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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,
Impingement rate, monolayer coverage time, mean free path collision rate

2. Pressure Ranges

Viscous, Knudsen, Molecular flow, Rough-, Medium-, High-, Ultrahigh-Vacuum, Heat conduction

3. Vacuum technical terms

Pumping speed, pumping power, gas-flow, residence time, gas flow conduction, impact on tube dimension

4. Vacuum generation

Genealogy of pumps, working principle, assignment to vacuum range

5. Pressure measurement

Direct / Indirect pressure measurement, Different gauges and assignement to vacuum range,
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Viscous, Knudsen, Molecular fl B0 h-, Ultrahigh-Vacuum, Heat conduction

3. Vacuum technical terms

Pumping speed, pumping power, gas-flow, residence time, gas flow conduction, impact on tube dimension

4. Vacuum generation

Genealogy of pumps, working principle, assignment to vacuum range

5. Pressure measurement

Direct / Indirect pressure measurement, Different gauges and assignement to vacuum range, Partial pressure measurement,
interpretation of QMA spectra
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//,f 5. Vacuum measurement \

52 6Gas flow| |5.1. Pressure measurement ‘ 5.3 Partial pressure

e ~
A: Direct or absolute B: Indirect pressure
pressure measurement measurement
= g

Mechanical: Electrical: Birani

y Bending device Baratron -ooren

- Penning
Viscous, Knudsen, Molecular fl - Hot cathode

3. Vacuum technical terms

Pumping speed, pumping power, gas-flow, residence time, gas flow conduction, impact on tube dimension

4. Vacuum generation

Genealogy of pumps, working principle, assignment to vacuum range

5. Pressure measurement

Direct / Indirect pressure measurement, Different gauges and assignement to vacuum range, Partial pressure measurement,
interpretation of QMA spectra
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A technical terms
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Genealogy of pumps, working principle, assignment to vacuum range

5. Pressure measurement

nping power, gas-flow, residence time, gas flow conduction, impact on tube dimension
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interpretation of QMA spectra
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5. Vacuum measurement \

52 6Gas flow| |5.1. Pressure measurement ‘ 5.3 Partial pressure
- ~
A: Direct or absolute B: Indirect pressure
pressure measurement measurement
= <

Mechanical: Electrical: —

. : - Pirani
Bending device Baratron .

- Penning

- Hot cathode

Genealogy of pumps, working principle, assignment to vacuum range

5. Pressure measurement

jas-flow, residence time, gas flow conduction, impact on tube dimension

Direct / Indirect pressure measurement, Different gauges and assignement to vacuum range, Partial pressure measurement,

interpretation of QMA spectra
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5. Vacuum measurement
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pressure measurement measurement
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Mechanical: Electrical: —
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Genealogy of pumps, working principle, assignment to vacuum range

5. Pressure measurement

ow conduction, impact on tube dimension

Direct / Indirect pressure measurement, Different gauges and assignement to vacuum range, Partial pressure measurement,

interpretation of QMA spectra
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Genealogy of pumps, working principle, assignment to vacuum range

5. Pressure measurement

Direct / Indirect pressure measurement, Different gauges and assignement to vacuum range, Partial pressure measurement,

interpretation of QMA spectra
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52 6Gas flow| |5.1. Pressure measurement ‘ 5.3 Partial pressure

Genealogy of pumps, working principle, assignment to vacuum range

5. Pressure measurement
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Direct / Indirect pressure measurement, Different gauges and assignement to vacuum range, Partial pressure measurement,

interpretation of QMA spectra
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Genealogy of pumps, working principle, assignment to vacuum range

5. Pressure measurement

Direct / Indirect pressure measurement, Different gauges and assignement to vacuum range, Partial

interpretation of QMA spectra
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Partial pressures of an Air leak
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Partial pressures of an Air leak
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Ton source

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

Slide: L14 24

Mass separation

Ion detection


http://www.chemgapedia.de/vsengine/topics/de/Chemie/Analytische_00032Chemie/Massenspektrometrie/index.html
https://www.youtube.com/watch?v=NuIH9-6Fm6U

TECHNISCHE
@ UNIVERSITAT
DRESDEN

Mass spectrometer

https://www.youtube.com/watch?v=NuIH9-6 FméU

Ton source

Fokusierungshlende

{Extraktorblanda) lonengualian-
\ Austrittshiends
Kathode \ (Totakiruckmessung)
\ Anode |
\ II
Abschirmung .
. \ 2 - < / \\ {

7&\- -‘Il l \'. | “"l A .‘II Z—"
| \@ sﬁ 1" ? A*“ |

| <;—k ". \_

\ /_

Wy

lonenguelle

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

Slide: L14 25

Mass separation

Ion detection


http://www.chemgapedia.de/vsengine/topics/de/Chemie/Analytische_00032Chemie/Massenspektrometrie/index.html
https://www.youtube.com/watch?v=NuIH9-6Fm6U

TECHNISCHE
@ UNIVERSITAT
DRESDEN

Mass spectrometer

https://www.youtube.com/watch?v=NuIH9-6FméU

Ion source

Fokusierungshlende
{Extraktorblands |lonenguallan-
Austrittshierds

Kathode \ (Totakiruckmessung)
ave
Abschirmung \
'8
\ At \ 2=
|t ‘?-' |
<4 :“-

© J. W. Bartha 2020

TUD internal use only!

Slide: L14 26

Mass separation

Ion detection


http://www.chemgapedia.de/vsengine/topics/de/Chemie/Analytische_00032Chemie/Massenspektrometrie/index.html
https://www.youtube.com/watch?v=NuIH9-6Fm6U

TECHNISCHE
@ UNIVERSITAT
DRESDEN

Mass spectrometer

https://www.youtube.com/watch?v=NuIH9-6FméU

Ion source

Fokusierungshlende
{Extraktorbiancs |lonenguallan-
Austrittshiends

Kathode \ (Totakiruckmessung)
ade
Abschirmung
™
(e |
U\

Mass separation

© J. W. Bartha 2020

TUD internal use only!

Slide: L14 27 i b 8 och Bt B I s e

Ion detection


http://www.chemgapedia.de/vsengine/topics/de/Chemie/Analytische_00032Chemie/Massenspektrometrie/index.html
https://www.youtube.com/watch?v=NuIH9-6Fm6U

TECHNISCHE
@ UNIVERSITAT
DRESDEN

Mass spectrometer

https://www.youtube.com/watch?v=NuIH9-6FméU

Ion source

Fokusierungshlende
{Extraktorbiancs |lonenguallan-
Austrittshiends

Kathode \ (Totakiruckmessung)
ade
Abschirmung
™
(e |
U\

Mass separation

l

Magnetic field

© J. W. Bartha 2020

TUD internal use only!

Slide: L14 28 iy b ¥ doch B it B I sk G

Ion detection


http://www.chemgapedia.de/vsengine/topics/de/Chemie/Analytische_00032Chemie/Massenspektrometrie/index.html
https://www.youtube.com/watch?v=NuIH9-6Fm6U

TECHNISCHE
@ UNIVERSITAT
DRESDEN

Mass spectrometer

https://www.youtube.com/watch?v=NuIH9-6FméU

Ion source

Fokusierungshlende
o9

(Extraktorblan lonenguaien-
‘ Austrittebland
i

=
=

Abschirmung

Mass separation

l

Magnetic field

Time of flight

© J. W. Bartha 2020

TUD internal use only!

Slide: L14 29 g b ¥ doch B B I sk G

Ion detection


http://www.chemgapedia.de/vsengine/topics/de/Chemie/Analytische_00032Chemie/Massenspektrometrie/index.html
https://www.youtube.com/watch?v=NuIH9-6Fm6U

D) ismecs Mass spectrometer

DRESDEN https://www.youtube.com/watch?v=NuIH9-6FméU

Ton source Mass separation  Ion detection

okusierungshiende
(Extraktorblande lonengualien-
\ Austrittsbiends
Kathode \ (Totakiruckmessung)
Annde \ \
Abschirmung \ “ 4 I" Ma netic f iel d
7 S DGR Vil 9
[\ 1 Ay Z=—"
\ [IFAN

Time of flight

Quadrupol

© J. W. Bartha 2020

TUD internal use only!

Slide: L14 30 iy b ¥ o B i o i s


http://www.chemgapedia.de/vsengine/topics/de/Chemie/Analytische_00032Chemie/Massenspektrometrie/index.html
https://www.youtube.com/watch?v=NuIH9-6Fm6U

TECHNISCHE
@ UNIVERSITAT
DRESDEN

Mass spectrometer

https://www.youtube.com/watch?v=NuIH9-6FméU

Ion source

Fokusierungshlende
o9

{Extraktorblen lonenguadien
\ Austrittshier
atho( takiruckm ing)
ade
Absct 0
{
\ 2=

Mass separation

Ion detection

Ausgang Trennsysten)

Elekironensupressor

| [ Faraday

Magnetic field

Time of flight

Quadrupol

© J. W. Bartha 2020

TUD internal use only!

Slide: L14 B g bt ¥ o Bl o i s

I

| A |

Varstarkar


http://www.chemgapedia.de/vsengine/topics/de/Chemie/Analytische_00032Chemie/Massenspektrometrie/index.html
https://www.youtube.com/watch?v=NuIH9-6Fm6U

TECHNISCHE
@ UNIVERSITAT
DRESDEN

Mass spectrometer

https://www.youtube.com/watch?v=NuIH9-6FméU

Ion source

ingshiende
O“ noe |.'Jnmu_-dl=.':|»
Austrittshierds
Kathode \ (Totakiruckmessung)
ade \
Abschirmung \
. 2 6
\ At \ 2=
\ [oeliaen
W' |
|\ ‘ﬁ.u
A

Mass separation

l

Magnetic field

Time of flight

Quadrupol

© J. W. Bartha 2020

TUD internal use only!

Slide: L14 32 i bt ¥ i Bt B I s

Ion detection

Ausgang Trennsysten)

Elekironensupressor

| R Faraday

=~y

Varstarkar

~ Multiplier

> B N
\\(L

=


http://www.chemgapedia.de/vsengine/topics/de/Chemie/Analytische_00032Chemie/Massenspektrometrie/index.html
https://www.youtube.com/watch?v=NuIH9-6Fm6U

D) ismecs Mass spectrometer

DRESDEN https://www.youtube.com/watch?v=NuIH9-6FméU

Ton source Mass separation  Ion detection

Ausyang Trennsystern
Fokusierungshlende
fm'.iv-fzfc-(?nca |lonenguallan- Elekironensupressor
\ Austrittshierds
Kathode \ (Totakiruckmessung) - Faraday-Cup Clr'a Gy
\  Anode |\ \

Magnetic field =/ e

\odwny 110 TV i
.‘,"_U‘}r,_u ‘ V] J

Varstarkar

\ /W Time of flight

Quadrupol
~ Multiplier

Llh ) LA AR AN SN QL8
[ o s i e e

o WOV 2 4 R L 200 SN AN 00 (ROCOSA)

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

Slide: L14 33 iy b ¥ o Bl B i s


http://www.chemgapedia.de/vsengine/topics/de/Chemie/Analytische_00032Chemie/Massenspektrometrie/index.html
https://www.youtube.com/watch?v=NuIH9-6Fm6U

TECHNISCHE

UNIVERSITAT Mass SpeCTr‘omeTer'
DRESDEN

https://www.youtube.com/watch?v=NuIH9-6FméU

Ton source Mass separation  Ion detection

Ausyang Trennsystern
Fokusierungshlende
fm'.iv-fzfc-(?nca |lonenguallan- Elekironensupressor
\ Austrittshierds
Kathode \ (Totakiruckmessung)

’ ‘[—\m Faraday
Magnetic field ’ ’L/ 1 Cup

JUSE———

Time of flight EEE -

Quadrupol
~ Multiplier

EON BV Bl SOW 00

Llh ) LA AR AN L !
[ o s i e e

o = = RS R B BNl BN

WOV 2 4 R L LU SN AN 00 (ROCOSA)

=== Ghanneltron....

\ - ¢ .‘.
1 = b [ ettt |
e -
'
’ ]
' v o ;
’ ------- NN\ AR A A e AT AV -
| Witers | =
o)

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

Slide: L14 B i i ¥ i Bl B I s


http://www.chemgapedia.de/vsengine/topics/de/Chemie/Analytische_00032Chemie/Massenspektrometrie/index.html
https://www.youtube.com/watch?v=NuIH9-6Fm6U

TECHNISCHE
@ UNIVERSITAT
DRESDEN

Mass spectrometer

https://www.youtube.com/watch?v=NuIH9-6FméU

Ion source

w ungshlende

C{ nos I.'Jncwu_\dh'rl-
Austrittshierds
Kathode \ (Totakiruckmessung)
Anod \ \
Abschi 0
26 ‘
‘ »"A'-'-.J"‘l \ fa \ z-
AR
‘( (,"ﬁu |
-

Mass separation

l

Magnetic field

Time of flight

Quadrupol

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

Slide: L14 35 ity b ¥ i Bl i B i s e

Ion detection

Ausgang Trennsysten)

Elekironensupressor

| R Faraday

EON N

=y

Varstarkar

) Mul‘rlpluer'

WOV 20N Ko CL SN AUV DV DNOCKONAN)

' /Ghanneltron,.


http://www.chemgapedia.de/vsengine/topics/de/Chemie/Analytische_00032Chemie/Massenspektrometrie/index.html
https://www.youtube.com/watch?v=NuIH9-6Fm6U

D) ismecs Mass spectrometer

DRESDEN https://www.youtube.com/watch?v=NuIH9-6FméU

Ton source Mass separation  Ion detection

Ausyang Trennsystern
Fokusierungshlende
fm'.iv-fzfc-(?nca |lonenguallan- Elekironensupressor
\ Austrittshierds
Kathode \ (Totakiruckmessung) I_\FJD:!‘J';-CL:I Clr'a Gy

Magnetic field T/ cw

\odwny 110 TV i
.‘,"_U‘}r,_u ‘ V] J

) \J Time of flight 1

Varstarkar

Quadrupol
~ Multiplier

Llh ) LA AR AN SN QL8
[ o s i e e

o WOV 2 4 R L 200 SN AN 00 (ROCOSA)

=== Ghanneltron....

—~ c .‘-
! = b [ Vet |
|
- Otrer2ach '
1 W tan Tt Dherticne v
FAAAAAA, AAAAAANA AAAA AA SANA
| Wi W | =
"
i ¢ 10

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

Slide: L14 36 gty ko § dvch Bk o Enoi £ AY venchidee Gaie O G40 SN


http://www.chemgapedia.de/vsengine/topics/de/Chemie/Analytische_00032Chemie/Massenspektrometrie/index.html
https://www.youtube.com/watch?v=NuIH9-6Fm6U

UNIVERSITAT Magnetic filter

DRESDEN

lonenguelle

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

Slide: L14 37


http://www.chemgapedia.de/vsengine/vlu/vsc/de/ch/3/anc/masse/ms_massenanalysator_magnet.vlu/Page/vsc/de/ch/3/anc/masse/2_massenspektrometer/2_4_massenanalysator/2_4_1_magnetfeld/2_4_1_2_mess_magnetf/anschaul/magnet_an_m30ht1102.vscml.html

UNIVERSITAT Magnetic filter

DRESDEN

©

90000

ONCONCNCRONS
CRCNCNCRCNONONORCHONG)

©

lonenguelle

Detektorschirm

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

Slide: L14 38


http://www.chemgapedia.de/vsengine/vlu/vsc/de/ch/3/anc/masse/ms_massenanalysator_magnet.vlu/Page/vsc/de/ch/3/anc/masse/2_massenspektrometer/2_4_massenanalysator/2_4_1_magnetfeld/2_4_1_2_mess_magnetf/anschaul/magnet_an_m30ht1102.vscml.html

UNIVERSITAT Magnetic filter

DRESDEN

90000

©

CRCNCNCRCNONONORCHONG)

©eero

lonenguelle

Detektorschirm

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

Slide: L14 39


http://www.chemgapedia.de/vsengine/vlu/vsc/de/ch/3/anc/masse/ms_massenanalysator_magnet.vlu/Page/vsc/de/ch/3/anc/masse/2_massenspektrometer/2_4_massenanalysator/2_4_1_magnetfeld/2_4_1_2_mess_magnetf/anschaul/magnet_an_m30ht1102.vscml.html

UNIVERSITAT Magnetic filter Y

)
DRESDEN ’& !
@D &
 ——
'
@ @
@ @
© ©
& @
© ©
® ©
® ©
®© ©
@ @
© ©
@ ©

lonenguelle

Detektorschirm

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

Slide: L14 40


http://www.chemgapedia.de/vsengine/vlu/vsc/de/ch/3/anc/masse/ms_massenanalysator_magnet.vlu/Page/vsc/de/ch/3/anc/masse/2_massenspektrometer/2_4_massenanalysator/2_4_1_magnetfeld/2_4_1_2_mess_magnetf/anschaul/magnet_an_m30ht1102.vscml.html

TECHNISCHE s s
UNIVERSITAT Magneh C fl”@f‘ &
DRESDEN A
/4
@D o7
—_—
' ® © vzﬂ
& © m
© ©
® ©
© ©
® ©
® ©
© ©
® ©
© ©
® ©

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

Slide: L14 41

lonenguelle

Detektorschirm



http://www.chemgapedia.de/vsengine/vlu/vsc/de/ch/3/anc/masse/ms_massenanalysator_magnet.vlu/Page/vsc/de/ch/3/anc/masse/2_massenspektrometer/2_4_massenanalysator/2_4_1_magnetfeld/2_4_1_2_mess_magnetf/anschaul/magnet_an_m30ht1102.vscml.html

TECHNISCHE s s
UNIVERSITAT Magneh C fl”@f‘ &
DRESDEN A
/4
@D o7
—_—
' ® © vzﬂ
& © m
© ©
® ©
© ©
® ©
® ©
© ©
® ©
© ©
® ©

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

Slide: L14 42

lonenguelle

Detektorschirm



http://www.chemgapedia.de/vsengine/vlu/vsc/de/ch/3/anc/masse/ms_massenanalysator_magnet.vlu/Page/vsc/de/ch/3/anc/masse/2_massenspektrometer/2_4_massenanalysator/2_4_1_magnetfeld/2_4_1_2_mess_magnetf/anschaul/magnet_an_m30ht1102.vscml.html

TECHNISCHE s s
UNIVERSITAT Magneh C fl”@f‘ &
DRESDEN A
/4
@D o7
—_—
' ® © vzﬂ
& © m
© ©
® ©
© ©
® ©
® ©
© ©
® ©
© ©
® ©

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

Slide: L14 43

lonenguelle

Detektorschirm



http://www.chemgapedia.de/vsengine/vlu/vsc/de/ch/3/anc/masse/ms_massenanalysator_magnet.vlu/Page/vsc/de/ch/3/anc/masse/2_massenspektrometer/2_4_massenanalysator/2_4_1_magnetfeld/2_4_1_2_mess_magnetf/anschaul/magnet_an_m30ht1102.vscml.html

TECHNISCHE s s
UNIVERSITAT Magneh C fl”@f‘ &
DRESDEN A
/4
@D o7
—_—
' ® © vzﬂ
& © m
© ©
® ©
© ©
® ©
® ©
© ©
® ©
© ©
® ©

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

Slide: L14 44

lonenguelle

Detektorschirm



http://www.chemgapedia.de/vsengine/vlu/vsc/de/ch/3/anc/masse/ms_massenanalysator_magnet.vlu/Page/vsc/de/ch/3/anc/masse/2_massenspektrometer/2_4_massenanalysator/2_4_1_magnetfeld/2_4_1_2_mess_magnetf/anschaul/magnet_an_m30ht1102.vscml.html

D) ismecs Magnetic filter y

DRESDEN 9
&/
@D 4
'
o o ,_T4B
e @ m
© ©
@ ©
© ©
© ©
® ©
© ©
®@ ©
® ©
@ ©
Bler " /
lonenguelle P
e . . / ’
a ;
1/ <
b/
| S e
Detektorschirm 6\

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

Slide: L14 45


http://www.chemgapedia.de/vsengine/vlu/vsc/de/ch/3/anc/masse/ms_massenanalysator_magnet.vlu/Page/vsc/de/ch/3/anc/masse/2_massenspektrometer/2_4_massenanalysator/2_4_1_magnetfeld/2_4_1_2_mess_magnetf/anschaul/magnet_an_m30ht1102.vscml.html

D) ismecs Magnetic filter y

DRESDEN 9
&/
@D 4
'
o o ,_T4B
e @ m
© ©
@ ©
© ©
© ©
® ©
© ©
®@ ©
® ©
@ ©
Bler " /
lonenguelle P
e . . / ’
a ;
1/ <
b/
| S e
Detektorschirm 6\

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

Slide: L14 46


http://www.chemgapedia.de/vsengine/vlu/vsc/de/ch/3/anc/masse/ms_massenanalysator_magnet.vlu/Page/vsc/de/ch/3/anc/masse/2_massenspektrometer/2_4_massenanalysator/2_4_1_magnetfeld/2_4_1_2_mess_magnetf/anschaul/magnet_an_m30ht1102.vscml.html

TECHNISCHE
@ UNIVERSITAT
DRESDEN

Magnetic filter v

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

Slide: L14 47

lonenguelle
a

N

<
/4
@ 74
. &L
v rqB
V= —
m

90000

©eero

Bler "
T
=



http://www.chemgapedia.de/vsengine/vlu/vsc/de/ch/3/anc/masse/ms_massenanalysator_magnet.vlu/Page/vsc/de/ch/3/anc/masse/2_massenspektrometer/2_4_massenanalysator/2_4_1_magnetfeld/2_4_1_2_mess_magnetf/anschaul/magnet_an_m30ht1102.vscml.html

TECHNISCHE
@ UNIVERSITAT
DRESDEN

Magnetic filter v

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

Slide: L14 48

lonenguelle
a

N

<
/4
@ 74
. &L
v rqB
V= —
m

90000

©eero

Bler "
T
=



http://www.chemgapedia.de/vsengine/vlu/vsc/de/ch/3/anc/masse/ms_massenanalysator_magnet.vlu/Page/vsc/de/ch/3/anc/masse/2_massenspektrometer/2_4_massenanalysator/2_4_1_magnetfeld/2_4_1_2_mess_magnetf/anschaul/magnet_an_m30ht1102.vscml.html

() bansrs Magnetic filter .
DRESDEN 4;% [
® 7
_— {;L
' ®© © p:ﬂ
@ © m
© ©
@ ®
© ©
© ©
® ®
® ©
@ @
® ©
® ©
Blerw” - /
lonenguelle P
e (|
. |
2V, m | /s N
q \&
r=———
B ..-—‘0

© J. W. Bartha 2020

TUD internal use only!

Slide: L14

http://www.abi-physik.de/buch/das-magnetfeld/massenspektrometer/

49


http://www.chemgapedia.de/vsengine/vlu/vsc/de/ch/3/anc/masse/ms_massenanalysator_magnet.vlu/Page/vsc/de/ch/3/anc/masse/2_massenspektrometer/2_4_massenanalysator/2_4_1_magnetfeld/2_4_1_2_mess_magnetf/anschaul/magnet_an_m30ht1102.vscml.html
http://www.abi-physik.de/buch/das-magnetfeld/massenspektrometer/

TECHNISCHE
@ UNIVERSITAT
DRESDEN

Magnetic filter

o+

Stofiblende

ol i 0 2 |

Beschleunigung¢

P Reglereinstellungen tbernehmen v

Datokior I D

http://www.chemgapedia.de/vsengine/vlu/vsc
/de/ch/3/anc/masse/ms_massenanalysator
magnet.vlu/Page/vsc/de/ch/3/anc/masse/2
massenspektrometer/2_ 4 massenanalysator/
2_4 1 magnetfeld/2 4 1 2 mess magnetf/

anschaul/magnet_an_m30ht1102.vscml.html

© J. W. Bartha 2020

90000

©eero

lonenguelle

TUD internal use only! http://www.abi-physik.de/buch/das-magnetfeld/massenspektrometer/

Slide: L14 50



http://www.chemgapedia.de/vsengine/vlu/vsc/de/ch/3/anc/masse/ms_massenanalysator_magnet.vlu/Page/vsc/de/ch/3/anc/masse/2_massenspektrometer/2_4_massenanalysator/2_4_1_magnetfeld/2_4_1_2_mess_magnetf/anschaul/magnet_an_m30ht1102.vscml.html
http://www.abi-physik.de/buch/das-magnetfeld/massenspektrometer/
http://www.chemgapedia.de/vsengine/vlu/vsc/de/ch/3/anc/masse/ms_massenanalysator_magnet.vlu/Page/vsc/de/ch/3/anc/masse/2_massenspektrometer/2_4_massenanalysator/2_4_1_magnetfeld/2_4_1_2_mess_magnetf/anschaul/magnet_an_m30ht1102.vscml.html

D) ismecs Mass spectrometer

DRESDEN

Ion source Mass separation  Ion detection

Ausyang Trannsysten
w ungshlende
d oo lonenguatien- Elektronensupressor

Austrittshierds

’ ‘[—\H Faraday
AN Magnetic field ’ ‘I / ) | Cup

Varstarkar

\ g M Time of flight

Quadrupol gty
= - Mul‘rlpluer'

EON N

o WOV 7o) (B L) LU SN AN DN DNOCONA)

== _Ghanneltron .

© J. W. Bartha 2020 o v SR
TUD internal use only!

Slide: L14 51 g bt ¥ doch Bl o Eha i s e o N0 S50


http://www.chemgapedia.de/vsengine/topics/de/Chemie/Analytische_00032Chemie/Massenspektrometrie/index.html

D) ismecs Mass spectrometer

DRESDEN

Ion source Mass separation

gshlende
C{ nos |lonengualan-
Austrittshierds
Kathode \ (Totakiruckmessung)
muno g \‘ \ ‘7 ) “, [
"'-.7“_ ".‘ 4(" \ { \ / "\
: ..“ "'A'T.J"“l ‘..I ‘ 0 | EV:. |7 | m e
' I . h l

© J. W. Bartha 2020 o v SR
TUD internal use only!

slide: |_14 B e e <C

Ion detection

Elekironensupressor

Ausgang Trennsysten)

| R Faraday

=y

4

Varstarkar

EON N

) Mul‘rlpluer'

WOIN

20N

Ko A0V DV DNOCKONAN)

- C;-hannel‘rron


http://www.chemgapedia.de/vsengine/topics/de/Chemie/Analytische_00032Chemie/Massenspektrometrie/index.html

TECHNISCHE
UNIVERSITAT
DRESDEN

Time of flight filter

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

Slide: L14

53

electrostatic field
field free region(flight tube)
— @00 ® Q@ o -
electrodes detector

Laser desorption/
ionization

Time-of-Flight /

- A n h



https://youtu.be/mIOe0QPovwg

TECHNISCHE
@ UNIVERSITAT
DRESDEN

© J. W. Bartha 2020

TUD internal use only!

Slide: L14

54

Time of flight filter

TOF Mass Spectrometry

Time
of
Flight

|

electrostatic field
field free region(flight tube)
— @ 0 0 @ o 9 -

electrodes S cxsain ," detector
Laser desorption/ Time-of-Flight /
ionization ) L

intensity ” ’\ "

miz :



https://youtu.be/mIOe0QPovwg
https://www.youtube.com/watch?v=8R1Oyqx5KfE

(D) i Time of flight filter
DRESDEN

TOF Mass Spectrometry

Time
of
Flight

electrostatic field
field free region(flight tube)

|

qV, = -mv
2
— @ 0 0 @ o 9 -
electrodes S cxsain ," detector
| |
: I
Laser desorption/ Time-of-Flight /
ionization )
intensity ” ’\ "
miz :

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

Slide: L14 55


https://youtu.be/mIOe0QPovwg
https://www.youtube.com/watch?v=8R1Oyqx5KfE

TECHNISCHE
@ UNIVERSITAT
DRESDEN

V., =
Va=5

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

Slide: L14 56

Time of flight filter

TOF Mass Spectrometry

Time
of
Flight

|

electrostatic field
field free region(flight tube)
Ve
— @ 0 0 @ o 9 -
electrodes S cxsain ," detector
| |
el |
. ' f
Laser desorption/ Time-of-Flight /
ionization ) L
intensity ” ’\ "
miz :



https://youtu.be/mIOe0QPovwg
https://www.youtube.com/watch?v=8R1Oyqx5KfE

TECHNISCHE
@ UNIVERSITAT
DRESDEN

V., =
Va=5

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

Slide: L14 57

Time of flight filter

TOF Mass Spectrometry

Time
of
Flight

electrostatic field
field free region(flight tube)

 Va
'_.-

@ o ° — 2 qVﬂ @ 0 ] 5
| —— |
\ m
electrodes S cxsain ," detector
; |
) -},“ |
Laser desorption/ Time-of-Flight /
ionization ) L
intensity '. ’\ "
miz ’



https://youtu.be/mIOe0QPovwg
https://www.youtube.com/watch?v=8R1Oyqx5KfE

TECHNISCHE
@ UNIVERSITAT
DRESDEN

V., =
Va=5

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

Slide: L14 58

Time of flight filter

TOF Mass Spectrometry

Time
of
Flight

electrostatic field
field free region(flight tube)

 Va
'_.-

@ o ° — 2 qVﬂ @ 0 ] 5
| —— |
\ m
electrodes S cxsain ," detector
; |
) -},“ |
Laser desorption/ Time-of-Flight /
ionization ) L
intensity '. ’\ "
miz ’



https://youtu.be/mIOe0QPovwg
https://www.youtube.com/watch?v=8R1Oyqx5KfE

TECHNISCHE
UNIVERSITAT
DRESDEN

V., =
Va=5

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

Slide: L14 59

Time of flight filter

TOF Mass Spectrometry

Time
of
Flight

electrostatic field
field free region(flight tube)

I'Va L
'_.-

‘ P = 2 qVﬂ ©) @ o 5

‘ \J 1L I |
el ," detector
|

electrodes

Laser desorption/ Time-of-Flight /
ionization ) L
intensity '. ’\ "
miz ’



https://youtu.be/mIOe0QPovwg
https://www.youtube.com/watch?v=8R1Oyqx5KfE

(L) universimar Time of flight filter

DRESDEN

TOF Mass Spectrometry

Time
of
Flight

1 2 electrostatic field
field f ion(flight tub
an — —Mmv I. V ield free region(flight tube)
2 a L
‘ '—.
@ o ° 2 qVﬂ @ 0 ] 5
V= |/—
| N |
electrodes ot el ," detector
l’,
J

Laser desorption/ Time-of-Flight

S | t N
ionization i | 14 2 q Vﬂ
intensity _
© J. W. Bartha 2020
TUD interiral Sse only! > m
miz

Slide: L14 60



https://youtu.be/mIOe0QPovwg
https://www.youtube.com/watch?v=8R1Oyqx5KfE

(L) universimar Time of flight filter

DRESDEN

TOF Mass Spectrometry

Time
of
Flight

1 2 electrostatic field
field f ion(flight tub
an — —Mmv I. V ield free region(flight tube)
2 a L
‘ '—.
@ o ° 2 qVﬂ @ 0 ] 5
V= |/—
| N |
electrodes ot el ," detector
l’,
J

Laser desorption/ Time-of-Flight

S | t N
ionization i | 14 2 q Vﬂ
intensity _
© J. W. Bartha 2020
TUD interiral Sse only! > m
miz

Slide: L14 61



https://youtu.be/mIOe0QPovwg
https://www.youtube.com/watch?v=8R1Oyqx5KfE

D) ismecs Mass spectrometer

DRESDEN

Ion source Mass separation  Ion detection

Ausyang Trannsysten
w ungshlende
d oo lonenguatien- Elektronensupressor

Austrittshierds

’ ‘[—\H Faraday
AN Magnetic field ’ ‘I / ) | Cup

Varstarkar

\ g M Time of flight

Quadrupol gty
= - Mul‘rlpluer'

EON N

o WOV 7o) (B L) LU SN AN DN DNOCONA)

== _Ghanneltron .

© J. W. Bartha 2020 o v SR
TUD internal use only!

Slide: L14 B2 gty ki ¥ doch B it Era i sk G o N0 S50


http://www.chemgapedia.de/vsengine/topics/de/Chemie/Analytische_00032Chemie/Massenspektrometrie/index.html

D) ismecs Mass spectrometer

DRESDEN

Ion source Mass separation  Ion detection

Ausyang Trannsysten
w ungshlende
d oo lonenguatien- Elektronensupressor

Austrittshierds

Kathods (Totzkiruckmessung) ’ ‘ l_ \ - Faratay-Cup FClr'Gde
\ .;U' ode \ ‘.‘
Abschirmung g \ “\‘ ‘ | / ’ Cup
‘_ :( w“ P K‘ — ’ ‘ ‘
TR "‘ i} r, Ty

Varstarkar

Quadrupole -

) Mul‘rlpluer'

EON N

o WOV 7o) (B L) LU SN AN DN DNOCONA)

== _Ghanneltron .

© J. W. Bartha 2020 o v SR
TUD internal use only!

Slide: L14 63 ity ki ¥ i B i B i sk G o N0 S50


http://www.chemgapedia.de/vsengine/topics/de/Chemie/Analytische_00032Chemie/Massenspektrometrie/index.html

TECHNISCHE -
@umvsnsmn Quadr'upole filter
DRESDEN
https://www.youtube.com/watch?v=6_mavZ WKoU
https://www.youtube.com/watch?v=vuLrmgmJ54E
lonization process of | | mass separation of ions detection of
molecyles according to the myz ratio sclected lons

© J. W. Bartha 2020

1UD Internal use oniy!

slide: |_14

64

https://www.youtube.com/watch?v=aYOCb66nXio

amplifier



https://www.youtube.com/watch?v=6_mavZ_WKoU
https://www.youtube.com/watch?v=aYOCb6GnXio
https://www.youtube.com/watch?v=6_mavZ_WKoU
https://www.youtube.com/watch?v=vuLrmgmJ54E

TECHNISCHE -
@umvsnsmn Quadr'upole filter
DRESDEN
https://www.youtube.com/watch?v=6_mavZ WKoU
https://www.youtube.com/watch?v=vuLrmgmJ54E
lonization process of | | mass separation of ions detection of
molecyles according to the myz ratio sclected lons

© J. W. Bartha 2020

1UD Internal use oniy!

slide: |_14

65

https://www.youtube.com/watch?v=aYOCb66nXio

amplifier



https://www.youtube.com/watch?v=6_mavZ_WKoU
https://www.youtube.com/watch?v=aYOCb6GnXio
https://www.youtube.com/watch?v=6_mavZ_WKoU
https://www.youtube.com/watch?v=vuLrmgmJ54E

(L) universimar Quadrupole filter

DRESDEN

https://www.youtube.com/watch?v=6_mavZ WKoU
https://www.youtube.com/watch?v=vuLrmgmJ54E

sclected ions

(londctccwand
i | amplifier

i _‘@w@‘ ©  [Circuit diagram of the four

- ad rods with
@ Ii.-.(?’!@%)_] 3: mpo‘ccv-coss wt

and the superimposed
Y |OCvoRage U

© J. W. Bartha 2020
1 UD INternal use only!

Side: | 14 8 https://www.youtube.com/watch?v=aYOCbb6nXio



https://www.youtube.com/watch?v=6_mavZ_WKoU
https://www.youtube.com/watch?v=aYOCb6GnXio
https://www.youtube.com/watch?v=6_mavZ_WKoU
https://www.youtube.com/watch?v=vuLrmgmJ54E

TECHNISCHE
@ UNIVERSITAT
DRESDEN

Quadrupole filter

Focussng plite
(extractor ckaphragm) ton source exit
"\ daphragm
Cathode \ (otal pressure measurument)
\ Anode \ y =y
\ \ \l —~TT ) 1\ '\‘_v =
\ \ X g AN\ = YN
Shielding ~_ \ b AN NN it === | 3
N ‘( N ‘.N \ '.t«,_-:o‘-;‘" = | | S
{ \ Il » o et s J "y (X aema
[\ AL ) L 'er’l \ 22— . —T LA
[\l \O0)T a2/
W AN AN
\ - |\ S\
\ ‘Y Y AR
N\ [
W
L J |
lon source Quadrupole separatin systam

Fig. 4.2  Schematic for quadrupofe mass spectrometer

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

Slide: L14 67

Quadrupale exit
diaphragm
\

|

xz plane yz plane
+ Rod: - Rod:
+U -
® Transmission: ® N\ Transmission:
+ full = none
+ Rod: = Rod:
+U+V, cos © -U-V.cos®
® /\/\ Transmission: ®/\/\/ Transmission:
+ low-pass ¥ high-pass

Superimposition of the xy and yz planes

iv“ yZ

=

% .. Selectivity (resolution)

<+— Sensitivity

\L/J-ﬁxed)

Fig. 4.5  Phenomenological explanation of the separation system




TECHNISCHE
@ UNIVERSITAT
DRESDEN

Quadrupole filter

Focussng plate diaphragm
(axtractar ckaphragm) lon source exit \
\ daphragm
Cathode \ tlolal pressurs mnssu«mnunn
\ Aurx!c \ - —\;:-\_7— =
\ ) — ‘ & =
e . ?—\ ™\ M\ ,‘\1 = Y — | T
'-‘ ‘‘‘‘‘ J) =
o\ (4 p, S
\v \ __.4‘ -,
\ \ \T‘Q‘\A \ ' ‘,\‘ ’l ]‘ 4
\ J AN 4 \ J
\ Y .#’(\ ] \J
\ ,4"— P
L J |
lon source Ouadrupole separatn system
Fig. 4.2  Schematic for quadrupofe mass spectrometer
lon iramctones
X component Y componem
A Mass 27 Mass 27
Mass 28 Mass 28

’ Mass 29 ’mw Mass 29

Quadrupale exit

© J. W. Bartha 2020

xz plane yz plane
+ Rod: - Rod:
+U -U
® Transmission: ® N\ Transmission:
+ full = none
+ Rod: = Rod:
+U+V, cos © -U-V.cos®
® /\/\ Transmission: ®/\/\/ Transmission:
+ low-pass ¥ high-pass

Superimposition of the xy and yz planes

i'“ yZ Xz (

Ufived)
\

v

% . Selectivity (resolution) ~ <— Sensitivity

TUD internal use only!

Slide: L14 68

Fig. 4.5  Phenomenological explanation of the separation system




TECHNISCHE d I f : H.
UNIVERSITAT uadarupoile rtirer
DRESDEN
Quadrupale exit
Focussng plate diaphragm
{@xtractor ckaphragm) lon source exit \
\ daphragm
Cathode \, (lotal pressure maasurament)
\  Anode \ 'l\ y
\ 'l‘ \
. A A \\\k 3 xz plane yz plane
Iv"-‘-\ "»v 2 \| AP "‘J,-:.
] \ ‘ﬁi \" (- TV | ; o + Rod: - Rod:
| '\':m,‘k\‘l_, ‘| \V ] \\‘ ) \].._—-, 1 WU —U
' ." 'F_Yz.'./ = ® Transmission: ®\ Transmission:
N + full = none
L ' I L 3 | + Rod: = Rod:
on source uadrupole separaban system 2 +U+V. cos @ —U-V - cos @
Gy |flthmme | g S|
ransmission: Transmission:
+ low-pass ¥ high-pass

Fig. 4.2  Schematic for quadrupofe mass spectrometer

1ot irapmctones

X component

AVA\

Y componem

Mass 27

S

Mass 28 Mass 28
Mass 29

’mw Mass 29

\

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

Slide: L14 69

\ 4 V2

Superimposition of the xy and yz planes

\

Xz

% .. Selectivity (resolution)

<+— Sensitivity

( \L/J-ﬁxed)

Fig. 4.5  Phenomenological explanation of the separation system




TECHNISCHE Wilpi=®) T~ ) :
g:g/s%%sdmr CAMPUS _’ IHTCPPPZTGTIOH of mass SPZCTI"G

"VTLOlc 18:10

Signal (w.E.)

whk 18
8

[ Untergrund
or 17 Fiillgas

' 28
A 14 20 j

10\ 16 || ¥ 32 40

2k 22

TRV | S

1

] 3

0 10 20 30 40 50 80

Massenzahl (A.E.) mie

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

Slide: L14 70


https://videocampus.sachsen.de/m/8b379305b72f647f75ffe9dc2693d531e6448f1b549de7112aae55cdff61ce6d1bd0482a1614eb13502363620fe7daca0eb5369d9dd475a062e81a9386fd372c

TECHNISCHE WVilp]= »)

UNIVERSITAT @Mp& ’. ‘
DRESDEN SACHSEN i

"VTLO1lc 18:10

Interpretation of mass spectra

Signal (w.E.)

> 1 2
18 H He
10y 1.008 : 4003
- 3| 4 s 167 8] 09 |10
C) 5 Li | Be Lo B|C|N|O| F|Ne
! Unterarund 6941 | 9012 Periodic Table of the Elements i linaei] sings Biscas Livoss] sive
) o 11| 12 13 | 14 |15 |16 | 17 | 18
o o 17 Filigas Na | Mg Al[Si| P| S|Cl|Ar
- 2 8 22,990 | 24.305 26.982 | 28.086 | 30.974 | 32.066 | 35.453 | 39.948
A K 14 \ 20 19 | 20 | 21 | 22 | 23 | 24 | 25 | 26 | 27 | 28 | 29 | 30 | 31 | 32 | 33 | 34 | 35 | 36
I j K|Ca|[Sc|Ti|V | Cr|Mn|Fe|Co|Ni| Cul Zn| Ga| Ge| As| Se | Br | Kr
1 0 1 6 ‘ 3 2 40 39.008 | 40.078 | 44956 | 47.88 | 50.942 | 51,996 | 54.93 | 55.847 | 58.933 | 58.69 | 63.546 | 6539 | 69.723 | 72.61 | 74.922 | 7896 | 79.904 | 83.80
2p & 22 J 37 | 38 | 39 | 40 | 41 | 42 | 43 | 44 | 45 | 46 | 47 | 48 | 49 | S0 | 51 | 52 | 53 | 54
» \ v ¢ Rb|Sr|Y | Zr| Nb/Mo| Tc|Ru | Rh| Pd| Ag| Cd| In | Sn| Sb| Te| I | Xe
0 = 85.468 87.62 | 88,906 | 91.224 | 92906 | 9594 (98) 101.07 (102906 | 106.42 |107.868 [ 112.411 | 114.82 | 118.72 | 121.75 | 127.60 [126.906 | 131.29
.. ..o [55[56 |70 [72 73|74 |75 |76 |77 |78 [ 7 [8 |8 |8 |8 |8 [8 |86
0 10 20 30 40 50 60 Cs |Ba| Lu| Hf | Ta| W |Re |[Os [Ir |Pt |Au | Hg| Tl | Pb| Bi | Po| At | Rn
Massenzahl ( A E ) mle 132,905 | 137.327 | 174.967 | 178.49 | 180,948 | 183.85 | 186.207 [ 190.2 | 192.22 | 195.08 | 196.967 | 200.59 | 204.383| 207.2 |209.980| (209) (210) (222)

o 87 | 88 | 103| 104| 105| 106| 107 | 108 | 109 110| 111|112

Fr |Ra |Lr
(223) |226.025| (262) (261) (262) (263) {262) (265) (268) (269) (272) @m

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

Slide: L14 71


https://videocampus.sachsen.de/m/8b379305b72f647f75ffe9dc2693d531e6448f1b549de7112aae55cdff61ce6d1bd0482a1614eb13502363620fe7daca0eb5369d9dd475a062e81a9386fd372c

TECHNISCHE RViIDl=@®) ‘ B )
UNIVERSITAT /
DRESDEN .

SACHSEN

"VTLOlc 18:10

Interpretation of mass spectra

Signal (w.E.)

1wk 18
ap
[ Untergrund
or 17 Fiillgas
o 28
A NL 20 j
10 16 32 40
2p 22
RRY | I
1
] 3
0 10 20 30 40 08
Massenzahl (A.E.) mie

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

Slide: L14 72

1 2
H He
1.008 4,003
3 4 5 6 7 8 9 | 10
Li | Be Lo B |C |N|[O]| F| Ne
6941 | 9012 Periodic Table of the Elements 10811 | 12011 | 14007 | 15999 | 18.998 | 20.180
1| 12 13 | 14 [ 1516 |17 |18
Na | Mg Al[{Si| P| S| Cl| Ar
22.990 | 24.305 26.982 | 28.086 | 30.974 | 32.066 | 35.453 | 39.948
19 | 20 | 21 | 22 | 23 [ 24 [ 25 [ 26 [ 27 [ 28 [ 29 [ 30 [ 31 [ 32|33 ]34 ] 35 | 36
K |[Ca|[Sc|Ti|V | Cr|Mn|Fe|Co|Ni|Cu|Zn| Ga| Ge| As| Se | Br | Kr
39.008 | 40.078 | 44956 | 47.88 | 50.942 | 51,996 | 54.93 | 55.847 | 58.933 | 58.69 | 63.546 | 6539 | 69.723 | 72.61 | 74.922 | 7896 | 79.904 | 83.80
37 | 38 | 39 | 40 | 41 | 42 | 43 | 44 | 45 | 46 | 47 | 48 | 49 [ 50 [ 51 | 52 | 53 | 54
Rb|Sr|Y |Zr| Nb/Mo| Tc|Ru | Rh| Pd| Ag| Cd| In [ Sn | Sb| Te| I | Xe
85.468 87.62 | 88.906 | 91.224 | 92906 | 95.94 (98) 101.07 (102906 | 106.42 |107.868 [ 112.411 | 114.82 | 118.72 | 121.75 | 127.60 [126.906 | 131.29
55 | 56 | 71 | 72 | 73 | 74 | 75 | 76 | 77 | 78 | 79 | 80 | 81 | 82 | 83 | 84 | 85 | 86
Cs |Ba|Lu| Hf | Ta| W [Re |Os |Ir [Pt ([Au| Hg| Tl | Pb| Bi | Po| At | Rn
132,905 | 137.327 | 174.967 | 178.49 | 180,948 | 183.85 | 186.207 [ 190.2 | 192.22 | 195.08 | 196.967 | 200.59 | 204.383| 207.2 |209.980| (209) (210) (222)
87 | 88 | 103] 104 105] 106 | 107 108 | 109 110| 111]112
Fr |Ra |Lr

(223) |226.025| (262) (261) (262) (263) {262) (265) (268) (269) (272) @m



https://videocampus.sachsen.de/m/8b379305b72f647f75ffe9dc2693d531e6448f1b549de7112aae55cdff61ce6d1bd0482a1614eb13502363620fe7daca0eb5369d9dd475a062e81a9386fd372c

TECHNISCHE Wilpi=®) ‘ [
UNIVERSITAT /
DRESDEN AT

SACHSEN

"VTLOlc 18:10

Interpretation of mass spectra

10 18
-
ap
3 Untergrund
W 6 Fill
g - 17 iiligas
©
[ -~
2
7}
40
1
2 a s - ' - s - ' A - A -
0 10 20 30 40 S0 60
mie

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

Slide: L14

73

Massenzahl (A.E.)

1 2
H He
1.008 4,003
3 4 5 6 7 8 9 | 10
Li | Be Lo B |C |N|[O]| F| Ne
6941 | 9012 Periodic Table of the Elements 10811 | 12011 | 14007 | 15999 | 18.998 | 20.180
1| 12 13 | 14 [ 1516 |17 |18
Na | Mg Al[{Si| P| S| Cl| Ar
22.990 | 24.305 26.982 | 28.086 | 30.974 | 32.066 | 35.453 | 39.948
19 | 20 | 21 | 22 | 23 [ 24 [ 25 [ 26 [ 27 [ 28 [ 29 [ 30 [ 31 [ 32|33 ]34 ] 35 | 36
K |[Ca|[Sc|Ti|V | Cr|Mn|Fe|Co|Ni|Cu|Zn| Ga| Ge| As| Se | Br | Kr
39.008 | 40.078 | 44956 | 47.88 | 50.942 | 51,996 | 54.93 | 55.847 | 58.933 | 58.69 | 63.546 | 6539 | 69.723 | 72.61 | 74.922 | 7896 | 79.904 | 83.80
37 | 38 | 39 | 40 | 41 | 42 | 43 | 44 | 45 | 46 | 47 | 48 | 49 [ 50 [ 51 | 52 | 53 | 54
Rb|Sr|Y |Zr| Nb/Mo| Tc|Ru | Rh| Pd| Ag| Cd| In [ Sn | Sb| Te| I | Xe
85.468 87.62 | 88.906 | 91.224 | 92906 | 95.94 (98) 101.07 (102906 | 106.42 |107.868 [ 112.411 | 114.82 | 118.72 | 121.75 | 127.60 [126.906 | 131.29
55 | 56 | 71 | 72 | 73 | 74 | 75 | 76 | 77 | 78 | 79 | 80 | 81 | 82 | 83 | 84 | 85 | 86
Cs |Ba|Lu| Hf | Ta| W [Re |Os |Ir [Pt ([Au| Hg| Tl | Pb| Bi | Po| At | Rn
132,905 | 137.327 | 174.967 | 178.49 | 180,948 | 183.85 | 186.207 [ 190.2 | 192.22 | 195.08 | 196.967 | 200.59 | 204.383| 207.2 |209.980| (209) (210) (222)
87 | 88 | 103] 104 105] 106 | 107 108 | 109 110| 111]112
Fr |Ra |Lr
(223) |226.025| (262) (261) (262) (263) {262) (265) (268) (269) (272) @m



https://videocampus.sachsen.de/m/8b379305b72f647f75ffe9dc2693d531e6448f1b549de7112aae55cdff61ce6d1bd0482a1614eb13502363620fe7daca0eb5369d9dd475a062e81a9386fd372c

TECHNISCHE Wilpi=®) ‘ [
UNIVERSITAT /
DRESDEN AT

SACHSEN

"VTLOlc 18:10

Interpretation of mass spectra

10 18
-
ap
3 Untergrund
W 6 Fill
g - 17 iiligas
©
[ -~
2
7}
40
1
2 a s - ' - s - ' A - A -
0 10 20 30 40 S0 60
mie

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

Slide: L14

74

Massenzahl (A.E.)

1 2
H He
1.008 4,003
3 4 5 6 7 8 9 | 10
Li | Be Lo B |C |N|[O]| F| Ne
6941 | 9012 Periodic Table of the Elements 10811 | 12011 | 14007 | 15999 | 18.998 | 20.180
1| 12 13 | 14 [ 1516 |17 |18
Na | Mg Al[{Si| P| S| Cl| Ar
22.990 | 24.305 26.982 | 28.086 | 30.974 | 32.066 | 35.453 | 39.948
19 | 20 | 21 | 22 | 23 [ 24 [ 25 [ 26 [ 27 [ 28 [ 29 [ 30 [ 31 [ 32|33 ]34 ] 35 | 36
K |[Ca|[Sc|Ti|V | Cr|Mn|Fe|Co|Ni|Cu|Zn| Ga| Ge| As| Se | Br | Kr
39.008 | 40.078 | 44956 | 47.88 | 50.942 | 51,996 | 54.93 | 55.847 | 58.933 | 58.69 | 63.546 | 6539 | 69.723 | 72.61 | 74.922 | 7896 | 79.904 | 83.80
37 | 38 | 39 | 40 | 41 | 42 | 43 | 44 | 45 | 46 | 47 | 48 | 49 [ 50 [ 51 | 52 | 53 | 54
Rb|Sr|Y |Zr| Nb/Mo| Tc|Ru | Rh| Pd| Ag| Cd| In [ Sn | Sb| Te| I | Xe
85.468 87.62 | 88.906 | 91.224 | 92906 | 95.94 (98) 101.07 (102906 | 106.42 |107.868 [ 112.411 | 114.82 | 118.72 | 121.75 | 127.60 [126.906 | 131.29
55 | 56 | 71 | 72 | 73 | 74 | 75 | 76 | 77 | 78 | 79 | 80 | 81 | 82 | 83 | 84 | 85 | 86
Cs |Ba|Lu| Hf | Ta| W [Re |Os |Ir [Pt ([Au| Hg| Tl | Pb| Bi | Po| At | Rn
132,905 | 137.327 | 174.967 | 178.49 | 180,948 | 183.85 | 186.207 [ 190.2 | 192.22 | 195.08 | 196.967 | 200.59 | 204.383| 207.2 |209.980| (209) (210) (222)
87 | 88 | 103] 104 105] 106 | 107 108 | 109 110| 111]112
Fr |Ra |Lr
(223) |226.025| (262) (261) (262) (263) {262) (265) (268) (269) (272) @m



https://videocampus.sachsen.de/m/8b379305b72f647f75ffe9dc2693d531e6448f1b549de7112aae55cdff61ce6d1bd0482a1614eb13502363620fe7daca0eb5369d9dd475a062e81a9386fd372c

TECHNISCHE Wilpi=®) ‘ [
UNIVERSITAT /
DRESDEN AT

SACHSEN

"VTLOlc 18:10

Interpretation of mass spectra

10 18
-
8
3 Untergrund
w 6 Fill
~ - 17 illgas
L]
[ -~
2
(7]
Ar
1
2 a s - ' - s - ' A - A -
0 10 20 30 40 50 60
mie

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

Slide: L14

75

Massenzahl (A.E.)

1 2
H He
1.008 4,003
3 4 5 6 7 8 9 | 10
Li | Be Lo B |C |N|[O]| F| Ne
6941 | 9012 Periodic Table of the Elements 10811 | 12011 | 14007 | 15999 | 18.998 | 20.180
1| 12 13 | 14 [ 1516 |17 |18
Na | Mg Al[{Si| P| S| Cl| Ar
22.990 | 24.305 26.982 | 28.086 | 30.974 | 32.066 | 35.453 | 39.948
19 | 20 | 21 | 22 | 23 [ 24 [ 25 [ 26 [ 27 [ 28 [ 29 [ 30 [ 31 [ 32|33 ]34 ] 35 | 36
K |[Ca|[Sc|Ti|V | Cr|Mn|Fe|Co|Ni|Cu|Zn| Ga| Ge| As| Se | Br | Kr
39.008 | 40.078 | 44956 | 47.88 | 50.942 | 51,996 | 54.93 | 55.847 | 58.933 | 58.69 | 63.546 | 6539 | 69.723 | 72.61 | 74.922 | 7896 | 79.904 | 83.80
37 | 38 | 39 | 40 | 41 | 42 | 43 | 44 | 45 | 46 | 47 | 48 | 49 [ 50 [ 51 | 52 | 53 | 54
Rb|Sr|Y |Zr| Nb/Mo| Tc|Ru | Rh| Pd| Ag| Cd| In [ Sn | Sb| Te| I | Xe
85.468 87.62 | 88.906 | 91.224 | 92906 | 95.94 (98) 101.07 (102906 | 106.42 |107.868 [ 112.411 | 114.82 | 118.72 | 121.75 | 127.60 [126.906 | 131.29
55 | 56 | 71 | 72 | 73 | 74 | 75 | 76 | 77 | 78 | 79 | 80 | 81 | 82 | 83 | 84 | 85 | 86
Cs |Ba|Lu| Hf | Ta| W [Re |Os |Ir [Pt ([Au| Hg| Tl | Pb| Bi | Po| At | Rn
132,905 | 137.327 | 174.967 | 178.49 | 180,948 | 183.85 | 186.207 [ 190.2 | 192.22 | 195.08 | 196.967 | 200.59 | 204.383| 207.2 |209.980| (209) (210) (222)
87 | 88 | 103] 104 105] 106 | 107 108 | 109 110| 111]112
Fr |Ra |Lr
(223) |226.025| (262) (261) (262) (263) {262) (265) (268) (269) (272) @m



https://videocampus.sachsen.de/m/8b379305b72f647f75ffe9dc2693d531e6448f1b549de7112aae55cdff61ce6d1bd0482a1614eb13502363620fe7daca0eb5369d9dd475a062e81a9386fd372c

TECHNISCHE Wilpi=®) ‘ [
UNIVERSITAT /
DRESDEN AT

SACHSEN

"VTLOlc 18:10

Interpretation of mass spectra

10 18
-
8
3 Untergrund
w 6 Fill
~ - 17 illgas
L]
[ -~
2
(7]
Ar
1
2 a s - ' - s - ' A - A -
0 10 20 30 40 50 60
mie

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

Slide: L14

76

Massenzahl (A.E.)

1 2
H He
1.008 4,003
3 4 5 6 7 8 9 | 10
Li | Be Lo B |C |N|[O]| F| Ne
6941 | 9012 Periodic Table of the Elements 10811 | 12011 | 14007 | 15999 | 18.998 | 20.180
1| 12 13 | 14 [ 1516 |17 |18
Na | Mg Al[{Si| P| S| Cl| Ar
22.990 | 24.305 26.982 | 28.086 | 30.974 | 32.066 | 35.453 | 39.948
19 | 20 | 21 | 22 | 23 [ 24 [ 25 [ 26 [ 27 [ 28 [ 29 [ 30 [ 31 [ 32|33 ]34 ] 35 | 36
K |[Ca|[Sc|Ti|V | Cr|Mn|Fe|Co|Ni|Cu|Zn| Ga| Ge| As| Se | Br | Kr
39.008 | 40.078 | 44956 | 47.88 | 50.942 | 51,996 | 54.93 | 55.847 | 58.933 | 58.69 | 63.546 | 6539 | 69.723 | 72.61 | 74.922 | 7896 | 79.904 | 83.80
37 | 38 | 39 | 40 | 41 | 42 | 43 | 44 | 45 | 46 | 47 | 48 | 49 [ 50 [ 51 | 52 | 53 | 54
Rb|Sr|Y |Zr| Nb/Mo| Tc|Ru | Rh| Pd| Ag| Cd| In [ Sn | Sb| Te| I | Xe
85.468 87.62 | 88.906 | 91.224 | 92906 | 95.94 (98) 101.07 (102906 | 106.42 |107.868 [ 112.411 | 114.82 | 118.72 | 121.75 | 127.60 [126.906 | 131.29
55 | 56 | 71 | 72 | 73 | 74 | 75 | 76 | 77 | 78 | 79 | 80 | 81 | 82 | 83 | 84 | 85 | 86
Cs |Ba|Lu| Hf | Ta| W [Re |Os |Ir [Pt ([Au| Hg| Tl | Pb| Bi | Po| At | Rn
132,905 | 137.327 | 174.967 | 178.49 | 180,948 | 183.85 | 186.207 [ 190.2 | 192.22 | 195.08 | 196.967 | 200.59 | 204.383| 207.2 |209.980| (209) (210) (222)
87 | 88 | 103] 104 105] 106 | 107 108 | 109 110| 111]112
Fr |Ra |Lr
(223) |226.025| (262) (261) (262) (263) {262) (265) (268) (269) (272) @m



https://videocampus.sachsen.de/m/8b379305b72f647f75ffe9dc2693d531e6448f1b549de7112aae55cdff61ce6d1bd0482a1614eb13502363620fe7daca0eb5369d9dd475a062e81a9386fd372c

TECHNISCHE
UNIVERSITAT éla%%%g _’ ‘

DRESDEN

SACHSEMN

"VTLOlc 18:10

Interpretation of mass spectra

0] 8 18
-
ap
[ Untergrund
u 6 -
g [ 17 iiligas
®
[~
2
(7]
Ar
l
2 a 2 2 2 2 = a = N 2 & -
Massenzahl (A.E.) mie

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

Slide: L14

7

1 2
H He
1.008 4,003
3 4 5 6 7 8 9 | 10
Li | Be Lo B |C |N|[O]| F| Ne
6941 | 9012 Periodic Table of the Elements 10811 | 12011 | 14007 | 15999 | 18.998 | 20.180
1| 12 13 | 14 [ 1516 |17 |18
Na | Mg Al[{Si| P| S| Cl| Ar
22.990 | 24.305 26.982 | 28.086 | 30.974 | 32.066 | 35.453 | 39.948
19 | 20 | 21 | 22 | 23 [ 24 [ 25 [ 26 [ 27 [ 28 [ 29 [ 30 [ 31 [ 32|33 ]34 ] 35 | 36
K |[Ca|[Sc|Ti|V | Cr|Mn|Fe|Co|Ni|Cu|Zn| Ga| Ge| As| Se | Br | Kr
39.008 | 40.078 | 44956 | 47.88 | 50.942 | 51,996 | 54.93 | 55.847 | 58.933 | 58.69 | 63.546 | 6539 | 69.723 | 72.61 | 74.922 | 7896 | 79.904 | 83.80
37 | 38 | 39 | 40 | 41 | 42 | 43 | 44 | 45 | 46 | 47 | 48 | 49 [ 50 [ 51 | 52 | 53 | 54
Rb|Sr|Y |Zr| Nb/Mo| Tc|Ru | Rh| Pd| Ag| Cd| In [ Sn | Sb| Te| I | Xe
85.468 87.62 | 88.906 | 91.224 | 92906 | 95.94 (98) 101.07 (102906 | 106.42 |107.868 [ 112.411 | 114.82 | 118.72 | 121.75 | 127.60 [126.906 | 131.29
55 | 56 | 71 | 72 | 73 | 74 | 75 | 76 | 77 | 78 | 79 | 80 | 81 | 82 | 83 | 84 | 85 | 86
Cs |Ba|Lu| Hf | Ta| W [Re |Os |Ir [Pt ([Au| Hg| Tl | Pb| Bi | Po| At | Rn
132,905 | 137.327 | 174.967 | 178.49 | 180,948 | 183.85 | 186.207 [ 190.2 | 192.22 | 195.08 | 196.967 | 200.59 | 204.383| 207.2 |209.980| (209) (210) (222)
87 | 88 | 103] 104 105] 106 | 107 108 | 109 110| 111]112
Fr |Ra |Lr
(223) |226.025| (262) (261) (262) (263) {262) (265) (268) (269) (272) @m
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1 2
H He
1.008 4,003
3 4 5 6 7 8 9 | 10
Li | Be Lo B |C |N|[O]| F| Ne
6941 | 9012 Periodic Table of the Elements 10811 | 12011 | 14007 | 15999 | 18.998 | 20.180
1| 12 13 | 14 [ 1516 |17 |18
Na | Mg Al[{Si| P| S| Cl| Ar
22.990 | 24.305 26.982 | 28.086 | 30.974 | 32.066 | 35.453 | 39.948
19 | 20 | 21 | 22 | 23 [ 24 [ 25 [ 26 [ 27 [ 28 [ 29 [ 30 [ 31 [ 32|33 ]34 ] 35 | 36
K |[Ca|[Sc|Ti|V | Cr|Mn|Fe|Co|Ni|Cu|Zn| Ga| Ge| As| Se | Br | Kr
39.008 | 40.078 | 44956 | 47.88 | 50.942 | 51,996 | 54.93 | 55.847 | 58.933 | 58.69 | 63.546 | 6539 | 69.723 | 72.61 | 74.922 | 7896 | 79.904 | 83.80
37 | 38 | 39 | 40 | 41 | 42 | 43 | 44 | 45 | 46 | 47 | 48 | 49 [ 50 [ 51 | 52 | 53 | 54
Rb|Sr|Y |Zr| Nb/Mo| Tc|Ru | Rh| Pd| Ag| Cd| In [ Sn | Sb| Te| I | Xe
85.468 87.62 | 88.906 | 91.224 | 92906 | 95.94 (98) 101.07 (102906 | 106.42 |107.868 [ 112.411 | 114.82 | 118.72 | 121.75 | 127.60 [126.906 | 131.29
55 | 56 | 71 | 72 | 73 | 74 | 75 | 76 | 77 | 78 | 79 | 80 | 81 | 82 | 83 | 84 | 85 | 86
Cs |Ba|Lu| Hf | Ta| W [Re |Os |Ir [Pt ([Au| Hg| Tl | Pb| Bi | Po| At | Rn
132,905 | 137.327 | 174.967 | 178.49 | 180,948 | 183.85 | 186.207 [ 190.2 | 192.22 | 195.08 | 196.967 | 200.59 | 204.383| 207.2 |209.980| (209) (210) (222)
87 | 88 | 103] 104 105] 106 | 107 108 | 109 110| 111]112
Fr |Ra |Lr
(223) |226.025| (262) (261) (262) (263) {262) (265) (268) (269) (272) @m
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1 2
H He
1.008 4,003
3 4 5 6 7 8 9 | 10
Li | Be Lo B |C |N|[O]| F| Ne
6941 | 9012 Periodic Table of the Elements 10811 | 12011 | 14007 | 15999 | 18.998 | 20.180
1| 12 13 | 14 [ 1516 |17 |18
Na | Mg Al[{Si| P| S| Cl| Ar
22.990 | 24.305 26.982 | 28.086 | 30.974 | 32.066 | 35.453 | 39.948
19 | 20 | 21 | 22 | 23 [ 24 [ 25 [ 26 [ 27 [ 28 [ 29 [ 30 [ 31 [ 32|33 ]34 ] 35 | 36
K |[Ca|[Sc|Ti|V | Cr|Mn|Fe|Co|Ni|Cu|Zn| Ga| Ge| As| Se | Br | Kr
39.008 | 40.078 | 44956 | 47.88 | 50.942 | 51,996 | 54.93 | 55.847 | 58.933 | 58.69 | 63.546 | 6539 | 69.723 | 72.61 | 74.922 | 7896 | 79.904 | 83.80
37 | 38 | 39 | 40 | 41 | 42 | 43 | 44 | 45 | 46 | 47 | 48 | 49 [ 50 [ 51 | 52 | 53 | 54
Rb|Sr|Y |Zr| Nb/Mo| Tc|Ru | Rh| Pd| Ag| Cd| In [ Sn | Sb| Te| I | Xe
85.468 87.62 | 88.906 | 91.224 | 92906 | 95.94 (98) 101.07 (102906 | 106.42 |107.868 [ 112.411 | 114.82 | 118.72 | 121.75 | 127.60 [126.906 | 131.29
55 | 56 | 71 | 72 | 73 | 74 | 75 | 76 | 77 | 78 | 79 | 80 | 81 | 82 | 83 | 84 | 85 | 86
Cs |Ba|Lu| Hf | Ta| W [Re |Os |Ir [Pt ([Au| Hg| Tl | Pb| Bi | Po| At | Rn
132,905 | 137.327 | 174.967 | 178.49 | 180,948 | 183.85 | 186.207 [ 190.2 | 192.22 | 195.08 | 196.967 | 200.59 | 204.383| 207.2 |209.980| (209) (210) (222)
87 | 88 | 103] 104 105] 106 | 107 108 | 109 110| 111]112
Fr |Ra |Lr
(223) |226.025| (262) (261) (262) (263) {262) (265) (268) (269) (272) @m
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1 2
H He
1.008 4,003
3 4 5 6 7 8 9 | 10
Li | Be Lo B |C |N|[O]| F| Ne
6941 | 9012 Periodic Table of the Elements 10811 | 12011 | 14007 | 15999 | 18.998 | 20.180
1| 12 13 | 14 [ 1516 |17 |18
Na | Mg Al[{Si| P| S| Cl| Ar
22.990 | 24.305 26.982 | 28.086 | 30.974 | 32.066 | 35.453 | 39.948
19 | 20 | 21 | 22 | 23 [ 24 [ 25 [ 26 [ 27 [ 28 [ 29 [ 30 [ 31 [ 32|33 ]34 ] 35 | 36
K |[Ca|[Sc|Ti|V | Cr|Mn|Fe|Co|Ni|Cu|Zn| Ga| Ge| As| Se | Br | Kr
39.008 | 40.078 | 44956 | 47.88 | 50.942 | 51,996 | 54.93 | 55.847 | 58.933 | 58.69 | 63.546 | 6539 | 69.723 | 72.61 | 74.922 | 7896 | 79.904 | 83.80
37 | 38 | 39 | 40 | 41 | 42 | 43 | 44 | 45 | 46 | 47 | 48 | 49 [ 50 [ 51 | 52 | 53 | 54
Rb|Sr|Y |Zr| Nb/Mo| Tc|Ru | Rh| Pd| Ag| Cd| In [ Sn | Sb| Te| I | Xe
85.468 87.62 | 88.906 | 91.224 | 92906 | 95.94 (98) 101.07 (102906 | 106.42 |107.868 [ 112.411 | 114.82 | 118.72 | 121.75 | 127.60 [126.906 | 131.29
55 | 56 | 71 | 72 | 73 | 74 | 75 | 76 | 77 | 78 | 79 | 80 | 81 | 82 | 83 | 84 | 85 | 86
Cs |Ba|Lu| Hf | Ta| W [Re |Os |Ir [Pt ([Au| Hg| Tl | Pb| Bi | Po| At | Rn
132,905 | 137.327 | 174.967 | 178.49 | 180,948 | 183.85 | 186.207 [ 190.2 | 192.22 | 195.08 | 196.967 | 200.59 | 204.383| 207.2 |209.980| (209) (210) (222)
87 | 88 | 103] 104 105] 106 | 107 108 | 109 110| 111]112
Fr |Ra |Lr
(223) |226.025| (262) (261) (262) (263) {262) (265) (268) (269) (272) @m
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Interpretation of mass spectra

Signal (w.E.)

. 1 2
H,O H He
10p 1.008 , 4003
b 3 [ 4 s {6 [ 7]8 ]9 |10
C) 5 Li | Be Lo B|C|N|O| F|Ne
! Unterarund 6941 | 9012 Periodic Table of the Elements i linaei] sings Biscas Livoss] sive
i o 1| 12 131415161718
°r Ho Fuligas Na | Mg Al|Si| P| S|Cl|Ar
3 Nz 22,990 | 24.305 26.982 | 28.086 | 30.974 | 32.066 | 35453 | 39.948
sk N \ N 19 | 20 | 21 |22 [ 23 [ 24 [ 25 [ 26 [ 27 [ 28 [ 29 [30 [ 31 [ 32 [33 ]34 |35 ] 36
_ ¢ j K (Ca|Sc|Ti|V |Cr|Mn| Fe|Co|Ni|Cu| Zn| Ga| Ge| As| Se | Br | Kr
Ne ++\ ‘ O AA r 39.098 | 40.078 | 44.956 | 47.88 | 50.942 | 51,996 | 54.93 | 55.847 | 58933 | 58.69 | 63.546 | 6539 | 69723 | 72.61 | 74922 | 7896 | 79.904 | 83.80
2p & Ne,, ’(2 37 | 38 | 39 | 40 | 41 | 42 | 43 | 44 [ 45 | 46 | 47 | 48 | 49 [ 50 | 51 [ 52 [ 53 | 54
b ¥ Rb|Sr|Y |Zr| Nb/|Mo| Tc|(Ru | Rh| Pd| Ag| Cd| In | Sn | Sb| Te| I | Xe
l g
ok 85.468 | 87.62 | 88.906 | 91.224 | 92.906 | 95.94 (98) 101.07 [102.906 | 106.42 [107.868 | 112,411 | 114.82 | 118.72 | 121.75 | 127.60 | 126.906 | 131.29
e [s5 56 |70 7273747576 |77 [ 78 |79 (8 |8 |8 |8 |8 |8 |86
0 10 20 30 40 50 60 Cs |Ba| Lu| Hf | Ta| W |Re |[Os [Ir |Pt |Au | Hg| Tl | Pb| Bi | Po| At | Rn
Massenzahl ( A E ) mle 132.905 | 137.327 | 174.967 | 178.49 | 180.948 | 183.85 |186.207 | 190.2 | 192.22 | 195.08 |196.967 | 200.59 | 204.383 ( 207.2 | 209.980| (209) (210) | (222)
o 87 | 88 | 103 104 | 105 106| 107 [ 108| 109 | 110 111112
Fr |Ra |Lr
(223) |226.025| (262) | (261) | (262) | (263) | (262) | (265) (268) | (269) 272) | 27T
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Massenzahl (A.E.)

1 2
H He
1.008 4.003
3 4 5 6 7 8 9 | 10
Li | Be Lo B |C |N|[O]| F| Ne
6941 | 9012 Periodic Table of the Elements 10811 | 12011 | 14007 | 15999 | 18.998 | 20.180
1| 12 13 | 14 [ 1516 |17 |18
Na | Mg Al|Si| P| S| Cl| Ar
22,990 | 24.305 26.982 | 28.086 | 30.974 | 32.066 | 35.453 | 39.948
19 | 20 | 21 | 22 | 23 [ 24 [ 25 [ 26 [ 27 [ 28 [ 29 [ 30 [ 31 [ 32|33 ]34 ] 35 | 36
K|Ca|[Sc|Ti|V | Cr|Mn|Fe|Co|Ni| Cul Zn| Ga| Ge| As| Se | Br | Kr
39.008 | 40.078 | 44956 | 47.88 | 50.942 | 51,996 | 54.93 | 55.847 | 58.933 | 58.69 | 63.546 | 6539 | 69.723 | 72.61 | 74.922 | 7896 | 79.904 | 83.80
37 | 38 | 39 | 40 | 41 | 42 | 43 | 44 | 45 | 46 | 47 | 48 | 49 [ 50 [ 51 | 52 | 53 | 54
Rb|[Sr|Y |Zr|{ Nb/Mo| Tc({Ru | Rh| Pd| Ag| Cd| In | Sn | Sb| Te| I | Xe
85.468 87.62 | 88,906 | 91.224 | 92906 | 9594 (98) 101.07 (102906 | 106.42 |107.868 [ 112.411 | 114.82 | 118.72 | 121.75 | 127.60 [126.906 | 131.29
55 | 56 | 71 | 72 | 73 | 74 | 75 | 76 | 77 | 78 | 79 | 80 | 81 | 82 | 83 | 84 | 85 | 86
Cs |Ba|Lu| Hf | Ta| W [Re |Os |Ir [Pt ([Au| Hg| Tl | Pb| Bi | Po| At | Rn

132,905 | 137.327 | 174.967 | 178.49 | 180,948 | 183.85 | 186.207 [ 190.2 | 192.22 | 195.08 | 196.967 | 200.59 | 204.383| 207.2 |209.980| (209) (210) (222)

87 | 88 | 103] 104 105] 106 | 107 108 | 109 110| 111]112
Fr |Ra |Lr
(223) |226.025| (262) (261) (262) (263) {262) (265) (268) (269) (272) @m
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Massenzahl (A.E.)

1 2
H He
1.008 4.003

3 4 5 6 7 8 9 | 10
Li | Be Lo B |C |N|[O]| F| Ne
6941 | 9012 Periodic Table of the Elements 10811 | 12011 | 14007 | 15999 | 18.998 | 20.180
1| 12 13 | 14 [ 1516 |17 |18
Na | Mg Al|Si| P| S| Cl| Ar
22,990 | 24.305 26.982 | 28.086 | 30.974 | 32.066 | 35.453 | 39.948
19 | 20 | 21 | 22 | 23 [ 24 [ 25 [ 26 [ 27 [ 28 [ 29 [ 30 [ 31 [ 32|33 ]34 ] 35 | 36
K|Ca|[Sc|Ti|V | Cr|Mn|Fe|Co|Ni| Cul Zn| Ga| Ge| As| Se | Br | Kr

39.008 | 40.078 | 44956 | 47.88 | 50.942 | 51,996 | 54.93 | 55.847 | 58.933 | 58.69 | 63.546 | 6539 | 69.723 | 72.61 | 74.922 | 7896 | 79.904 | 83.80
37 | 38 | 39 | 40 | 41 | 42 | 43 | 44 | 45 | 46 | 47 | 48 | 49 [ 50 [ 51 | 52 | 53 | 54
Rb|[Sr|Y |Zr|{ Nb/Mo| Tc({Ru | Rh| Pd| Ag| Cd| In | Sn | Sb| Te| I | Xe
85.468 87.62 | 88,906 | 91.224 | 92906 | 9594 (98) 101.07 (102906 | 106.42 |107.868 [ 112.411 | 114.82 | 118.72 | 121.75 | 127.60 [126.906 | 131.29
55 | 56 | 71 | 72 | 73 | 74 | 75 | 76 | 77 | 78 | 79 | 80 | 81 | 82 | 83 [ 84 | 85 | 86
Cs |Ba|Lu| Hf | Ta| W [Re |Os |Ir [Pt ([Au| Hg| Tl | Pb| Bi | Po| At | Rn
132.905 | 137.327 | 174.967 | 178.49 | 180,948 | 183.85 |186.207 [ 190.2 | 192.22 | 195.08 | 196.967 | 200.59 | 204.383| 207.2 |209.980| (209) (210) (222)

87 | 88 | 103] 104 105] 106 | 107 108 | 109 110| 111]112
Fr [Ra |Lr
(223) |226.025| (262) (261) (262) (263) (262) (265) (268) (269) (272) @m

Effects:

> Fragmentation

» Isotopes

» Multiple charged ions (m/e)
» Mass interference example: N,*=28=CO*
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Massenzahl (A.E.)

Effects:

> Fragmentation
» Isotopes

» Multiple charged ions (m/e)
» Mass interference example: N,*=28=CO*

1 2
H He
1.008 4003
3 4 5 6 7 8 9 10
Li | Be B |C|N|O| F|Ne
6.941 | 9.012 Periodic Table of the Elements 10811 | 12,011 | 14.007 | 15999 | 18.998 | 20.180
11 12 13 14 15 16 17 18
Na | Mg Al|Si| P| S| Cl| Ar
22.990 | 24.305 26982 | 28.086 | 30.974 | 32.066 | 35.453 | 39.948
19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
K |Ca|Sc|Ti|V |Cr|{Mn| Fe|Co|Ni|Cu| Zn| Ga| Ge| As| Se | Br | Kr
39.008 | 40.078 | 44.956 | 47.88 | 50942 | 51.996 | 5493 | 55.847 | 58933 | 58.69 |63.546 | 6539 | 69.723 | 7261 | 74922 | 7896 | 79.904 | 83.80
37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
Rb|Sr|Y |Zr| Nb/Mo| Tc|Ru | Rh| Pd| Ag| Cd| In [ Sn | Sb| Te| I | Xe
85.468 | 87.62 | 88.906 | 91.224 | 92.906 | 9594 | (98) | 101.07 |102.906 | 10642 [107.868 | 112.411 | 114.82 | 118.72 | 12175 | 127.60 |126.906 | 131.29
55 56 71 72 73 74 5 76 77 78 79 80 81 82 83 84 85 86
Cs |Ba| Lu| Hf | Ta| W |Re |[Os [Ir |Pt |Au | Hg| Tl | Pb| Bi | Po| At | Rn
132,905 | 137.327 | 174.967 | 178.49 |180.948 | 183.85 (186207 | 1902 | 192.22 | 195.08 [196.967 | 200.59 |204.383| 207.2 [209.980| (209) | 210) | (222)
87 88 103 | 104 | 105| 106 | 107 | 108 | 109 | 110 111|112
Fr |Ra |Lr
(223) | 226025 (262) | 261) | (262) | (263) | (262) | (265) | (268) | 269) | @72) | @™
| mis Elements Interferences
' % Fe(9] 66) SAr0, *Cx0
7 Fe(2.19) SAOH. “CoOH
L0 NU6T 77, Fel0A3) SCx0. NaCY
“ Col 100y OCe0, SCaOM
0 Nu26.16) SCOH, “CaD
6l Nu 1.25) SCOH
62 N3 66) SCH0, NagO, Nak
o) Cuttd 1) SCAOM, “ArNe
4 NH1.16), Zod 48 349) RS0, 5., “C0
’x 68 Cul N0 9) NSES, VS0, “CaOH
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6 Bueas Fragmentation
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IR Isotopes

DRESDEN
Element Ordinal- Atomic | Relative
number _Mumber fraquency @D
Al 13 7 100.0 >
s | w . 2z R
L
b 468 )
>
0 | 305 o
| 30 &
p 15 3 100.0
s 16 2 95.06
B 0.74 <
u 4.18
o 17 35 754 :
37 246 N 3 >Q<)
A 18 % 0.337 b B
3 0.063 : s
o 99.60 Ix10 : s
Ke 3 3 0.354 L : >
80 227 S :
: i S e o 83
b — M
8 56.90 c So dw g >
I t P 3R
Xe 54 124 0.096 1) H-A
12 0.090 :
128 1.919 | .
129 26.44 :
130 4.08 ;
131 21.18 (I S T il i) A (et ) S el Yo il |
1& 2689 1 ) 1 | 1 1 1] ' L | L 1 1
13 10.44 < (¢4 ] N [ (o)
136 8.87 ™N o™ ™ (vp)

Tabie 4.2 Fetstve Freguency of Bolopes
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55?\5'5".423'%5 Unknown MS - How to assign the peaks?

DRESDEN

Evaluation problems: The peak at atomic number 16 may, for example, be due to oxygen fragments resulting from O,, H,0, CO, and CO; the peak at atomic number 28 from contributions
by N, as well as by CO and CO as a fragment of CO,; the peak at atomic number 20 could result from singly ionized Ne and double-ionized Ar.
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TECHNISCHE “Synthesis"” of a MS as linear combination of

DRESDEN' known fragmentation pattern

[No Gas Symbol T=100 2 3 4 5 6
1 Acetone (CH,),CO 43/100 15/42 58/20 14/10 2719 42/8
2 Ar 28/100 3227 14/6 16/3 401 -
3 Ammonia NH, 17/100 16/80 15/8 14/2 - -
4  Amgon Ar 40/100 20/10 - - - -
5  Benzene CH, 78/100 2 51118 5017 52/15 39/10
6  Carbon dioxide COo, 44/100 281 16/9 12/6 45/1 21
7 Carbon monoxide Cco 28/100 12/5 16/2 29/1 - -
8  Carbon tetrachloride CCl, 117/100 119/91 47/51 82/42 35/39 121/29
9 Carbon tetrafiuoride CF, 69/100 50/12 31/5 19/4 - -
10  Diff. pump oil, DC 705 78/100 76/83 3973 43/59 91/32 -
11 Diff. pump oil, Fombiin 69/100 20/128 16/16 31/9 97/8 47/8
12  Diff. pump oil, PPE 50/100 77189 63/29 6227 64/21 3817
13 Ethanol CH,CH,0H 31/100 45/34 27124 29723 46/17 26/8
14 Halocarbon 11 CCl,F 101/100 103/60 35/16 66/15 4712 3110
15 Halocarbon 12 CCLF, 85/100 87132 50/16 35/12 - -
16  Halocarbon 13 CCIF, 69/100 85/15 50114 31/9 35/7 87/5
17  Halocarbon 14 CF, 69/100 127 19/6 31/5 50/8 -
18  Halocarbon 23 CHF, 51/100 31/58 69/40 5019 52/1 211
19 Halocarbon 113 [ A 101/100 103/62 85/55 31/50 151/41 153/25
20 Helium He 4/100 - - - - -
21 Heptane C,H,, 43/100 41/62 29/49 27/40 57134 71/28
22 Hexane CgHys 41/100 43/92 57/185 29/84 27185 56/50
23  Hydrogen H, 2/100 1/5 - - - -
24  Hydrogen sulfide H,S 34/100 32/44 33/42 36/4 3572 -
25  Isopropyi alcohol C,H;0 45/100 43/16 27116 29110 amn 39/6
26 Krypton Kr 84/100 86/31 83/20 8220 80/4 -
27 Methane CH, 167100 15/85 14/16 13/8 1/4 1272
28  Mehtyl alcohol CH,0H 31/100 2974 3267 15/50 28/16 216
29  Methyl ethyl ketone C4Hs0 43/100 29/25 72116 27116 57/6 42/5
30 Mechanical pump oil 43/100 41/91 57173 55/64 71720 39/19
31 Neon Ne 20/100 22110 101 - - -
32 Nitrogen N, 28/100 14/7 29/1 - - -
33 Oxygen 0, 32/100 16/11 - - - -
34  Perfluorokerosene 69/100 11917 51112 13111 100/5 31/4
35 Perfluor-tributylamine [ 69/100 131/18 31/6 51/5 50/3 114/2
36 Silane SiH, 30/100 31/80 29/31 28128 32/8 3312
37  Silicon tetrafluoride SiF, 85/100 87/12 28112 33110 86/5 47/5
38 Toluene CgHsCH, 91/100 92/62 39/12 65/6 45.5/4 51/4
39 Trichlorethane C,H.Cl, 97/100 61/87 99/61 26/43 27131 63/27
40 Trichloroethylene C,HCl, 95/100 130/90 132/85 97/64 60/57 35/31
41  Trfluoromethane CHF, 69/100 51/91 31/49 50/42 1214 -
42  Turbomolecular pump oil 431100 57/88 41776 55/73 71/52 69/49
© J. W. Bartha 2020 43 Water vapor H,0 18/100 17/25 116 16/2 22 -
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TECHNISCHE “Synthesis"” of a MS as linear combination of

DRESDEN' known fragmentation pattern

[No Gas Symbol 1=100 2 3 4 5 6
1 Acetone (CH,),CO 43/100 15/42 58120 14/10 27118 428
2 Ar 28/100 3227 14/6 16/3 401 -
3 mmnnia H. 17/100 1R/80 15/R 1412 - -
4 Amon Ar i 40/100 TLZOI 10 - - - -
6  Carbon dioxide C%-: 44/100 281 16/9 126 451 21
7 Carbon monoxide Cco 28/100 12/5 16/2 29/1 - -
8  Carbon tetrachloride CCl, 117/100 119/91 47/51 82/42 35/39 121/29
9 Carbon tetrafiuoride CF, 69/100 50/12 31/5 19/4 - -
10  Diff. pump oil, DC 705 78/100 76/83 3973 43/59 91/32 -
11 Diff. pump oil, Fombiin 69/100 20/128 16/16 31/9 97/8 47/8
12  Diff. pump oil, PPE 50/100 77189 63/29 6227 64/21 3817
13 Ethanol CH,CH,0H 31/100 45/34 27124 29723 46/17 26/8
14 Halocarbon 11 CCl,F 101/100 103/60 35/16 66/15 4712 31/10
15 Halocarbon 12 CCLF, 85/100 87132 50/16 35/12 - -
16  Halocarbon 13 CCIF, 69/100 85/15 50114 31/9 35/7 87/5
17  Halocarbon 14 CF, 69/100 127 19/6 31/5 50/8 -
18  Halocarbon 23 CHF, 51/100 31/58 69/40 5019 52/1 211
19 Halocarbon 113 [ A 101/100 103/62 85/55 31/50 151/41 153/25
20 Helium He 4/100 - - - - -
21  Heptane C,H,, 43/100 41/62 29/49 27/40 57134 71/28
22 Hexane CgHys 41/100 43/92 57/185 29/84 27185 56/50
23  Hydrogen H, 2/100 1/5 - - - -
24  Hydrogen sulfide H,S 34/100 32/44 33/42 36/4 3572 -
25  Isopropyf alcohol C,H,0 45/100 43716 27116 29110 amn 39/6
26 Krypton Kr 84/100 86/31 8320 82/20 80/4 -
27 Methane CH, 16/100 15/85 14/16 13/8 1/4 1212
28  Mehtyl alcohol CH,0H 31/100 2974 3267 15/50 28/16 216
29  Methyl ethyl ketone C,H,0 43/100 29/25 72/16 27116 57/6 42/5
30 Mechanical pump oil 431100 41/91 5173 55/64 71720 39/19
31 Neon Ne 20/100 22110 101 - - -
32  Nitrogen N, 28/100 1477 29/1 - - -
33 Oxygen 0, 32/100 16/11 - - - -
34  Perfluorokerosene 69/100 1917 51/12 1311 100/5 31/4
35 Perfluor-tributylamine [ 69/100 131/18 31/6 51/5 50/3 114/2
36 Silane SiH, 30/100 31/80 29/31 28128 32/8 3312
37 Silicon tetrafluoride SiF, 85/100 87/12 28/12 3310 86/5 47/5
38 Toluene CgHsCH, 91/100 92/62 39/12 65/6 45.5/4 51/4
39 Trichlorethane C,H.Cl, 97/100 61/87 99/61 26/43 27131 63/27
40 Trichloroethylene C,HCl, 95/100 130/90 132/85 97/64 60/57 35/31
41 Trfluoromethane CHF, 69/100 51/91 31/49 50/42 1214 -
42  Turbomolecular pump oil 431100 57/88 41776 5573 71/52 69/49
© J. W. Bartha 2020 43 Water vapor H,0 18/100 17/25 116 16/2 22 -
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TECHNISCHE “Synthesis"” of a MS as linear combination of

DRESDEN' known fragmentation pattern

[No Gas Symbol 1=100 2 3 4 5 6
1 Acetone (CH,),CO 43/100 15/42 58120 14/10 27118 428
2 Ar 28/100 3227 14/6 16/3 401 -
3 Ammania H. 17/100 1R/80 15/R 1412 - -
4 Amon Ar 40/100 TL 20/10 - - - -
T e T~ T T T4 s (TS R ]
n o = y PR M Xy )T T ~~ T Aarann T Aniaa T anin T anis T aria T AN 1
6 Carbon dioxide Co, 44/100 28/11 16/9 12/6 451 221
7  Carbon monoxide (0] 28/100 12/5 16/2 29/1 - -
= e — — e ST — . = e —— e —
11 Diff. pump oil, Fombiin 69/100 20/128 16/16 31/9 97/8 47/8
12  Diff. pump oil, PPE 50/100 77189 63/29 6227 64/21 3817
13 Ethanol CH,CH,0H 31/100 45/34 27124 29723 46/17 26/8
14 Halocarbon 11 CCl,F 101/100 103/60 35/16 66/15 4712 31/10
15 Halocarbon 12 CCLF, 85/100 87132 50/16 35/12 - -
16  Halocarbon 13 CCIF, 69/100 85/15 50114 31/9 35/7 87/5
17  Halocarbon 14 CF, 69/100 127 19/6 31/5 50/8 -
18  Halocarbon 23 CHF, 51/100 31/58 69/40 5019 52/1 211
19 Halocarbon 113 [ A 101/100 103/62 85/55 31/50 151/41 153/25
20 Helium He 4/100 - - - - -
21  Heptane C,H,, 43/100 41/62 29/49 27/40 57134 71/28
22 Hexane CgHys 41/100 43/92 57/185 29/84 27185 56/50
23  Hydrogen H, 2/100 1/5 - - - -
24  Hydrogen sulfide H,S 34/100 32/44 33/42 36/4 3572 -
25  Isopropyf alcohol C,H,0 45/100 43716 27116 29110 amn 39/6
26 Krypton Kr 84/100 86/31 8320 82/20 80/4 -
27 Methane CH, 16/100 15/85 14/16 13/8 1/4 1212
28  Mehtyl alcohol CH,0H 31/100 2974 3267 15/50 28/16 216
29  Methyl ethyl ketone C,H,0 43/100 29/25 72/16 27116 57/6 42/5
30 Mechanical pump oil 431100 41/91 5173 55/64 71720 39/19
31 Neon Ne 20/100 22110 101 - - -
32  Nitrogen N, 28/100 1477 29/1 - - -
33 Oxygen 0, 32/100 16/11 - - - -
34  Perfluorokerosene 69/100 1917 51/12 1311 100/5 31/4
35 Perfluor-tributylamine [ 69/100 131/18 31/6 51/5 50/3 114/2
36 Silane SiH, 30/100 31/80 29/31 28128 32/8 3312
37 Silicon tetrafluoride SiF, 85/100 87/12 28/12 3310 86/5 47/5
38 Toluene CgHsCH, 91/100 92/62 39/12 65/6 45.5/4 51/4
39 Trichlorethane C,H.Cl, 97/100 61/87 99/61 26/43 27131 63/27
40 Trichloroethylene C,HCl, 95/100 130/90 132/85 97/64 60/57 35/31
41 Trfluoromethane CHF, 69/100 51/91 31/49 50/42 1214 -
42  Turbomolecular pump oil 431100 57/88 41776 5573 71/52 69/49
© J. W. Bartha 2020 43 Water vapor H,0 18/100 17/25 116 16/2 22 -
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Slide: |_14 20 Table 4.5 Spectrum library of the 6 highest peaks for the TRANSPECTOR



55?&".:'2%*&5 Unknown MS - How to assign the peaks?

DRESDEN

Evaluation problems: The peak at atomic number 16 may, for example, be due to oxygen fragments resulting from O,, H,0, CO, and CO; the peak at atomic number 28 from contributions
by N, as well as by CO and CO as a fragment of CO,; the peak at atomic number 20 could result from singly ionized Ne and double-ionized Ar.
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(L) universimar Unknown MS - How to assign the peaks?

DRESDEN

0 5 10 15 20 25 30 35 40 45 50

4 Amgon Ar 40/100 20/10 - . : -

Evaluation problems: The peak at atomic number 16 may, for example, be due to oxygen fragments resulting from O,, H,0, CO, and CO; the peak at atomic number 28 from contributions
by N, as well as by CO and CO as a fragment of CO,; the peak at atomic number 20 could result from singly ionized Ne and double-ionized Ar.
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TECHNISCHE
@ UNIVERSITAT
DRESDEN

Unknown MS - How to assign the peaks?

o I |

0 5 10 15 20 25 30 35 40 45 50

4 Amon Ar 40/100 20/10 - -
31 Neon Ne 20/100 22110 10/1 - -
32 Nitrogen N, 28/100 14/7 29/1 - -
33 Oxygen 0, 32/100 16/11 - - -
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(L) universimar Unknown MS - How to assign the peaks?

DRESDEN

0 5 10 15 20 25 30 35 40 45
4 Amon Ar 40/100 20/10 - -
31 Neon Ne 20100 2010 071 - -
32 Nitrogen N, 287100 an 2971 - -
33 Oxygen 0, 32/100 16/11 - - -
' Carbon doxide co, 24100 28011 169 1276 &5/
7~ Cabon monoxide co 287100 125 1672 2971 :
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Unknown MS - How to assign the peaks?

TECHNISCHE
@ UNIVERSITAT
DRESDEN

0 5 10 15 20 25 30 40 45 50
4 Amon Ar 40/100 20/10 - - - -
31 Neon Ne 20100 2010 071 - - :
32 Nitrogen N, 287100 an 271 - - -
33 Oxygen 0, 20100 6011 : - : -
6 Cafbon doxide co, 24100 28011 169 1276 &5/ 20
7~ Cabon monoxide Co 287100 125 1672 2971 : -
43 Watervapor H,0 18/100 17125 6 162 22 -
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DY "Synthesis” of a MS as linear combination of
DRESDEN a known fragmentation pattern

A
co
H.* lvi +
I ’ :'CO 02 éf' 092
H,*
= s
2
22Neo '3CO‘
I+ I 18O 1O aerA‘,- 1;-‘1602'
14N 15\ B :
Al L L) D 1 = L) - l;! ) -
0 5 25 30 35 40 45 50
——= Hydrogen —— Oxygen c===a Carbon dioxide c===3  Argon
=== Nitrogen mmm  \Water ezzza  Neon ssema Carbon monoxide

Evaluation problems: The peak at atomic number 16 may, for example, be due to oxygen fragments resulting from O,, H,0, CO, and CO; the peak at atomic number 28 from contributions
by N, as well as by CO and CO as a fragment of CO,, the peak at atomic number 20 could result from singly ionized Ne and double-ionized Ar.
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TECHNISCHE
UNIVERSITAT
DRESDEN

"Synthesis" of a MS as linear combination of
a known fragmentation pattern

co
H,* Hope
I o oy
H,*
m-
N,
2Nat 3CO*
I+ I 18O 1O xrA.‘,o 1rtso2'
14N 15\ 1B :
Al L) L) D 1 = L) - l;l L -
0 5 25 30 35 40 45 50
——= Hydrogen —— Oxygen c===a Carbon dioxide c===3  Argon
=== Nitrogen mmm  \Water ezzza  Neon ssema Carbon monoxide

Evaluation problems: The peak at atomic number 16 may, for example, be due to oxygen fragments resulting from O,, H,0, CO, and CO; the peak at atomic number 28 from contributions
by N, as well as by CO and CO as a fragment of CO,, the peak at atomic number 20 could result from singly ionized Ne and double-ionized Ar.
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DRESDEN i Investigation of plasma induced

TECHNISCHE VIDEO P ) Example for illustration:

. , P s Y PN R cl
r101d 082 Lellning using org
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lTjﬁrI:\;lENnglcTtA; VIDEO' ’ ! Example for illustration:
DRESDEN S Investigation of plasma induced

“YT Lol d 08:27 Si e’rching using SF6

44— Dielectric Window

Lower Electrode
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;I'Jﬁ(lt\;lENnglgrllié VIDEO' ’ ! Example for illustration:
DRESDEN S Investigation of plasma induced

“YT Lol d 08:27 Si e’rching using SF6

SiOsWatfer

Lower Electrode
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TECHNISCHE V|DEQ/’\;, Example for illustration:

DRESDEN | TN Investigation of plasma induced

“YT Lol d 08:27 Si e’rching using SFb

Zero Loading

n =
| ' SF51127) l
| |
| |
|
SF3(89) ]
F(19) |
l
|
|: |
| |
! SF(51) { I; ‘
| S{3 | ‘:1 ‘ |
| SF2(70) SFq:os); | ESF&"“‘, .
___JLL._ A AJ[ llL ‘L N JL | Si@s»Wafer
0 20 40 L «© 100 120 140
HASSE  (ew)

SF Plasma with a
fully masked wafer
(SiO, no Si etching)

L
‘ I Lower Electrode
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TECHNISC}_{_E VIDEO' ’ | Example for illustration:

DRESDEN | [rAMiReie Investigation of plasma induced

“YT Lol d 08:27 Si e’rching using SFb

Zero Loading

(84
-

| | 5F51127) 1 \ SF6
| | 7J7 %
| |
|
‘ SF3(89) ]
F(18) |
: |
1 |
SF(51) ‘ I;
$(32) | | '
' s L. |
' SF2(70) sFatom | | srs.ue\’
___JL._ ) JL f L il b [ ___SiOsWafer
] 20 40 e LN 10C 140 180
RASSE (ae)

SF Plasma with a
fully masked wafer
(SiO, no Si etching)

‘ Lower Electrode

) Now a "bare"” Si wafer instead of SiO, as substrate:


https://videocampus.sachsen.de/m/ec60c456866fe4d6a9ae79ece802b371d68b4c399ef22585d898e112e160da86c49102022095f72b391d0129f9791c1d8f06d4c381a5c830732bca54d6e83818

UNIVERSITAT

TECHNISCHE Example for illustration:
DRESDEN Investigation of plasma induced Si e’rching using SF()

Zero Loading 100% Loading

seefran | SiF3(85)

#(19) SF3(89)

sesn ||

$32) “(; :) K A9 o) lWJ)
I U W QR AR UA 8] Wi
1

SF Plasma with a SF Plasma with a
fully masked wafer blanket Si Wafer
(no Si etching) (full "100%" loading)
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TECHNISCHE Example for illustration:
UNIVERSITAT

oresoen - Lnvestigation of plasma induced Si etching using SF

Zero Loading 100% Loading

srfian | SiF3(85)

F(19) SF3(89)

SF(51) |

SF(51)
SF3(89)
sm.) kL F(19 $132) .
) SF4(108) -
Mﬂ_ _L.‘.l h L __E_L r i
- .
120

e 20 40 [ o 10¢ 120 140 180 ) Fe) &0 80 ) 100 140 180
RASSE  (aes) MARSE (smu)

SF Plasma with a SF Plasma with a
fully masked wafer blanket Si Wafer
(no Si etching) (full "100%" loading)

wemexn EYch rate = f(power, gas flow, temperature, ...) ~ [85/19]
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(D) i ch
DRESDEN ap.rers

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,
Impingement rate, monolayer coverage time, mean free path collision rate

2. Pressure Ranges

Viscous, Knudsen, Molecular flow, Rough-, Medium-, High-, Ultrahigh-Vacuum, Heat conduction

3. Vacuum technical terms

Pumping speed, pumping power, gas-flow, residence time, gas flow conduction, impact on tube dimension

4. Vacuum generation

Genealogy of pumps, working principle, assignment to vacuum range

5. Pressure measurement

Direct / Indirect pressure measurement, Different gauges and assignement to vacuum range, Partial pressure measurement,
interpretation of QMA spectra
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Thank you very much for your attentionl

All the very best for the upcoming
examinations!

Relaxing vacations and stay healthy!
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Thank you very much for your attention

All the very best for the upcoming
examinations!

Relaxing vacations and stay healthy!
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W

»Wissen schafft Briicken.«
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