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o/ Introducio

» Uso de diferentes tipos de filmes - 4 grupos:
— Oxidos térmicos
— Camadas dielétricas
— Silicio Policristalino e
— Metais.




\/ Na fabricacao dos Cls:

O projetista de Circuitos Integrados gera um desenho
com regides com condutividades diferentes a
serem gravadas sobre a lamina de Silicio!

Projeto de CI CI sobre o Silicio

O projeto
do CI
exige a
definicao de
regioes
NeP




Encolhimento do
Transistor

Em 1999 previa-se que

! teriamos em 2003 um

! comprimento de canal de
0,05 um

Gate oxide thickness, nm

Este canal exigiria uma
: R SRR SR SR A fos
ooz 05 01 02 05 1 _ espessura do 6xido de
MOSHET channel length, yn 2 nm ou 20 angstrons !!

[1] As IC manufacturing technigues progress, CMOS devices with
shorter channel lengths will switch faster and use less power.
Lower power-supply and threshold veltages (V4 and V,) and

thinner gate oxides (t,,) will accompany the shrinking channel

lengths. Transistors built between the years 2003 and 2006 will Onde estamos h()j 4
have a minimum channel length of 0.05 pm, a power supply volt-
age of 1.2 V, and a threshold voltage near 0.25 V. Qual 0 dlelétrlco utlllzado‘?
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Schematic view of a MOSFET cross section.
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*  Various oxides are grown or oo owEoxoe  osueon OX0E
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depostted to insulate or protect - y

¢ MOSFET
the formed trans stors Schematic view of a MOSFET cross section.

* Deep Field Oxdes are grown to
isolate each transistor from its
adjacent partners

¢ Dielectricisolation oxides are
deposited to insulate the
trans stors from the
interconnecting layers which
will be built above

* Pasavation oxides are later
deposited on top of completed —
wafers to protect the surface L ===

N/ Tipos de Oxidacao
 Varios tipos de oxidagao:
— Térmica

— Anodizag¢ao eletroquimica

— Deposigdo e

— Reagdo por plasma

Depois de limpas através da limpeza RCA, as laminas de silicio sdo colocadas

em um forno a alta temperatura (900°C < T < 1200°C) na presenga de
oxigénio ou agua, onde ocorre a seguinte reagio:

Si + 0, — SiO,
or
Si + 2H,0 — Si0, +H,

A espessura do 6xido pode se prevista através de um controle preciso da

temperature e do tempo de oxidacdo.




\/ O Forno de Oxidacao
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Schematic cross section of a resistance-heated oxidation furnace.
The silicon wafer loading area is shown in a laminar hood.

N/ O Forno de Oxidacao

Fornos de oxidagao:
- pressao atmosférica (tubo aberto)

- automatico




Forno de Oxidacao
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Fornos de oxidagao:

- precisdo da temperatura

Variagao < 1°C na regido de TN
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N/

A Reagdo quimica
Si(solid) + Oj(gas) ————= SiOy(solid)

Si(solid) + 2H,O(gas) ———> SiOx(solid) + 2Hy(gas)

$i0, SURFACE

IORIGINAL Si INTERFACE | 7
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SILICON SUBSTRATE

Growth of silicon dioxide by thermal oxidation.




\/ Volume e Espessura

Molecular weight of Si ~ 28.09 g/mole
Density of Si © 233 g/em’

= 12.06 cm?®/mole .

The volume of 1 motle silicon dioxide is

Molecular weight of SiO;  60.08 g/mole

= 27.18 ¢cm?/mole .

Density of SiO, 221 g/em®

Thickness of Si X area _ volume of 1 mole of Si
Thickness of Si0, x area  volume of 1 mole of SiO,
Thickness of Si 12.06

= = 0.44
Thickness of SiO, 27.18

Thickness of silicon == 0.44(thickness of Si10,).
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N/ Estrutura do SiO,
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Two dimensional representation of a
Basic structural unit of silicon dioxide. quartz crystal lattice.

Two dimensional representation of the amorphous structure of silicon dioxide.

\'/ OXIDANT
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Co is 5.2 10" molecules/cm?

- X C, at the surface of silicon

Basic model for the thermal oxidation of silicon.

D is the diffusion coefficient
x is the thick ness of the oxide layer already present.




dc D(Co—-Cy)
E Fl - D — ~
\/ dx X
F2 f— sz
k is the surface reaction rate constant for oxidation.

Fy=F,=F.~

Equacionamento

DCy
T x + (D/k)
d« F  DCy/C
T C, x + (D/k)
2DC
x? 4+ Eod x = ° (¢t + 71 7=(d2+2Dd,/k)C/2DC
k C,
D 2C, kNt + 1)
= | — 1
X e \/ + DC,
N/ Equagdo de crescimento do oxido

X A{\/lJr (t;rr)l}
2 A48

Para tempos longos (t >>1) o processo ¢ controlado por difusao
através do oxido = lei de crescimento parabolico

X 2 =Bt

Para tempos curtos (t <<t) nao depende da difusao dos
oxidantes =® lei de crescimento linear

B
X, =—({+7
o=+




&/ Aproximacao:

. 2DCy
Parabélica larger values x =~ — ¢ + 7
i
) Cok
Linear small values x ~ t+ 7

Para tempos longos (t >>T) o processo ¢ controlado por difusdo
através do oxido = le1 de crescimento parabolico

2
X 4 =Bt

Para tempos curtos (t <<t) ndo depende da difusdo dos
oxidantes =P lei de crescimento linear

Xox=§(t+r)
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Linear rate constant versus temperature. Parabolic rate constant versus temperature.’
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Oxidacao Seca
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Uma espessura
de 1 um
pode ser

obtida por:

1h a 1250°C

3,2h a 1050°C

10,2h a 900°C
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Oxidacdo Umida x Seca
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Oxide thickness versus exidation time at 780, 843, and 980°C in dry oxygen.
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N/

Orientagdo Cristalografica
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Oxide thickness versus oxidation time for silicon in H,0 at 640 Torr.

N/

Dopagem do Substrato — oxida¢ao imida
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Oxidation of boron-doped silicon in wet oxygen (95°C H,0)
as a function of temperature and con centration
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¥/ Dopagem do Substrato — oxidacao Seca
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Oxidation thickness versus oxidation time for pyrogenic steam at 900°C

for (100) and (111) silicon and pressures up to 20 atm.

N/ Coeficiente x dopagem do Substrato
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Rate constant versus substrate phasphorus doping level for oxidation at 800°C.|
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