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les diélectriques.

L ielectriques sont une classe importante de matériaux électroniques et notamment pour la

~ microélectronique et l'optoélectronique. Les applications incluent un large éventail d'applications
de dispositifs, y compris des dispositifs actifs tels que les transistors et leur isolation électrique,
ainsi que des dispositifs passifs, tels que des condensateurs.
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les diélectriques.

o Les diélectriques sont omniprésents dans toute la structure de un circuit intégré. Les applications
incluent les diélectriques de grille, oxydes tunnel dans les dispositifs de mémoire, condensateur
diélectriques, diélectriques d'interconnexion et isolation les diélectriques, ainsi que les applications
sacrificielles ou de masquage pendant le processus de fabrication du circuit.
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Fig. 26.1 Venn diagram showing how ferroelectrics fit into
the different classes of dielectric materials

o Un milieu est diélectrique, s'il ne contient pas de charges électriques susceptibles de se déplacer
de facon macroscopique. Le milieu ne peut donc pas conduire le courant électrique, donc, par
définition un isolant électrique. Quelques exemples de milieux diélectriques : le vide, le verre, le
bois sec, de nombreux plastiques, etc...
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Advantages of ZnO:

o large bandgap include high-temperature and high-power operation,
o lower noise generation,

o higher breakdown voltages,

o and ability to sustain large electric fields.



Most of the group II-VI binary " VI
compound crystallize in either cubic o

(Wz) structure.

zinc blende or hexagonal wurtzite /
o

covalent bonding nature
Or
a substantial ionic character
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Figure1.1 Stick-and-ball representation of ZnO crystal structures:
(a) cubic rocksalt (B1), (b) cubic zinc blende (B3), and
(c) hexagonal wurtzite (B4). Shaded gray and black spheres

denote Zn and O atoms, respectively.
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Table 1.2 Measured and calculated lattice constants and the u parameter of ZnO.
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Figure 1.9 Total energy versus volume (both per ZnO formula . AL L
unit) for the three phases: zinc blende (squares), wurtzite — s
125 - 5208
(diamonds), and rocksalt (circles). The zero of energy is the sum "f: 0
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Electronic Band Structure

Table 1.3 Calculated and measured energy gaps E;, cation d-band
positions Ey, and anion p valence bandwidths W, (all in eV) of

Zn0.
LDA-PP LDA-SIC-PP Experiment
E; 0.23 3.77 3.4
E, —5.1 —8.9 78
Wo —3.99 -5.2 —5.3

After Ref. [48]. LDA-PP: local density approximation — pseudopotential. LDA-SIC-PP: local density
approximation — selfinteraction corrected pseudopotential.
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Figure 1.12 (a) LDA bulk band structure of ZnO as calculated by
using a standard pseudopotential (PP) (left panel) and by using
SIC-PP (right panel). The horizontal dashed lines indicate the
measured gap energy and d-band width. (b) Comparison of
calculated and measured valence bands of ZnO. The left panel
shows the standard LDA, while the right panel shows SIC-PP
results. (Courtesy of . Pollmann [48].)
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Figure 1.14 Band structure for ZnO: (a) B4 structure at p=0, (b) B1
structure atp = pry, (c) B2 structure atp = prz. (Courtesy of |.E. Jaffe [18].)

Figure 1.15 Total density of states for ZnO in the (a) B4 structure
atp = 0and p = pry and B1 structure at p = pry, and (b) B1 and B2

structures at p=py;. (Courtesy of ).E. Jaffe [18].)
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~ Electrical Properties of Undoped ZnO

Electron Carrier

mo bility concentration
Sample [em'v 57} References  [cm ™)
Monte Carlo calculation M 1 58] —
Bulk Zn0 grown by 205 [159] 6.0 101
vaparphase
transport method
Bulk Zno 13 (296 K], [164]] 5052 10" (296 K],
grown by 208 (77 K 3643 10
pressurized melt method 77K
Bulk Zn0 grown by hydrothermal method 200 [161] £x 10" (Li compensated)
Zn thin films grown on e-pline sapphire 155 (162 20 10"
substrates by PLD
Zn0 thin films grown on e-pline sapphire 130 163 1.2 10"
grown by MBE
£n0 thin Alms grown on @-plane 120 1164 T 0= 108
sapphire by MEBE
Ltig oM 07200 heterostructure 130 163 88 10" (areal concentration em ™
grown on ¢plane sapphire by PLD
Zn0 thin films grown on epline sapphire 145 166, 167]  1.2x107

with Zn0fMg0

double-buller lavers grown by MBE

Zn0 thin films grown on MgZnO-bulfered 440 1168] 1% 107
ScAlMgDy substeates by PLD
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Figure 1.36 Temperature dependence of the maobility of the
ZnMn0 [Zn0 heterostructure [circles) and the 1im thick Zn0

single layer [squares) control sample. (After Ref. [165].)
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Table 1.12. Dielectric constant and optical phonon energy (meV) of wurtzite type
materials except rocksalt type MgO

l(0) =+ (0) e!l(00) et (o0) o wro k wro
BeO 7.65 [37] 6.94 [37] 299 [37] 295 [37] 1352 [37] 7.2 [37]
MgO 9.8 [21] 2.95 [21] 922 [21] 494 [21]
ZnO 8.49 [38] 7.40 [38]  3.72 [38]  3.68 [38] 72.8 [39]  51.0 [39]

Table 1.5: Static (ep) and high frequency dielectric constant (e~ ) data for

ZnO [40,41].
Film [41] Bulk [41] Bulk [40]
€0 Elc 7.46 777
E| c 8.59 8.01
€no Elc 3.7 3.6 3.68

E| c 3.78 3.66 372
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Figure 1.11: Refractive index dispersion of ZnO for E L ¢ and E || ¢ below the fundamental

absorption edge. The solid circles represent the spectroscopic ellipsometry data whilst the

solid line is calculated data. [Reprinted with permission from H. Yoshikawa and S. Adachi,
Jpn. J. Appl. Phys. 36, 6237 (1997). Copyright 2004 by Jpn. J. Appl. Phys.]

12



Le SiO, est utilisé de facon quasi-incontournable, d’oxyde de grille dans les dispositifs
FET (Field Effect Transistors). Dans la structure du MOSFET, l'oxyde de grille (oxyde ou
bien diélectrique ) isole électriquement la grille et la zone de canal.

Le SiO2 posséde plusieurs avantages remarquables :

sa formation naturelle avec le Si

O une faible densité de défauts dans le volume et a I'interface Si/SiOz .

O une haute résistivité électrique (=10 £ cm)

O une large bande interdite (g9 eV) ...
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Table 27.2 Properties of 510,

Si—5i bond length 3124

Si—0 bond length 1L62A

O0—0 bond length 22374

Mean bond angle 1447 (tetrahedral bonding)
Bond angle range Bi—0—58i: 110 o 1807

Thermally grown (fused silica) 220

ﬁ 2.65
Thermally grown (fused silica) 1.460
Quartz 1544

Thermally grown (fused silicay  3.84

Quartz 385
Bandgap
Thermally grown (fused silica) oV
ﬁ == 9.0eV
Thermally grown (fused silica) 10 MY /cm
Quartz == |DMV/cm

Pressure Temiperature (°C)
(Tomr) G600 TOO 800 OO0 1000 1100 1200
10']
10!

Si + 0y —= 5i0s(s)
107 Si0; formation

10
107
1

il

10t

1w

1.2 1.1 1.0 0.9 0.8 0.7 0.6
1000/ T (K"

Fig. 27,16 Pressure—temperature phase diagram for thin
Si02/8i. (After [27.76], © 1997 AIP. with permission)
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Fig. 27.13a,b Phase diagram for SiO,. Inset: bonding configura-
tions for the O—Si—O system. (a) Tetrahedral unit for the Si—O
bonding arrangement. (b) Bond angle # defined for O—Si—O
bonds. (After [27.41], IOP Publishing © 1994, with permission)
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Table 27.k Comparison of relevant properties for selected high-k candidates. Key: mono. = monoclinic; tetrag. = tetrag-

onal
__ ‘Band gap E (€V)  AEc(eV)toSi _
Si0; 8.0—0.0 32-350
SiaMy 7 48 —53 2.4% Amplm.
ALO; 9 6T —87 212 —28b Amorphous™
Y04 114—15 5.6—6.1¢ 23k Cubic
Sca0y 13 6,08 Cubic
Zrin gpd 550 —58d 12— 1.4 Maono.., tetrag., cubic
HfO, 224 5.5 —6.0 15— 19 Maono., tetrag., cubic
Layy 30 6.0 23k Hexagonal, cubic
TazOs 26 4.6 0.3 Orthorhombic
Tio, 80 3.05—3.3 2 0,050 Tetrag. (rutile, anatase)
Zr5i0y 124 6 —6.5 1.5% Tetrag.
HfSi0, 12 6.5 150 Tetrag.
YAID; 16—17d 7.54 L
HfALO; 10° — 188 5.5—a.4" 3—2.3" 2=
LaalOs g54 5.7 LE
SrErs kL 54 LES
HFSION 12—174 6.0 2.0t Amorphous

* (y-Al203 phase) has been recently reported [27.143], ** Onset of crystallization hﬂﬂmﬂmﬂ,
21271441, ° [27.145-147]. © [27.148]. 9 [27.149], © [27.150], T [27.148]. & [27.151]. ¥ [27.152].  [27.153], ] [27.154]. k [27.155]
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