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Introduction

A low discharge » a kind of plas-
ma, te. o partially woneed g consse-
iy of different species (- large namber
of neutrals and nearly equal concentra-
tions of positive and neganve charges)
which can all meerict with each other.
The glow duclarge s created when a
voltage of abour 1T EV is applied
berween pwo electrodes, mmserced ango
a cell filled with gas at low presure
{eor. argon at abowt 100 Paj. The
applied voltage cawses the formation of
positive oy and checrrons i the plas-
iy, The iom are acceleraved towards
the neganive clecrrode (cathode) where
they can release electrons upon bain-
bardment. The electrons: can give rise
to domsation and excitation collisiens
i the p,'ig-u|||,| The wonisanion collisions
creare new ebectrons and wons; the lae
ter can agan release electrons at the
cathiode et These proceses make the
glow dischar

- A 'hl.'lr-lhl,I\T.I.I'll.II'll[ I'\ll.l'\-\.l'll.l

The excita collistons and subse

gquent de-excitations, wath e
radation, are responsble for the char-
pcterstie pare of the = plow™ dis-
woof light; the
meost well-known Flu'-l. dischanges are

charge (@ cmirs

e Lamps)

Besides appheations in the hghing
industry (neon lamps, Aeorescent
Lamps:.
ugilisesd fixr plasma erchang and than film

1 F!lu-u. ._Iiv:<'|'..|r|:r-- ars alsn

I.II.'I."':'\I'\i=I.IL'\l!I i thie I'ul]L'f\."\'.'II.'I."I\."ﬂI'I\""-
wdustry. a5 plasma displays, as holbow
cathode wetal-vapour ion Lisers and in

ATy,

(4]

il spectroscopy as sources for
mass spectrometry (GEMS) and opeacal
spectremetne techmgues [glow dis-
charge optical cmission spectronermn
|G -CYES ), artomic absorprion spec-
tromerry (Gl -AAST and atomnc thuan
rescetce spectrometry (GLRAFS)[L for
the analvss of solid matenals. The La-
ter aprplicataon m based on the phesom-
e of cathawde spuTering Il mainer
il to b analvsed 1 owsed as the cathode
of the glow discharge, whch s sputter-
Poambarded by doan and arons freans the

p'.p.nu Arenies of the cathode mazenal
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are feleased (oF Psputtered”] from the
cathode and enter the plasma where

they can be ionised or excited, thereby

||,|';,'.||||'||_' s Al I'hl'l'k'l.l atoxmis  lansd

characterisiic photons] of the cathode
mateT LI e, |]|..'-|.I.'T|JI 1] I."\. ||J'.l|'!¢ M.'IJ'
Couphng of the glow discharge o

1hass \|.'|L'L|.r1'|||||.'||.'!' iR ||'|"r|'¢ ||I 'aFII.I *
tromerrie detector makes chis cech

I'Illll.l:' l]ll.']'l."l;.\r\.'. LI\'h.'ri.II 1;.“ '||:II.' I.‘IIH.'I.‘
clemental analyss of solid magerials,
h‘\."l\.'l."‘-'.'l. L LIEN I:I'I'a' [eilils '."l"l i "'!l““'
tering nplics thar the ample is eroded
“laver after laver”, it p||-~||1|n.' tor
determine the elemental composition
of successive |.|5.r|~ as g function ol
depth (e, depth-profiling}. For maore
ifofmation abour the analvrical appli-
cations of !;I-uw dise Is.1:r;¢;-< LT
et 1

For good analytacal practice

3ba

gl
discharges, o clear msight o the fun-
damental processes mking place i the

plasma is desirable, This can be

f
abtained by mathematical maode

{samulanion of the mteracoonm .

the plasma species) or by plasma

mostics (measuring the char TIL0E
[||.|'1|'|'I.| IILIJIIIIIh. 51, Inm ':|'|1'\- pPageT. Wi

present the state-of-the-art of owr

mesdelling work for direct cureenr glow

dhscharges, wsed as on sueces for mass

spectrometry (GIMS] Some ovpieal
resilns of che mindels will be shown and
discussed, m companson with experi-
mendal data, o test the validioy of e

(BRI |l\.||.'|'\l

Brief overview of
the modelling
work

I the past few years, we have devel-
apud @ st of three-dimensonal nrodls
describing the behaviour of the ditfer

“nr '\-I'\ll,'-\.'ll"\- I"rl."\ul.'l'lt 119 1 argon ,.'\,Il\.'\l'\:‘u

discharge, used as the on source o
mudas spectromerry . The species,
ssumed o be Treseny Tl |1:-.|'-I:IJ..
AT AT RIS AL JE FEst, ara ioae,

st argon atoms, excited argon amoms

in the meecaseablde level, aoms and sons

of the cathode matenal (matenal o be

| and electrons. Tl

FRTSR TR [
are deseribed eather wath Monte Carlo

wilatioms fie

for the “fast™ plasma
specaes, which are not m equilibrium
with the strong electric field in certam
F‘.I!'I" |I|. rl'll.' -dl-n'|1.|r,'_-\:. Il.kl.' -.'|r|.'|:n'-|1'.l or
with Auid approaches (for the v
plisma species. which can be «
ered in thermal equilibnum with the

skl

elecene feld, hke the atoms). All these
models for the different species are
ull:l'|'-||.'-.| de o the anteraction PO 5
esoamong the particles and they are
splved ireratively, unol final conver-

tain an owerall

geace s reached, o ol
picture of the glow discharge. More
witormation about these models can be
found. For example. in Refesences 2
id 3 and in the references ciced
theese papers

Typical results of
the models

The tvprcal resulis thar can be
vbraned with our madels are sam-
muarised in Table |
resuiles will be presemred bere aE evjical

discharge conditrons sf GEMS amd 1

SoEne af these

the standard cell for .1||.||\_.".|1r!: flar sani-
ples wath the VG ghow discharge
ss ApeCInonieer iV Elemencal

Therma-gmanpl. Copper s oken as an
example of the cathode material. A

sehenane

raim aof this [cvlissdncalky

symnetncal) cefl s depicred in Figgare 1
I|n|'-ur|.|.nr AJUANCETIES that can .|'\IL' |..|I'

cutlatesd are the mamber demsities of the

wrent spectes prosent an the glow
ducharge plisnia. Figure 2 shows o

sputtered copper atom density pro

he

ar 75 Pa, e and 3 mAL It reaches a

]

WLIXTITILINE &F O |::"\|‘| nim |:|'I'|||I ||‘|I.' Lt J|.|1'
oude and decreases aradually wowards the
cell walls, The densiry ar the maximum
i~ .|:;-\.-ul -5 ||r|1|,'h (a1 II'|.||:I1III.'||1|.' livweer
than the .|r|5<'||1 gas Ao I.‘II.'III-IE'\.' | at 75
Pa and nearly room wmperature, the
argon gas atom density 3 abour 205 %

1 em "y, To check the modelling
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Table 1. Overview of the typical results that can be obtained with the
models.

* Elecrrical current as 2 funcrion of voltaje and pressure

* MY vumber densiey preshles and fluces of

# 313 potential diseributions and (axal and radial) elecene field disenbunons.

thermalised argab aloins,

ATEEND IENTE.

Eist argodal B,
argon mieastable anoms,

fast and thermalhized electrons,

atoms and wons of the cathode

miaterial.

Energry chisemibunions and mean enenges as a function of position from the

cathode, of:
electrons,

argen ions and fase AR FHOIMS,

cathode 1ons

* MDY collision rates of the different collsion proceses taken into sccount and

relativie importance of these collision processes.

o Eletromss: ares of elastic collisions, ionisation of argen grouncd stae
and metascable wtoms, and of ':pl.m-:'n-d cathode atoms, excitation of

lrl_‘l'lll gmurl-.l o e E .'|I1I:| I'I1|.'1.1'\|1.I'|ZIIE ATCNITS,

Arpon soms dn the S Rates of swmmetric change transter, elastc

collissons, ton impact ionisation and excitation of argon ground soace

atogns

wonmatton and excitation l.lr-J.r_uI.II:I gr\-::-ul:ld sEate atons.
= Fates of Peneing misation and aspmoiern cdeaige rrangler of spumered

atoans,

Fust angons arems n the ©005; Rates of elasnc colbsons, atom angact

® [Lates of the different J--r.\.-.l|.'\.'.l|.;-|| apd dpss prvesses of the metastable

AREGN Ao

Sputtenng (eroston) rates at che cathoide
n the cathode by backscatrering o

sputtered atons, Amount of redeposition

Thermalsation profiles of the

backdaffusion. Relative contmburions of angom ons, fast argon atoms and

cathode jons 1o the spurtering process,

MY crater profiles due b sputtering at the cathosbe

Iemisam

n -.'.-g-l_-rm--u of argon and cathode a

ms,

®* Hon fuxes at the exat slic of the glow dscharge cell ve the mass spectromeer

resul
dume
|1||".||
(L1F}

[T

ilis

tllwsrr

CEPETLITIT I.I.I TLUSAL IUI Y

three
1

Is, Wi II.I‘-.' measred
msional spurrered atom densany
W |r|| ||-|;| -pi e Blsorescenice
Li i
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was reached between calculaged
Tl cBuniaits
ol the COPPer s for mpesl by

arieail e i

[} |||"|'|:'I ACHTIA 1R

ared im Figare 3, for the same dis

charge condiions. The demity s nearls

COEls
reach
disch
s i
agevi

ILFLeL

.'.i[-|||
bz 1
vitlue
voud
it

ot ca

vl

it Joss pressaires |

10

tant close o the

25 0 TaskLe ar the e
e, B decreases agan go low val

t the cell walls, Fromi the copper

|I'||.| COPper 16n III\.'I:‘"\-I!II\. L H I am

i3] ._'.._'-__l\_“._' ul COpper  can

luced. Ar che presenr discharge con-

1%, a value of 1,1% was calin

Id be e

depends strongly on the

this

t shiou ned that

disch
I

Wi (PRCSSiRre, CURTETE,

w ocll geomerry and on 1

thode materal, Acconling o our

Fatioans, 18 can g fronn L0

sampie (calhodes)

smiphe holger
|cathoda potamiall

y

celk, to about 10% st higher presares
The spur-
cered ion density profiles were alsa

and voltiges and Lrnger ool

measured i three dvmensions by LIF
spectromaetry,” and it was found that
the calculated |'\-r-:sﬁ|e.' was 0 excellent
sualiative agreenwent with the experi-
mcintal fesulis but the absolute values
were sl somewhar poo low, which &

probably due to uncertsintes in the

rate comstants for the different omsa
tiesit processes incorparated in o the
mardel.®

Eme
species can abo be computed by the

w distrihurions of the plasma

maodek. Frmime 4 presents the calewlated
us energy diseriburion of the copper
1odis Gl |_||r!'-;'||,"|[ |'H:--I|i||||x frasim r|'||;
cathede, The dlecmse teld i the ".'_Inl.'.'
discharge is very high m the fist few
mm in front of the cathode {called

“cathosde dark space”™). but the larger

part of the discharge (Tneganve gow”
B neatly feld-free. Therefore, the cop-
per ions have thenmal enenges i the

negative glow regron and they gon
CACTEY ol their way owands the carh-
They can, however, also lose
STy I eollisions and are, chersiore

ade

charactensed by a complete energy das-
mbution rangang from thenmal o max-
e (e OO0 eV enermies. As can
b seen from the pronounced peak ar
maskmum energy 0 Figure 4, most

with

e a dew bose

copper Bns bombard the cath

PEIXHTIAN COeTEY 1l

viergy by collisions. This caleulared

ererey distribur o oo very ool

cenienrt with messured enerey dhs-

triburioms of the copper joms bomdbard
mg the cathode.™” Sinee the efficicsey

ol cathode sputtering mcreases with the

fennt plane

{anode potental
|
|

esidghion|

coll house (anode]

I'gans inkat

1t 5 b
glow dacharge =

plasma

Figure 1. Schematic representation of the standard cell for analysing
flat samples in the VGI000 glow discharge mass spectrometer.
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Figure 2. Calculated number density profile of the
sputtered copper atoms at 75 Pa, 1000 V and 3 mA.

Figure 3. Calculated number density profile of the
copper lons at 75 Pa, 1000 V and 3 ma.

rey of the bombarding specics, it

pected thar the copper ons
have 3 mon-neglgble role m the san
terng (called “selt-sputtening ™, o spite
af their lower Auxes compared g the
sttt e and fasr angon atoms It
was galvulaced thar ar 19000 Y, 75 Fa
and 3 mA, the st argon atoms, argeoas
tons and copper aons contribute o
2 and 1%t the spurer-
s Feap ovely, However, the coner-

b selt-sparrrering mcreases with

: and pressurne

Fronm the models, information can
also be obraned abour the collisien
Processes il I|'._' :'| =111 -.|‘IL-. 1=, An

<-\.|||||'-I:_- T |'-r:-n.:-|||:-.1 i Figure 3

which shows the colliston rate of elec

trom mmpact cxotaton. Tle excitation

|II|||_ LT e ind thie '\-I.|‘I'||;-;!|.|;.II et
LATICHHS, wstble for the emssion

ik

ht i the glow dicharge. The cal
cetlated excrtation mee soan good agnee-
nent with experimental observations

it Bow clise oo the cathoste, 1w the

T o e “carhode ddark *-F.n.:'" aud

1 reaches sby maxomum dber 4 bew

m the “negative glow™, which s

wideed kiown ds the brighnest parm of

the discharee.

vier, the crater profiles and

tes due o sputtenng at the

cathaade

12

van be calculared, Fig

illwsrrares a rvpical caleulared crater
profile. It reprocduces, at least qualita
tively, the ppical erater profiles often
founad expermentally:” (1) the cemer
much |||.'|,"!';,'T at the sades than g ghie
centre; () the crater I"u'\llll"": 1% sk
completely fat: (i) the ceater walls are

|I|\_. sleep aisd (1v] there 1 a

rspde the crarer |'\-|--I|I|-
the absolure values [Le. the ewch
g races) are o reasomable agreensent
with experimental resalts, 1t can be
understood that tha crater profile 15 nor

favourable for depth-profiling because

it deteriorates the depthi-resolution

When changing the voltage, T
_|1|-.:. CLUEFTEE, ofr Sanen sl IJ'.L nather ol
EEImetry, 15 15 |'\||'~\I|I|:' ter odMIn Crater
profiles mwre surtable for deptl profil-
g, Expermmental optinsation of the
CEALETS GO Curs offen I::. rrtal-and-error

it rhis is racher pime-consuming

With the mobels, we are able to sudy
trends m the erater profiles as 2 fune

1y, Clrrenl .|III\.I

Eromn ol Pressure. . v

cell g ty and we can predice ar

which conditions OPLHTMUM Crter pro-

files can be obmned

L EWdE s}

E |V

Figure 4. Calculated flux energy distribution of the copper ions, as a
function of distance from the cathode, at 75 Pa, 1000 V and 3 mA
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Figure 5. Calculated rate of electron im;a-:t excita-
tion collisions throughout the discharge at 75 Pa,
1000 V and 3 mA.

Frrally, when the _u|l.'--'\. dise I'I.It'!.'.i.' is used s the Joay source
for mass spectrometry, special interest goes to the Jon meens-
ties i the mass speciruin. The Presca miosiels can caleulate
the wm Huxes at the poston of the exar sl o the mass spec-
tromieter, wlich can b an e of the ton bntensicies in the
mass spretmum. When applying the models to different cell
Eeometnes, thev can |.'|n.'L|I.|.|: the u.l-lh'!-[‘ll.'-l'll.|lllg BED ENRCTISI0hes
n the mass speetra anad they can, therefore, be dsetul for ccll

l\.'ll'\lrlﬁ'll':.i.ﬂ('lll aned new ¢ I.']I I.IL"\:'-FII
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Figure 6. Calculated crater profile after one hour of
sputtering at the copper cathode at 75 Pa, 1000 V
and 3 mA.

Conclusion

Sawme tvpacal exaomples of what can be caleolaed wich o
models are presented. The satisfacrory accordance wich
I,'ﬁl"l.'r'.lll\.'lll.'ll I.‘I.l'l.i. :Illl\lrll.l."h tlllll '|I'.|.' |||\.\|.‘IL'I'\- g ||I|L'|II.|:¢ 1
reatistic picture of the glow dscharge. Generally, a0 can be
cancluded that mathematical |'|l||\.|l.'"||'|.k: 1% a oseful toaol oo
obain better indight o the fundamental aspects of the ghow
discharge which 1 desirable for IproVIng the analytical per-
formance af gow decharge spectroscopy,
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