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§1-1 X

atmosphere at the Earth's surface

H=0,p=101,300Pa
A person can breathe normally

g

Air, as agas, IS
composed of molecules
that you can imagine
as round elastic balls.
Molecules move In
straight lines until
they collide with
neighboring molecules
or the container wall.



THE ATMOSPHERE IS A MIXTURE OF GASES

PARTIAL PRESSURES OF GASES CORRESPOND TO THEIR RELATIVE VOLUMES

PERCENT BY PARTIAL PRESSURE

GAS SYMBOL VOLUME TORR PASCAL
Nitrogen N, /8 593 79,000
Oxygen O, 21 158 21,000
Argon Ar 0.93 7.1 940
Carbon Dioxide  CO, 0.03 0.25 33
Neon Ne 0.0018 1.4 x 1072 1.8
Helium He 0.0005 4.0 x 103 5.3x 101
Krypton Kr 0.0001 8.7 x 104 1.1 x 101
Hydrogen H, 0.00005 4.0 x 104 5.1 x10?
Xenon Xe 0.0000087 6.6 x 10 8.7 x 1073
Water H,O Variable 5to 50 665 to 6650



2. Pressure

> P = F/A=nMv,_.%3N,

» It comes from the
striking of gas
molecules on the
walls.

> Partial Pressure




VAPOR PRESSURE OF WATER

T (°C) P (mbar)

100 (BOILING) 1013
25 32
0 (FREEZING) 6.4
40 0.13
-78.5 (DRY ICE) 6.6 x 10 4

-196 (LIQUID NITROGEN) 10 -



Pressures of gases
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Vapor Pressure of some Solids
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3. THE VACUUM

o T
o RF— A KRR R,
“HEXTEF", “Z4INET?

1~

Fr: E5R(Pressure)(, 40T,
S F RS B R

FRIE I

HH R MRS AT
SRR R 8




Relative
Pressure

1 &u )_i

X
Hy
e

H -

1 77T

AN, mmE

(pascal) =14/K2,
¥ (Torr) =133
B2 {JRF B

g~ atm. bar

Absolute
Pressure

SR ER

o D

i

1T

s BELAN 11

2Pa=1/760atm .47, ik

The only one
which is legal




4. Pressure unit

Press_ure Bar Atm Torr

unit
Pa 1 0.00001 9.869X10° 7.501 X103
Bar 100000 1 9.869X 101 7.501 X 102
Atm 101325 1.01325 1 760
Torr 133.32 0.001333 1.316X103 1

10



over a large distance

5. Why Is a Vacuum Needed?

1. To move a particle in a (straight) line

11



5. Why Is a Vacuum Needed?
1. Foni v LM H 2123
2. NTERAE KR PEE1FRE

Atmosphere (High)VVacuum

Contamination
(usually water)

| |

Clean surface

12




6. EA2 KX 47

HLEL% 105—10%Pa : H AR 2

vacuum cleaner, vacuum-filter, CVD

[REZ 102—10Pa: Tk T B B FFIL N
_)EE FH :[:;‘I_F,\ﬁ@ EE';F{{[E vacuum-bottle, vacuum-

desiccator, vacuum-impregnation, Sputtering, LPCVD

W

I_,IEL/\ 10 1_10 6Pa .Evaperation, lon source

HWEES <10%Pa: Surface analysis,
Particle Physics
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§ 1-2 Wi SRR EEA MR :
1. Tdeal gas equaTion
1&% —’U‘JLL\_F 3 H,J’Ikzu\jjﬁi (&
IR EHE %EB}QE% BHE/R) Kit
R, BEFEWWHTE _)(/J\?Z'E'ﬁj\ T o

I:)V=nmoIRT:nmoIecuIarkT:nMVrmSZ/SNA

N, o,=M/M
n =7.2*1022P/T

molecular

14



2. MG T BT B 3 A :
o 2T AT BRI AN
3 - -~y
Lo M |2, - Mv~
‘/(l')=4n[2ﬂRT] V exph JRT
f (v) R 7 A0 703 B v B 2 537 18 B [ gy P9 1)

TR B TR B



v=~(T,M)

3 T RE ST A (REXHME)

10
0 AL1200°C
8- i
6....
H,,25°C
H,,1200°C

4 6
4y FIE B kmes

10
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3. =ANEEHEE

o HAIJLIEREV,:
o “i’JJEFFV
o TR

I_l

Maxwell Speed Distribution
Function f(v)

f(v) B KB )

Molecular Speed 17



SEH B BEAE MEAN FREE PATH

A
X AN FEESEW KRR 8 BTz 3]
i

IRy o
PO S
_ T T
2 O~ 9 g *“"”‘"“@
N 270N b
O
Hpn—"S307%5E, wERE,
n~~3*101°

6§ — 7 FHE1&, several angstrom



Pv=nRT = P =nKT
o MABBSMRETE

o, KT
2
N 270 P
St F25°C A Is A propotional to T?
0.667
A= cm

P(pa)



- 101525 Paat) 1x107ps

3 x 101 4 x 105 4 x 107
(30 million trillion) (40 trillion) (40 million)

2.5 x 10 in 2 inches 31 miles
6.4 x 10° mm 5.1cm 50 km

20
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X 100>

Nx
N

8 4 B R 1 4 e (Y

L=
SR TiEE) X KB LG, 15 Ta Al r L

f

:1_e—X//1

0.2 0.4 06 08 L0 L2 14
TR/ P E BB /L)

=X
f5 MR
x= A f=63%
x=0.1A f=99%
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5. i FIHE S RZAHH
(D) HTFERO NFIFRY) : BLLH AL

[LLI*

AT AR B 28 B RGBS AR T30
1 P

d=v =—Nv, (B /ZRGTE)
4 " 2amKT

=3.513X10%22P/(MT)%> (molecules/cm?2s)
When P is In torr.

=2.64X1020P/(MT)%> (molecules/cm?3s)

When P is in pascal.
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(2) [R5+ MBI RZR I B S LR

DA
dP = aw, cosd

AREHLERSAS T RTX, UEREEH

FE BRI — /N ] A B pe 2 (R

B3 N U FI A e N R AR, BIRRRG5

RCH
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6. SARHITLSN

OooOOOOOQOOO 000 OOOOO
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OO0 0. 0.0 © 0 "0600 00

HEMRL RS
(momentum transfer
between molecules)

(molecules move
Independently)
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aaajyp
107 o
106_
{3 'U: \)
[J JU 105_
1041
E 103_
*1'3 102_
Knudsen number i3
ii%‘ 10 | TERRA
%10
gl
10
B ol ATHERE
Mean Free Path 10
S 925 o 10t less than 0.01
R TR Characteristic Dlmensmnlo_ A
1075107410731072101 1 10 102 103104103
£ 71/Pa

Mean Free Path
Characteristic Dimension

IS between 0.01 and 1

Mean Free Path
Characteristic Dimension

T HRE:

IS greater than 1
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GAS LOAD

Leaks <

35
Uit

GAS LOAD (Q) IS EXPRESSED IN: |

mbar liters per second

Real

Virtual
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Volume
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e L M W EFRARZULFH: E
(Chamber), E%¥F&(Vacuum Pump

# & 4 (Control system), K
(Vacuum Gag)

]
]

N’

)
~»

HY
% H

o EFRGHNMWNEESE: KBREST (K
K H &, Base pressure or Ultimate
pressure) , FHSREZHR(Pumping speed)
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Pump Mechanism

DISCHARGE

EXHAUST |

SLIDING VANES

ROTARY OIL-SEALED MECHANICAL PUMP MODULE
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How Two stage rotary pump Works

INTERSTAGE INLET
RELIEF INTERSTAGE
DISCHARGE VALVE VOLUME
VALVE

GAS
BALLAST

lower ultimate pressure
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Rotary Pump Disadvantages

@ Vibration!

® Qil vapor gets into vacuum system
@ Mot UHV compatible
® Subject to wear (mechanical)

® Does not pump condensable gasses
well

@ Warm
® Exhaust oil

36
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Blower/Booster Pump

OUTLET TO
FOREPUMP
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Pump Works
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How t




Pumping Speed (Air)

X X )
0000
T
s ::
1 2 3 4
Critical Point

1. SRRt

2. HIRY HUIE

3. L

4. PIMZRIEH

10-7 101 10

Inlet Pressure (Pa)
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4. 53 TR

“Clean, Lean Vacuum Machine”

External picture & size.

Balzers, 1992 Leybold M2000, 1999
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Turbomolecular Pumps

Advantages

® Clean
& MNo oil vapor

® Don't need to warm
up/cool down

® High vacuum

® High pumping speed
eN, 1700Us
eaHe 1301\'s

eH, 110Us

Disadvantages

® Relatively expensive
® Can't have particles

® Can faill catastrophically
(and expensively!)

® Pumping speed varies
with gas

47
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Sputtered
Ti atoms
Magnet

Inlet

from
TEM

]

Buried
gas atoms

yill

Titanium Anode
[Pump cathode + cylinder
case TSRVDC
| power
“supply
ik

51



X X
0000
0000
o000
:Q
lon Pump
Advantages Disadvantages
e Clean ® “Finicky”
¢ Qil Free & Hard to start
® No moving parts * Low pumping speed at high

Pressures
® Meed (o bake out

® Not very efficient for water
@ Low capacity

® Gasses not permanently
removed

® Can easily measure
pressure from current
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PUMP OPERATING RANGES

Ultra High
Vacuum

High Vacuum

Rotary Vane Mechanical Pump
Rotary Piston Mechanical Pump !
Dry Mechanical Pump

Sorption Pump |

BIower/Booster Pump _:
- . Venturi Pump T

High Vac. Pumps—
I | Ultra-High Vac. Pumps

| | | L] | |
10-10 108 106 104 102 100  10+2 10*4
P (Pa) 3




PUMP OPERATING RANGES

Ultra High
Vacuum

High Vacuum

Roughlng PumpS:_

_ Liquid Nitrogen Trap

Diffusion Pump [ [

Turbo Pump _
Cryo Pump [N

T 1 lon Pump
I _1 Tit. Subl. Pump

10-12 10-10

10 10°% 104 10° 1 10%+2

P (Torr) >4
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1. Bourdon Gauge

76 USE NO OIL

Cufvat

F v

p/m 432204
E&/Cm

Dur O O T
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2. Heat Transfer Gauges

Thermocouple gauge
and
Pirani Gauge
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How the gauge works

- THERMOCOUPLE GAUGE PRINCIPLE

FILAMENT \

(+)

(=)

THERMOCOUPLE

METER
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lonization current Is the measure
of vacuum

CYLINDRICAL ELECTRON
COLLECTION GRID
GAS ION
AMPLIFIER
FINE WIRE g ‘;
LLECTOR

ION CO OR ~_ °
Q

@= o
Q

/

HOT ELECTRON
EMITTER_

/ PRESSURE
METER
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B R AN [ AT R | 323
AR XN RS, AR XENFHRT RS,
H, 0.46 CO, 1.53
He 0.17 R Skl 1.0
Ne 0.25 H.,O 0.9
Ar 1.31 Hg 3.4
Kr 1.98 JHUE A 9-13
Xe 2.71 HCI 0.38
N, 1.0 CH, .26
o, 0.95 CCl4 0.70
CO 1.11




4. SN s

CONTROL UNIT

QUADRUPOLE
HEAD
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RGA SPECTRUM

>
RELATIVE INTENSITY

NORMAL (UNBAKED)
H,O SYSTEM
CO,

N,,, CO

MASS NUMBER (A.M.U.)
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RGA SPECTRUM

(B)

RELATIVE INTENSITY

H,O

O,

SYSTEM WITH
AIR LEAK

Co,

MASS NUMBER (A.M.U.)
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Gauge Operating Ranges

Ultra High

High VVacuum
Vacuum J

|
Capacitance Manometer
|

Bourdgn Gauge

Thermocouple Gauge! I

Pirani Gauge (I
I R I Hot Fil. lon Gauge
|
:— Cold Cathode Gauge

I Residual Gas Analyzer
,  McLeod Gauge [N
. I Spinning Rotor Gauge
| n | L | |
1010 108 106 104 102 109 102 10+4
P (Pa) 69
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