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Dry pump
Absorption
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Dry pump

Diffusion pump
TMP
Cryo-pump
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Packing
Vacuum cleaner
Freeze drying
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Evaporation
Implantation
Vacuum melting

Surface analy.
Accelerator

Quantum device
New material
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F =dp/dt (p=momentum)

L (length) =2mv,/(2L/V,)
V= (v,2+ v 2+ v,2)L2 A (area) = mVXZ/ L = mv?/ (3 L)
~
%> P,=Mmv, P,=-MV, 4---->
= VA3 o P = F/IA (P=pressure)
V (volume) Apjgésl = Nmv?/ (3LA)
= Nmv?4/(3V)

E, = 1/2xmv? = 3/2xksT > PV =1/3xNmv? = NkgT
(E=Kinetic energy)



@) A213 ayl%é%#iﬂEoE'_Ar%gl 'é"ZS.l (_'1 /\l"" o xq

M =

PV, P,V,




o | 4| M| AN Y A

B9 ALSO| A + OLEIIERO| A

(PV/ T=cont.) (Vo< V)

P . pressure

—_ I/': volume

PV =N kB r . N : number of particles
or energy unit n : density of particles
= = ny: Mole
P L kB 7- nM R 7- TI\?I temperature [K]
A7t HSHE A area
kg: Boltzmann const.
° d(PI/)/dZL: d(N kB D/dt Ig: gas constant

HAAER, P=const))

= |/(d d50+ P(dlV/dy) = kg7 (dN/dD)

dV/dt= A-v _I_'LL|§%%
dN/dtoec PAV/dD = Q: 7| HIESEL(H T
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Fraction of molecules within

a0 For different 7

=80 K

=300 K

200 OHCr A B 1000 1200
Speed (m/s)

T For various gases
g 0 9
- Mean velocity at 300 K
£ « V,(H,)~2000 m/s
S * V,(N,)~500 m/s
£
5
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=
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5% 102 10x 102 15% 102 20X 102 25x 102 30 x 102 35 x 102
Molecular speed (m/s)

{ v, = fomvf(v)dv =y % = 146\/?5 (m/s)}
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Voo Collision cross section(o=m[?)

= Number of collision per second z = nvnD?

= Mean free path A = v,/z =1/nmD?

A = 5x10°3/P (cm) at 23°C, air



I
ITH FEUIE (Impingement rate)

« Def) # of particles incident on unit surface per unit time

density=n 1
(D o
IR -
v .
Area=dS=1 Aread51® AreazcéI(S):Sceosse1
J = ny, J = Y2ny, ./ = 1/4[7Va

(1-directional case) (1-dimensional case) (3-dimensional case)



N, = [EI vf(v)dvf 27 sin O cos OdO |dtdS

N 0' .0““
Fsin(ordoydg  J = dtds A f U]‘(U)d?) = T nv,

_ P _ 2 P P
/= Vompier =300y (eacm® s

* I[mpingement rate
J = 3.3x1 OZOP (cm2 s1) at 23°C, air

= Monolayer time 7=10"//= 4x10">/nv,

(Approximately 10> surface sites per cm?)

T = 3X10°%/P (s) at 23°C, air
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1. &85 (Viscous flow)
A/d < 0.01
P-d (Torr, cm) > 0.5

2. =XI5 (Molecular flow)
A/d > 1
P-d (Torr, cm) < 0.005

% A~5x10-3/P (Torr, cm) at 23°C, air
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Air at 23°C

Viscous flow

Molecular flow

o1 1 10
Chamber diameter (cm)
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Pressure

103 10° 103 107 1011 mbar
7.5%x102 7.5x10! 7.5x10% 7.5x10® 7.5x10' Torr

10° 104 101 102 10°¢ Pa
Particle density, n (cm™) 10%° 1016 1013 10° 10°
Mean free path, A (cm) 107 1073 10 103 10°

Impingement rate, / (s cm?) 3x102  3x102° 3x10V 3x10%3 3x10°

Collision rate, I, (s cm3) 10%° 1023 1017 10° 10
Monolayer time, T 3ns 3 us 3 ms 30s 80 h
Type of gas flow 4— Viscous— | |—Knudsen—| | molecular >

% 1 atm = 760 Torr = 14.7 psi = 1013 mbar = 1013 hPa



A EA(C), HINISE(S), #5HQ )

= (C = ratio of throughput under steady state conservative conditions to the
pressure differential between two specified cross sections inside a pumping

system (l/s)

= S = ratio of the throughput of a given gas to the partial pressure of that gas at
the cross section of the inlet port of the pump (I/s)

= @ = amount of gas in pressure-volume units flowing per unit time across a
specified cross section at a specified temperature (mbar |/s)

S
m: " pump > S = C (P,/P,-1)

Q =CAP=Cx(P,-P) Q,=P,xS$



MEe &I (Conductance)

Definition
P, P,
<

> C=Q@/(P,-P,) (depends on geometry)

Unit; I/s



Conductance [L/s]

Pressure [mbar]
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v Long pipe

u(r)

Poiseuille’s law

ﬂd4
Q= 12871
o zd”

128nL

P(R—P,)

v" Oirifice

area=A [cm?]

]

—\

LB\
[

c - 17.2PA /s
(1_ down
P

up

% Approximation
— 22°C, Diatomic gas. eg. Air(N,+0,)
- P, 2>192 Py,



Co = 1 16 A (I/s, cm?) at 23°C, air



%—'-'—t-%{% (Transmission Probability)=}
o{TiEi=! (Cosine Law)

Cosine law
Conductance of a pipe

= Conductance of inlet (orifice) x transmission probability (a)

C=aC
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< &1I=2HE (Clausing coeff)

L/d a L/d a L/d a L/d a
0.1 0.90922 3.7 0.23824 7.4 0.1404 14.6 0.07885
0.2 0.83408 3.8 0.23376 7.6 0.13739 14.8 0.07791
0.3 0.77115 3.9 0.22945 7.8 0.13451 15 0.07699
0.4 0.71779 4 0.2253 8 0.13175 15.2 0.07609
0.5 0.67198 41 0.2213 8.2 0.1291 15.4 0.07521
0.6 0.63223 4.2 0.21745 8.4 0.12656 15.6 0.07436
0.7 0.59736 4.3 0.21374 8.6 0.12412 15.8 0.07352
0.8 0.56651 4.4 0.21015 8.8 012177 16 0.0727
0.9 0.53898 4.5 0.20669 9 0.11951 16.2 0.0719
1 0.51423 4.6 0.20334 9.2 0.11733 16.4 0.07112
1.1 0.49185 4.7 0.2001 9.4 0.11524 16.6 0.07036
1.2 0.4715 4.8 0.19697 9.6 0.11322 16.8 0.06961
1.3 0.45289 4.9 0.19393 9.8 0.11127 17 0.06887
1.4 0.43581 5 0.19099 10 0.10938 17.2 0.06816
1.5 0.42006 51 0.18814 10.2 0.10756 17.4 0.06745
1.6 0.40548 5.2 0.18538 10.4 0.10581 17.6 0.06677
1.7 0.39195 5.8 0.1827 10.6 0.1041 17.8 0.06609
1.8 0.37935 5.4 0.1801 10.8 0.10246 18 0.06543
1.9 0.36759 55 0.17757 11 0.10086 18.2 0.06478
2 0.35658 5.6 0.17512 11.2 0.09932 18.4 0.06415
2.1 0.34624 5.7 0.17273 11.4 0.09782 18.6 0.06353
2.2 0.33652 5.8 0.17041 11.6 0.09637 18.8 0.06292
2.3 0.32736 5.9 0.16815 11.8 0.09496 19 0.06232
2.4 0.31871 6 0.16596 12 0.09359 19.2 0.06173
2.5 0.31053 6.1 0.16382 12.2 0.09226 19.4 0.06116
2.6 0.30279 6.2 0.16174 12.4 0.09097 19.6 0.06059
2.7 0.29543 6.3 0.15971 12.6 0.08971 19.8 0.06004
2.8 0.28844 6.4 0.15773 12.8 0.08849 20 0.05949
2.9 0.28179 6.5 0.1558 13 0.0873 20.5 0.05817
3 0.27546 6.6 0.15392 13.2 0.08615 21 0.05691
3.1 0.26941 6.7 0.15209 13.4 0.08502 21.5 0.0557
3.2 0.26364 6.8 0.1503 13.6 0.08393 22 0.05455
3.3 0.25812 6.9 0.14855 13.8 0.08286 22.5 0.05344
3.4 0.25283 7 0.14684 14 0.08182 23 0.05237
3.5 0.24776 7.1 0.14517 14.2 0.0808 23.5 0.05135
3.6 0.24291 7.2 0.14355 14.4 0.07982 24 0.05037




[(2—y )y +1+y -
45y, y* +1— 45In[y+w/y +1]

a=1+y -y y’ +1-

(y=L/d)

©r N _ 1 »>Bermanformula
(Error<0.7%)

0.01 A RN
0.1 1 ”

L/d
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N 3 10 cm_
NZ s 210 cm £:£+i
N, a a a,
B a, ) ] a, )
8.1ausms = 0.35658
N > @10 cm
a, . =0.25711
20 cm

051423
2
(L/d =2)

(27.9% error)

Why?



1. In case of the same cross section

— C=C

(L+L,)/d

Oatley

(Subtract entrance
effect once at a joint)

Bormsen = 0.35658  (L/d =2)

=0.25711 (27.9% error)

a Combi

Qoaey = 0.3461  (2.94% error)



2. In case of different cross section

7 07
A, a a A,
P a A, A, a,
1_1 (1 1 _ 1 1+[1 1}
C cl C, C,. C C (G G,

Generally,
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Seff/ C

1.0

0.8

0.6

0.4
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AAM (FFZHI=S

S
€ 310 cm

20 cm

300
/s

* 20°C, air (cm)
C =11.6 (0.35658)(3.14x52)=325 /s
C,=11.6 (3.14x52)=911 I/s

1

1 1
= 2155 |/s
S, C 'S /

.
S, C

e

r_1
S C,

_|_

7~ N\

j-)188 /s

e error ~18%



