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\/ Introducdo

» 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!

Projeto de Cl Cl sobre o Silicio

O projeto
do ClI
exige a
definicao
de regides
NeP




Encolhimento do
Transistor

Em 1999 previa-se que
teriamos em 2003 um

comprimento de canal
de 0,05 um

Gate oxide thickness, nm

'oozo
1' ~ MOSH

e o e
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501 02 05 T .,
T channel length, yum Atualmente ja se estuda

[1] As IC manufacturing techniques progress, CMOS devices with O uso de uma espessura
shorter channel lengths will switch faster and use less power. , .

Lower power-supply and threshold voltages (V4 and V,) and dO OdeO de 2 nm ou
thinner gate oxides (t,,) will accompany the shrinking channel ' '

lengths. Transistors built between the years 2003 and 2006 will

have a minimum channel length of 0.05 pm, a power supply volt- 20 angStronS o

age of 1.2 V, and a threshold voltage near 0.25 V.
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Schematic view of a MOSFET cross section.




O Principais usos de um 6xido no CI

Varios 6xidos sdo crescidos ou Crd cln Lo (i) € © el e
oxido que se possa obter.

depositados para isolar ou
proteger a formacao do transistor

Oxidos de isollag:ﬁo sao
depositados para isolar os
transistores das camadas de
interconexao que serao
depositadas sobre eles

z . . ~ e
Oxidos de Campo (Field) sdao et

crescidos para isolar cada —
transistor do transistor adjacente.

Oxidos de passivagio sdo
depositados no fim do processo
sobre todos os transistores a fim de

proteger a superficie de qualquer dano.

ﬂ
\V Tipos de Oxidagdo

* Podemos separar em dois grupos:

. Crescimento do SiO,
— Térmica utilizando o substrato
como fonte de silicio

— Anodizacao eletroquimica  Deposi¢io do SiO,

.o com o silicio vindo de
- Deposu;ao (CVD) S outra fonte

_ Reac;ﬁo por plasma independente Flo .
substrato de silicio
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\/ O Forno de Oxidagao
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Schematic cross section of a resistance-heated oxidation furnace.
The silicon wafer loading area is shown in a laminar hood.
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N/ O Forno de Oxidacao

Fornos de oxidagao:
- pressao atmosférica (tubo aberto)

- automatico




N/

O Forno de Oxidagao

N/

Elementos do Forno de Oxidagao

S Vi
T/ /
~ ¥4
Elemento resistivo —~_\%=/
({CONDITIONS?
ONDITIONS

WF:8" X170 st

Fornos de oxidagao:

- precisdo da temperatura 30
Variacio < 1°C na regido de . =
trabalho T~ = a0t

-10

-20

-0

960mm
152 waters

Water pltch=6,35mm




W/ A reacdo quimica do processo de crescimento
do oxido de silicio

Si(solid) + Oy(gas) ———= SiOy(solid)

Si(solid) + 2H,0(gas) ————= SiOy(solid) + 2Hj(gas)

Si0, SURFACE g
g A
ST
OR T '
sioed | - _f _'G_'.”iLi' ™ E"i"ff.,.,a “
SILICON SUBSTRATE
Growth of silicon dioxide by thermal oxidation.
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N/  Volume e Espessura do 6xido crescido

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

= 12.06 cm*®/mole .

The volume of 1 mole silicon dioxide is

Molecular weight of Si0;  60.08 g/mole

= 27.18 em?®/mole .

Density of SiO, T 221 g/em’

Thickness of Si X area _ volume of 1 mole of Si

Thickness of SiO, X area  velume of 1 mole of SiO,
Thickness of Si  _ 12.06

= 0.44

Thickness of Si0,  27.18

Thickness of silicon = 0.44(thickness of Si05).

.




N/ Superficie inicial x Superficie final

o[ Original
0,56 Xy e surface
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N/ Estrutura do SiO,

2.27R

<

0
Two dimensional representation of 2
Basic structural unit of silicon dioxide. quartz crystal lattice.

Two dimensional representation of the amorphous structure of silicon dioxide.




OXIDANT _
| /SEMICONDUCTOR

7z

d D(Cy—Cy)
dC T s

flux F; =D B
dx X

C, is 5.2x 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 thickness of the oxide layer already present.

_ _p 4 _ D(Co—Cy) _
\/F1 =2 4= Equacionamento do
Fy = kC, Processo de Oxidagao
k is the surface reaction rate constant for oxidation.
Fy=F,=F
T x + (D/k)
d_x _F DCy/C,
d ~ C, x + (D/k)
2D 2DCy
Xt x =g (¢t + 1) 7=(dr+2Dd,/k)C/2DC,
1
2C, k3 +
P | g Mkt
k DC,




\/ Equagdo de crescimento do 6xido

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

Nos momentos iniciais (t <<t) a espessura do 6xido ndo depende
da difusdo dos oxidantes = lei de crescimento linear

B Cok
X, =—({+71) x=~—"2— @+
A C

1

Para tempos longos (t >>1) o processo ¢ controlado por difusdo do
oxidante através do 6xido = lei de crescimento parabdlico

2DC
X 2 =Bt «x o+

I

\/ Espessura X tempo de crescimento
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Taxa Linear e Parabolica

Linear rate constant versus temperature.
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Difusividade -

Explica a
velocidade do
processo de
oxidacao e
auxilia na
escolha do tipo
de oxidacao

Diffusivities of hydrogen, oxygen, sodium, and water vapor in silica glass,

Temperature {*C)
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N/ Oxidagao Umida (Wet Oxidation)
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\o/ Oxidacao Umida (Wer Oxidation)
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Oxidacdo Umida x Seca
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<100>>Silicon

Oxide thickness (jam)

Wert and dry silicon dioxide
growth for <100> silicon

0.0 | et bt ]
ba 10 10
Oxidation time (hr)

Oxidacdo Umida x Seca

10 AR |
Silicio <100>

Uma espessura

de 0,2 um B
ER N
pode ser 5
obtida por: 5
3
g
o |
@ /
§ 0,1
w
.. -
0,4h a 1000°C (amida) & / bridation time (he)
Fo
4% Dioéxido de Silicip seco e imido
8h a 1000°C (seca) crescido para sillcio <100>
0,01 I A
0,1 1,0 10 100
Dioxido de Oxidagao (h)

14



Oxide takes up impurity (m < 1)
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Figure 3-18 Dopant redistribution due to oxidation. (a) Diffusion in oxide slow (e.g., boron). (b) Diffusion
in oxide fast. (¢) Diffusion in oxide slow (e.g., phosphorus). (d) Diffusion in oxide fast (e.g., gallium).
(Figures are reprinted from Ref. 28, p. 70, by permission of the publisher. Copyright 1967, John Wiley &
Sons. Original credit is given to Ref. 35. Reprinted by permission of the publisher, The Electrochemical
Society, Inc.)

\./ Location of oxide charges in thermally oxidized silicon structures

(From Brodie, [. and ]. J. Muray, The Physics of Microfabrication, Plenum Press, New York, 1989. With permission.)
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N/

Espessura x Tempo de crescimento
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Oxide thickness versus exidation time at 780, 893, and 980°C in dry oxygen.

N/

Oxidacao tmida em funcao da orientagdo cristalografica
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Oxide thickness versus oxidation time for silicon in H,O at 640 Torr.
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N/

Oxidacao tmida em funcao da dopagem do substrato
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\./ Oxidacao pirogenica em funcdo da dopagem do substrato
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\/

Coeficiente de oxidagao x dopagem do substrato
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Schematic cross section of a resistance-heated oxidation furnace.
The silicon wafer loading area is shown in a laminar hood.
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