvku: A/n,
n=10 n =40
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S21dB bez absorpéni

vrstvy(dB)
10 198314  3.207 -0.004861
20 198572 3.207 -0.004852
40 200520 3.207 -0.004846
60 203936 3.207 -0.004845




Viiv kvality sité

N
rozmer prvku v absorpcni vrstve: h,, /ny.pe

A =2000 nm, h,, =5 nm, absolutni max. rozmér prvku = A/20

cm-l

7 322226 62.8 -0.0010103 2.0206
5 198314 62.8 -0.0010103 2.0206
3 105968 62.8 -0.0010103 2.0206
2 65460 62.8 -0.0010103 2.0206
1 29620 62.8 -0.0010104 2.0208
3 105968 0 -0.0007/812 1.5625



VlIiv vzduchu a skla

vyska pridane vzduchove vrstvy: h;
vyska spodniho skla: Nglass
2.05 I . I . I . I . I 2.5 I
T
1.95 - -
1 23
1.90 E
g 1.85 - -;"2'2 i
£ 180 | 2.1 '\
175 B . . ]
| 2.0
L70 Oil | 012 | Oi3 | 014 | Oi5 Oil | 0i2 | 0?3 | Of4 | Oi5 | 016 | Of7



Vysledky simulaci— utlum v NCD

bez absorpcni vrstvy 4,

1550 nm

hg; = 280 nm, TE, mod

LB | T — T TT

attenuation, dB/cm

o silne zavisle na A Nycor HM
- absorpce v NCD ovlivauje sireni svetla vinovodem



Vysledky simulaci— s adsorbovanou

VIStvou
- K _=BOPM A=%2000
NCD ’

3.0 T T T T T T T T T T T T

+ 5 nm adsorbovana vrstva
, 30
% - 5 | toluen, etanol, glukoza =
o o
° freon 113 | aQ
c VOda ~251L oy = 62.8 cm’
2 20} S <
© =
5 | ©
s NCD bez absorberu -
E 151 _ g 20+
© a,, =6.28cm™
/./.
10 . 1 . 1 . A A 1 . 1 . 1 . 1 15 . \ . \ . \ . |
0O 20 40 60 80 . 100 120 140 0 5 10 15 20
o, Cm ha 4o M
- smernice X «
o viiv hJ/hyep ads

- citlivost Ize naladit délkou osvicené ¢asti vinovodu



Vysledky simulaci — monitorovani

adsorece
-

pokles intenzity na 1 cm

vinovodu

05k
AP/P0
04+
o3qi/ﬂﬂ/,,,,ﬂ,-/~f~ff”””'
03 1 . 1 . 1 . 1
5 10 15 20
h ., nm

ads

pokles intensity pri transmis
15 : : , . , . ,

1.3e-6
10 +
AP/P,
x10’
Sr 3.1le-7
o, =6.28cm™
[ 1.3e-7 |
S'W
o N 1 N 1 N 1
5 10 15 20

h ., nm

ads

- 0 nékolik radu vyssi citlivost nez transmisni spektrometri



Vysledky simulaci — monitor adsorpce

]
rychly monitoring a fizeni adsorpce v realném
case
)

40 6o




Sifeni svetla planarnim vinovodem s absorpci v
kryci vrstve vyreseno FEM simulacemi ve 2D

vysoce citlivy monitor adsorpce NCD/a-Si:H
POWG v IC oblasti je mozny

moznosti rozsSirfeni vypoctu:

o 3D geometrie

O navazani a vyvazani svetla

o vliv rozptylu na hrubém rozhrani ?

Podékovani ) ]
Zdenék RemeS remes@fzu.cz

Grantova agentura CR, projekt &. 14- Vaclav Prajzler prajzler@fzu.cz
0O5053S
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NCD for photonics — optical properties
- J

- Nanocrystalline diamond films (NCD)

Optical absorption: sp? carbon & deposition

10° 5

A - 200 Pa

-
=

B-10Pa
C-6Pa

—_
<
X

M. Varga et al, Phys. Status Solidi B
vol. 249, No. 12, 2635-2639 (2012)
DOI 10.1002/pssb.201200154

Optical absorptance

-
=
(A

L] Ll l L I T
0,5 1,0 1.5 2,0 2,5 3,0 3,5 4,0
Photon energy (eV)




NCD for photonics — optical elements
-4

ATR FTIR spectroscopy ng
FTIR of diamond nanonparticles ~ DNPs on NCD
D \VAVAVAVAV. 4

Remes et al., Appl. Surf. Sci. 270 (2013) 411 - 417.
GAR FTIR spectroscopy

Remes et al., Diam. Relat. Mater. 20 (2011) 882 - 885



CVD diamond for photonics — photonic

crxstal
1

transmission efficiency

350 nm 25 20 15 10 5 0 5 10 15 20 25
incident angle 6 (°)

L. OndiC et al., Scient. Rep. 2:914 (2012), DOI:
10.1038/srep00914

- selected wavelengths couple and propagate
along
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Nanocrystalline diamond films (NCD)
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Optical absorption of NCD and a-Si:H

1500

1250

1000 - a-Si:H (n= 4.86-3.64)

Q, cm™

750 |
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250 NCD (n =2.49-2.34) 1

ok
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A, M
- absorption of a-Si:H in IR rather small

- NCD absorption in coating: influence on light
propagation in POWG to be assessed by FEM
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