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0. Introduction

Air pressure as a force to the walls of an empty container

1. Gas kinetic

Pressure as momentum transfer, Mol & Molvolume, Pressure units Partial pressure, Boltzmann Velocity&Energy
distribution,

2. Pressure Ranges
3. Vacuum technical terms
4. Vacuum generation

5. Pressure measurement
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Exercise:
Scenario: Vacuum based dry etching of a Si trenchl!

How many gas particles reside at a pressure of 0,1 Pa
(10-3 mBar) at a temperature of 23 °C inside of a
1x1x1 tm3 trench?

© J. W. Bartha 2020
TUD internal use only!

Slide: LO5 11


https://videocampus.sachsen.de/m/764a59cee00a51785be4cbc384d9eecf35c5005c6da8bf97d41c941902c628b9cbbbac5a0b467ba2f92b1c972c640cdab891951ec61a184feaa8ed95320a5050

TECHNISCHE Ty
I\ DEO P ) ,
() onnverernir PGERR Homework:

"VTLO6 b 08:26

Exercise:
Scenario: Vacuum based dry etching of a Si trenchl!

How many gas particles reside at a pressure of 0,1 Pa
(10-3 mBar) at a temperature of 23 °C inside of a
1x1x1 tm3 trench?

© J. W. Bartha 2020
TUD internal use only!

Slide: LO5 12



https://videocampus.sachsen.de/m/764a59cee00a51785be4cbc384d9eecf35c5005c6da8bf97d41c941902c628b9cbbbac5a0b467ba2f92b1c972c640cdab891951ec61a184feaa8ed95320a5050

TECHNISCHE
UNIVERSITAT
@ DRESDEN BOéa

Exercise:
Scenario: Vacuum based dry etching of a Si trench!

How many gas particles reside at a pressure of 0,1 Pa
(103 mBar) at a temperature of 23 °C inside of a

1x1x1 pm3 trench?
P=n KT
n= Pk =247 -7 3

e = 0'48
rm P=0,’1-%z

T= 293 K
= A5 Gas pati r
> % A5 pagze.5
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Exercise:
Scenario: Vacuum based dry etching of a
Si trench!

How many gas particles reside at a
pressure of 0,1 Pa (10-3 mBar) at a
temperature of 23 °C inside of a 1x1x1
um3 trench?

P=nrn KT
= F/KT =243 D"
I'r)3~> U Y ’IO.“’
P=01 %5
T= 293 K

= 25 Gas Partides N

k= 1,382 X
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Exercise:
Scenario: Vacuum based dry etching of a
Si trench!

How many gas particles reside at a
pressure of 0,1 Pa (10-3 mBar) at a
temperature of 23 °C inside of a 1x1x1
um3 trench?

P=nrn KT
= F/KT =243 -0
m3—> U Y ’IO-“’
P=01 %5
T= 293 K

— Gz ] 2
> 25 Gas Ppactides K=7,3§-10237\,M
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However, for an assessment concerning the etch rate,
the important question is not how many gas particles
are inside the trench, but how many gas particles
enter the trench per time unit.
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However, for an assessment concerning the etch rate,
the important question is not how many gas particles
are inside the trench, but how many gas particles
enter the trench per time unit.

DAV iy This rate of particles
- \5\%{ approaching a surface unit
”7/ i per time unit is called

Impingement Rate or
Surface collision rate Z,
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However, for an assessment concerning the etch rate,
the important question is not how many gas particles
are inside the trench, but how many gas particles
enter the trench per time unit.

=L This rate of particles
\' approaching a surface unit
per time unit is called

Impingement Rate or
Surface collision rate Z,
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(D) i Surface collision rate
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# of particles which

* ®s hit the surface
. . | per area - and time unit
s o .
.. e ZG - % N Vmean
- L
L
L] e ... *
® % o o 1
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DRESDEN

# of particles which

* ®s » hit the surface
. . | per area - and time unit
.I * ) ’ ZG = % N Vmean
. ° ot ° 1 N n [8kT
e ® . L8 s U=y ——
) * 4V @9~ 1\ mm
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DRESDEN

# of particles which

* ®s » hit the surface
. . | per area - and time unit
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Exercise:
Scenario: Vacuum based dry etching of a
Si trench!

How many gas particles reside at a
pressure of 0,1 Pa (10-3 mBar) at a
temperature of 23 °C inside of a 1x1x1
um3 trench?

P=nrn KT
= F/KT =243 D"
I'r)3~> U Y ’IO.“’
P=01 %5
T= 293 K

= 25 Gas Partides N

k= 1,382 X
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How many Ar particles

‘*\\“,‘4‘;:'{)1\\ approach the trench opening
i) \,4..—7/ (1X1 pm?) at a pressure of 0.1
- smrh Pa (1-10-3mBar) and a

A temperature of 20°C ?
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How many Ar particles

- T:\—”/«:&\ ?fﬁgoacg\) ‘rl;\re trench oper:ciré)g1
5 = pm?) at a pressure of O.
~ 4 Vég’ Pa (1-10-3mBar) and a
T L temperature of 20°C ?
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ol e How,many Ar particles
T f 2 Whpréach the trench opening
e \\IZ7 N (IXL um?) at a pressure of 0.1
e~ i Pa (1'10-*mBar) and a

temperature of 20°C ?

S BT
Zq Pl =2

T
é @i_/%?. =29 l)—?‘ b~ ’2,5'@24,7:?{5
=9.6. 10" % 3 ) a A

=200 AR S
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How many Ar particles

e T:\—”/«:&\ ?fﬁgoacg\)‘rl;\re trench oper:ciré)g1
5 7 pm?) at a pressure of O.
IEEE . Vég’ Pa (1-103mBar) and a
T L temperature of 20°C ?
Zi s 0l
K /g 21
f /?;5—‘379!51 Z.;.’»Z.5-70,{‘:'§

e RSP L Vi
P o 1-2,5-/5"/7,?2
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(D) i Back to our calculation:

DRESDEN

How many Ar particles

T f\;;:"*"):\\ approach the trench opening
TS ey (1X1 pm?) at a pressure of 0.1
St / Pa (1-10-3mBar) and a
> temperature of 20°C ?

N U
21 ¢
;f (85 3343/ 2 -25-1 7

9
K//‘ZS--{04;1;~3 ’2‘23/&/“/-5

Question: Is this much?

How to get this number into a picture?
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Back to our calculation:

How many Ar particles
—L approach the ftrench opening

.c." Lo 2% 1 1 ) .1
. %?fég?/ | (1X1 pm?) at a pressure of O
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Pa (1-10-3mBar) and a

/ temperature of 20°C ?
IR T A ]
K /az; 21
[ [ 398 2,251 75

KT =9 &4, - 4
il e -‘2'2.5'/&%/“»12'5

Question: Is this much?

How to get this number into a picture?
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https://www.nytimes.com/2015/08/13/us/in-california-millions-of-shade-
balls-combat-a-nagging-drought.html
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DY Monolayer coverage

DRESDEN

There is a certain density of adsorption sites @ at the

f surface.
We make the following assumptions:

i) Every arriving particle adsorbs i.e. Sticking coefficient =1
(not generally valid!)

ii) The growth in the second layer does not start before
every site in the first layer is occupied
(also not generally valid!)

[N S
> l’l "l
L EL L LA
IIIILIII
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DY Monolayer coverage

DRESDEN

There is a certain density of adsorption sites @ at the

f surface.
7 We make the following assumptions:

i) Every arriving particle adsorbs i.e. Sticking coefficient =1

l’g’i’w’ (not generally valid!)
Ll L LA ii) The growth in the second layer does not start before

L LY every site in the first layer is occupied

(also not generally valid!)

Q: Which time 7 is required for the formation of a complete monolayer?
Answer: T= a/Z, = 4a/nV,,,, (> Depends on pressure mass and temperature!)

A common "thumb value” for @ in vacuum technology is:  ?
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DRESDEN

There is a certain density of adsorption sites @ at the

f surface.
We make the following assumptions:

i) Every arriving particle adsorbs i.e. Sticking coefficient =1
(not generally valid!)

ii) The growth in the second layer does not start before
every site in the first layer is occupied
(also not generally valid!)
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Q: Which time 7 is required for the formation of a complete monolayer?
Answer: T= a/Z, = 4a/nV,,,, (> Depends on pressure mass and temperature!)

A common "thumb value” for @ in vacuum technology is:  ?
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DY Monolayer coverage

DRESDEN

There is a certain density of adsorption sites @ at the

f surface.
7 We make the following assumptions:

i) Every arriving particle adsorbs i.e. Sticking coefficient =1

l’g’i’w’ (not generally valid!)
Ll L LA ii) The growth in the second layer does not start before

L LY every site in the first layer is occupied

(also not generally valid!)

Ar with a diameter #=0.3nm

Q: Which time 1 is required for the formation of a complete monolayer?

Answer: 1= a/Z, = 4a/nv,.,, (> Depends on pressure mass and temperaturel!)

A common "thumb value” for @ in vacuum technology is: a=1-101° [l/mz]

This turns out for a typical gas particle like Ar with a diameter &=0.3nm
in a checkered arrangement a=1/&2 = 1-10%° [1/m?]
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How long is the
monolayer coverage
time?

Based on a pressure of
0.1 Pa (1-10-3mBar) and

: 0 o~
~NOo 0 PO 20 a temperature of 20°C

Hypothetically we are assuming Ar with a sticking
coefficient of 1 (Non realistic, but for a "cryo-surface”

possible)
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How long is the
monolayer coverage

O : O\ time?
25 gggggoo = Based on a pressure of
(@ 250, &ﬁaf 0.1 Pa (1-10-3mBar) and
~O_ 0 PO 2 a femperature of 20°C

Hypothetically we are assuming Ar with a sticking
coefficient of 1 (Non realistic, but for a "cryo-surface”
possible)
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How long is the
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Q@ SN——=_ monolayer coverage
o0 > COOC N :
,C—/O\/ o 00O 30- time?
gg” S L cog %p Basedon apressure of
O O o0 C Cnbop 0.1 Pa (1'103*mBar) and
Cocl o 000 o
o o6 PO 22 a temperature of 20°C

Hypothetically we are assuming Ar with a sticking
coefficient of 1 (Non realistic, but for a "cryo-surface”
possible)

_ o %

T $n5=bﬁ’mkr"’av'5'-79ﬁmz—s
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How long is the
monolayer coverage
time?

/ . Based on a pressure of
( £6cs 0.1 Pa(110mBar) and

Q%fg %@ 000 a temperature of 20°C

Hypothetically we are assuming Ar with a sticking
coefficient of 1 (Non realistic, but for a "cryo-surface”
possible)

Clé/ 4113._1_—
e - A

’z’-
E End= oy = 2570 57s

- 79
T (@12 tow U whe) = 531 = 4 msS
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How many Ar particles

4;:‘*’):\\ approach the ftrench opening
. (1X1 pm?) at a pressure of 0.1

, Pa (1-10-3mBar) and a
=i temperature of 20°C ?

N U
21 ¢
;f (85 3343/ 2 -25-1 7

9
K//‘ZS--{04;1;~3 ’2‘23/&/“/-5

Question: Is this much?

How to get this number into a picture?
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e; 7 g How many Ar%ﬂ‘rlcle |
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/bm
‘S, N o | (1X1 ') at a pr'A,sur'e of 0.1
Ract ¢ | 110° nd a
6” of 20°C?
. q ; 6
g/<.1’ es Bl
‘x\ o TR ) s i
@0 / 25—’0 71”_’ i%’/ﬁ,:;;‘.‘s

X Wt
‘(\&zues’non Is this much?

A

oo s How to get this number into a picture?
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(L) Onivewsitar ML coverage time and pressure:

DRESDEN

it
= e
Z. S
! 2KT
P=rIsT T
/Z’_ CL Lt e
i :P/_ £ LT - DT
ISt M F}C‘glﬁ/z;’;
~— a =
( = PV = el = & VEETY
2 K7 =
L IR
Or: = /3
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At 0,1 Pa (10-3mBar) a ML takes 4ms
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At 0,1 Pa (10-3mBar) a ML takes 4ms
at 10> Pa (10-"mBar) aML takes 40s (roughly 1 min)
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At 0,1 Pa (10-3mBar) a ML takes 4ms
at 10> Pa (10-"mBar) aML takes 40s (roughly 1 min)
and at atmosphere a ML takes 4,4 ns!
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At 0,1 Pa (10-3mBar) a ML takes 4ms
at 10> Pa (10-"mBar) aML takes 40s (roughly 1 min)
and at atmosphere a ML takes 4,4 ns!

With the given assumptions:

i) Every arriving particle adsorbs i.e. Sticking coefficient =1
(not generally validl)

ii) The growth in the second layer does not start before
every site in the first layer is occupied
(also not generally valid!)

Which pressure yields a growth rate of 1 monolayer (ML) per second?
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At 0,1 Pa (10-3mBar) a ML takes 4ms
at 10> Pa (10-"mBar) aML takes 40s (roughly 1 min)
and at atmosphere a ML takes 4,4 ns!

With the given assumptions:

i) Every arriving particle adsorbs i.e. Sticking coefficient =1
(not generally validl)

ii) The growth in the second layer does not start before
every site in the first layer is occupied
(also not generally valid!)

Which pressure yields a growth rate of 1 monolayer (ML) per second?

At 1-10° Pa we have 1 ML/40s  => Py /s =110 Pa-40 = 40 -10° Pa
=4 -10° mBar
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At 0,1 Pa (10-3mBar) a ML takes 4ms
at 10> Pa (10-"mBar) aML takes 40s (roughly 1 min)
and at atmosphere a ML takes 4,4 ns!

With the given assumptions:

i) Every arriving particle adsorbs i.e. Sticking coefficient =1
(not generally validl)

ii) The growth in the second layer does not start before
every site in the first layer is occupied
(also not generally valid!)

Which pressure yields a growth rate of 1 monolayer (ML) per second?

At 1-10° Pa we have 1 ML/40s  => Py /s =110 Pa-40 = 40 -10° Pa
=4 -10° mBar
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An example on the practical meaning of that
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Vacuum chamber
or recipient

Crucible with Aluminum

7T
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»Wissen schafft Briicken.«
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