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TECNOLOGIA DE VACUO : MET Eﬁ

Vacuo e uma palavra de origem grega que significa vazio

Vacuo é qualquer ambiente com pressao inferior a atmosférica

Unidades de Pressao

latm =760 mm Hg = 760 Torr = 1,01325 bar = 101.325 Pa
1 atm =10,33 mH,0O
Bar € um multiplo da Baria: 1 bar = 10° bérias

Béaria: unidade de pressao no C.G.S (1 baria = dyn/cm?)
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TECNOLOGIA DE VACUO : MET

Por que ndao havacuo absoluto?

PRESSAO DE VAPOR

iE%ii
x ﬂ;

Presséo de Vapor (p") € a pressao exercida por um vapor quando
este esta em equilibrio com o liquido ou solido que Ihe deu origem a

uma dada temperatura.

760 Torr

Aguaa?20°C = p'=17,5mmHg =175 Torr \\ //

Aguaa 60°C = p*=150,4 mm Hg = 150,4 Torr

Agua a 100°C = p*=1atm= 760 Torr

AQUECEDOR
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TECNOLOGIA DE VACUO : MET

AQUECEDOR

| L]
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Agua a 20 °C
p°=17,5mmHg =175 Torr
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TECNOLOGIA DE VACUO : MET Eﬁ

s | Aguaazo°c

p* = 17,5 mm Hg = 17,5 Torr

AQUECEDOR

| L]

Zinco a 20 °C
760 Torr
\\ // p* =9,76X10 mm Hg = 9,76X10™*3 Torr
— Aluminio a 20 °C

p* =5,37X10% mm Hg = 5,37X10%° Torr

4
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TECNOLOGIA DE VACUO : MET

Por que nao havacuo absoluto?

Temperatura (°C) para Pressdes de Vapor (Torr)

ﬁ

Elemento | 108 | 107 | 10% | 10> | 104 | 102 | 102 | 101 | 109
Ag 574 626 685 752 832 922 | 1027 | 1162 | 1322
Al 685 742 812 887 972 | 1082 | 1217 | 1367 | 1557
Au 807 877 947 | 1032 | 1132 | 1252 | 1397 | 1567 | 1767
Cu 122 787 852 937 | 1027 | 1132 | 1257 | 1417 | 1617
Mo 1592 | 1702 | 1822 | 1957 | 2117 | 2307 | 2527 | 2787 | 3117
I Ta 1957 | 2097 | 2237 | 2407 | 2587 | 2807 | 3057 | 3357 | 3707
Ti 1062 | 1137 | 1227 | 1327 | 1442 | 1577 | 1737 | 1937 | 2177
wW 2117 | 2247 | 2407 | 2567 | 2757 | 2977 | 3227 | 3537 | 3917
Zn 123 147 177 209 247 292 344 408 487
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TECNOLOGIA DE VACUO : MET

Faixas de VVacuo

Descricao Faixa

Baixo vacuo 760 a 25 Torr
Médio vacuo 25 a 103 Torr
Alto vacuo 103 Torr a 10°° Torr

Altissimo vacuo

10 Torr a 10° Torr

Ultra alto vacuo

10° Torr a 1012 Torr

Extremo ultra alto vacuo

p <1012 Torr
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TECNOLOGIA DE VACUO : MET .

|solator
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TECNOLOGIA DE VACUO : MET E

Por que as colunas em um MET estao em vacuo?

_5x 10”
p (Torr)

A (cm)

( -3

p=10 Torr = A=5cm
-4

p=10 Torr = A=50cm
-5

p=10 Torr = A=500cm

-6
— p=10 Torr = A=5000cm
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| TECNOLOGIA DE VACUO : MET :ﬁ

O nivel de vacuo é determinado pelo tipo de
fillamento utilizado:

e Tungsténio = 103 Pa (7,5x10° Torr)

» Cristal de LaB; = 10~ Pa (7,5x108 Torr)

e FEG = 107 e 108 Pa (7,5x1010 a 7,5x10-11 Torr)

Qualidade do vacuo !
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i TECNOLOGIA DE VACUO : MET

BOMBAS DE VACUO
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TECNOLOGIA DE VACUO : MET E

REGIMES DE ESCOAMENTO

U

Escoamento Viscoso = A<<D @ .

Escoamento Intermediario = A z=D

Escoamento Molecular = A >>D \_/

—— -~ D —
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FAIXA DE PRESSAO DAS BOMBAS DE VACUO E

BOMBAS DE JATO

/)

BOMBAS MECANICAS

BOMBAS ROOTS

BOMBAS DE SORCAO

BOMBAS TURBOMOLECULARES

BOMBAS DE DIFUSAO

BOMBAS IONICAS

— BOMBAS CRIOGENICAS
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MECANICAS SELADAS A OLEO
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MECANICA SELADA A OLEO
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i MECANICA SELADA A OLEO ﬁ
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i MECANICA SELADA A OLEO !é,
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MECANICA SELADA A OLEO !é,
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Pr,0 (20 °C) = 23,3 mbar
Ph,0 (60 °C) =200,0 mbar

200,0 mbar _86
23,3 mbar
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i MECANICA SELADA A OLEO !é,

Gas ballast

Laboratorio de Filmes Finos Junho 2008



BOMBAS DE DIFUSAO
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BOMBAS DE DIFUSAO ﬁ

ALTO VACUO

0 0 O O ©
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BOMBAS DE DIFUSAO
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BOMBAS DE DIFUSAO Y

SISTEMA

PREENCHIMENTO

PREENCHIMENTO

NITROGENIO
Liouipo

=== SISTEMA

BOMBA

BOMBA
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i BOMBAS DE DIFUSAO !é,

Psing~ 10-° Torr

Oleos
Santovac = p = 4x101° Torr
Fomblim = p*=10° Torr

Silicone = p*=10° Torr
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BOMBAS IONICAS
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BOMBAS IONICAS
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BOMBAS IONICAS
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i BOMBAS IONICAS ﬁ

1i CATODO

AV
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BOMBAS IONICAS
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i BOMBAS IONICAS

Pring~ 101t Torr
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BOMBAS TURBOMOLECULARES
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=

Laboratorio de Filmes Finos Junho 2008



BOMBAS TURBOMOLECULARES g
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BOMBAS TURBOMOLECULARES
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TECNOLOGIA DE VACUO : MEV e MET

MEDIDORES DE PRESSAO
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* MEDIDOR PIRANI

LEYBOLD V.
THERMOVAC

]
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&
MEDIDOR PIRANI Y

TROCA DE CALOR GAS - SUPERFICIE
{ COEFICIENTE DE ACUMDDACﬁD )
Atomo Incidente Ef%k'ﬁ Atomo retroespalhado E,= 3 kT,
\ 2

Z iemperatura 7 emperatura” 4

7 S':iErl'I“"'T:‘:"”"‘r Z Sui?ﬁcieTf;

29005575/ 21070070772 /52

Energia cinética do atomo = % KT (média)

Coeficiente de acomodagio . » — T - T
Ts = Ti
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MEDIDOR PIRANI
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MEDIDOR PIRANI

-

R

M < 2

=

MANOMETRO TERMICO - CONDUGAOQ TERMICA dos GASES

A Z 02 =1cm

T

2 1 0 1 2 3
10 10 10 10 10 10 10

4 Torr

—
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MEDIDOR PIRANI

COEFICIENTE DE ACOMODAGCAO

2

SUPERFICIE
Pt .

GAS W Normal Preta 1 Fe
He 0.016 - - - -
Ne - - - 0.82 0.40
Ar 0.85 0.89 - 0.93 -
Kr - 0.69 - - -
H- 0.36 0.28 0.71 0.29 -
N> 0.87 0.81 - 0.82 -
O, 0.90 0.85 0.95 0.86 -

CO, -- - 0.97 = -
Hg 0.95 - - -- -
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MEDIDOR PIRANI ba

MANOMETRO DE RESISTENCIA
( PIRANI)
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i MEDIDOR PIRANI

P

my

MANOMETRO DE RESISTENCIA ( PIRANI)

Curva de Calibracac
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MEDIDOR DE IONIZACAO

a2
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COEFICIENTES de IONIZAGAO
T=273K e p=133Pa
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MEDIDOR PENNING
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MEDIDOR DE IONIZAGAO
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MEDIDOR DE IONIZACAO

MEDIDOR BAYARD - ALPERT

lon Coletor

Filamento 1
Filamento 2
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Encapsulamento
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