KATEDRA Fi1ZYKI ZJAWISK ELEKTRONOWYCH

Laboratorium

Metody Badan Spektroskopowych

Wyznaczanie stalych spektroskopowych
stanow wzbudzonych
czasteczki azotu
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Wyznaczanie stalych spektroskopowych stanéw wzbudzonych czasteczki azotu

ZADANIA:

1. Wykona¢ pomiar widma fluorescencji azotu.
Wykona¢ pomiar funkcji wzbudzenia poziomu oscylacyjnego v=0 stanu C .

Wyznaczy¢ dtugos¢ fali obserwowanych linii widmowych.

Sl

Wyznaczy¢ state spektroskopowe @, x. @, stanow wzbudzonych C 1, iB 3l_Ig czasteczki
azotu.
5. Wyznaczy¢ krzywe energii potencjalnej stanow C T,iB 3Hg.

6. Przeprowadzi¢ dyskusj¢ otrzymanych wynikow.



DODATEK A: Krzywe energii potencjalnej czasteczki azotu
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DODATEK B: Charakterystyka trochoidalnego monochromatora elektronow.

Stamatovic, Schulz, Rev. Sci. Instrum 41, 423 (1970)
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Characteristics of the Trochoidal Electron Monochromator®

A Branatovict awn G. J. Senurz
Mazon Loboratory, Vals Unioensity, New Haten, Connecileni 08520
{Raceived 9 Seprembar 1960) .

An tleetron monechromator fur use in an axial magnedc fleld 5 deseillicd. Eletrans are injected pacallel w the
magnetic field and un eleetric fold s applled I o peependicular direetion, ‘The electonh this desiribis (rochoids
anl drift in  direction perpendieulsr to hoth the clectric and mingnatic finlds and disperse necoeding to teir Inldal
velotitles, An electeon anerjpy width ot half-smaximum of 0.020 6V ein he obtained, with u transmlteod current of

ibgur 10~ A.
Im&DUCTION
N many swtudies of clectron intgraction with plems,
maleeules, and surfices purliculaely at low election

energies, it is desirable to produce u beam of mannenargatic
electrons in an avfal magnetic field, The axial magnetic

field prevents sprending of the electron beam and allows
separation of electrons-and negative fons, n the fon source
of o mass spectrometer, the magnetic livld prevents changes
in the shape of the electron beam with change of electron

‘energy and thus pravides exiration conditions which e

independentof eleetron energy.
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The most common method for redudng the ememgy
spread of electrons in an wxial magnetic ficld is the returd-
ing potentinl difference method, developed by Fox ef ol
1n this method, clectrons are retarded at one of the eec
trodes of the gun 5o a5 to create an energy distribution with
a sharp low energy cutoff, The cutoff potential is changed
by a small amount and the diffcrence in signal current is
measured, Generally, one can obtain a width at half-
maximum of the energy distribution of about 0.1 €¥. The
noise an a diference signal is the result of the noise in the
ol transmitted electron current, rather than the differ-
ente electron cucrent. Thus, noise §s often umddesirably
large when the retarding potential difference method is
used * A mathematical analysis of the retarding patentinl
difference miethid is given by Anderson of al?=%

The choice of other electron monochromators suitable for
use in the presence of an axial magnetic field is very limived.
In fact, it seems that the only other method is that
deseribed by Hartl* in which an clectrostatic lens with
high chromatic aberration is wsel as an energy dispersive
clement, ‘The use of very high veltages in this type of
menochramator and the strong dependence on the value
of the magnetic fidd do net seem convenbent for the
study of low energy electron collisions with atotns and
molecules.

The trochoidal electron monachromater, described in
this paper, oveércomes the noise problem of the retarding
potential difference method and gives, without the use of
high voltages, an energy distribution with a full width at
half-raximum of chout 0.02 ¢V, The theory of operation,
design problems, and results obtained with the trochoidal
electron monochromator are discussed in this paper.

I. PRINCIPLE OF OPERATION

The field configuration used in the trochoidal electron
monochromator has been briefly descibed by us in &
previous communication” and 1s shown in Fig. 1. Electrons
enter 1he mongchromator alung the 2 axis, Le., paratlel to
the magnetic fiekd, and an electric field is applicd along the
¥ axis. Such  fiehd configuration has heen used by Bleakney
and Hipple® in a mass spectrometey, and by Bailey® and
Barr and Perkins™ for an analysis of charged particies
emaniting from & plasma. This field configuration differs
from that of & Wien flter,” in which the incident electrom
beam direction is perpendicular both to the electric wned
the magnetic field directions.

The motion of charged particles in the configuration of
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fields that exists in the trechoidal eleciron menochromatar
is described in papers™* ss well as in texthooks !
Therefore, unly 2 simple procedure for Tollowing the
particle motion® will be given in this paper.

The equation of motion of an eectron in crossed electo-
siatic and magnetic fclds is given by

dva/di=—(e/m)[E+ {vaXB) ], (1)

where vy 18 the incident electron velscity, ¢ und m are the |
charge and the mass of the electron, respectively, while B |
is the clectric field, nnd B is the nugnetic field. The con-
figuration of fields given in Fig. 1 has no force component
acting in the direction of the magnetic feld, i, in the
divection of the incident dectron beam. The velodities |
of the electrons slong the 2 axis are therefore uniform.
This allows us 1o introduce & set of moving coordinates 5
which meve in the direction of the X asis with velocity §
given by

i Sl i

vy=(ExB)/ 8 (2

The velotity in the moving coordinate system is refated
to the velocity in the stationary coordinate system hy the
relations,

volty) = vab i a00; vl = dv(x )/, (3 1

where vo(x,3) i3 & compenent of incident velocity in thi |
X-Y plane, and v(x'y") is the corresponding com et |
of incident clectron velocity in the moving set of coondie g
nates. Substituting Egs. (2) and (3) into Eq. (17 gives the
ecuation for the motion of clectrons in the moving ]
naLe System,

[
dvia o) ilt=— (e/m)[¥ix 31X B #

This represents a circilar motion with racdiug g and ang
\?E’DCH‘.}!' -,

p=mels ¥} (B w=ebim. {3

The use of & maving set of coordinates, with the velocity
given by Eqg. (21, eliminetes the elecinc held from the
equation for clectron motion. The combination of the’
cireular motion in the moving set of esordinates und the'
rotion of the moving coordinate system jtself gives as ad
projection of the electron motion on the K-V plane one ol
several types of trochoids. The tvpe of trochoid depends]
an the relation of the incident electron velocity vecto :
to the magnetic field direction, In all these cases U
electrons are deflected in the direction perpendicular 1g]
both the magnetic and the electric fields, and after pass
through the crossed-field region they move in the magnetc
field direction, but are displuced from the previous Az
(see Fig. 1). The amount of displucement depends on th
ouraber of trochoids completed by the electzons during
their stay in the crossed-field region; i.e., om their velodty
component in the E-axis dircction, Thus the anergy selen
tion in this menachromator occurs as a resalt of the tim
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of thighe of the elecrrons. The displacement frum the axis,
D, b= given Iy
D=, (&)

where ! is the time spent by the electrons in the ceossed-
ticled region and can be woitien as

1= L o= L B ), {7

Here foe i8 the initial velocity wlong the Z direction,
w=dned, ond L is the length of the crossed-field region.
Combining Eqs (0} and {7} we obiain

D=vgliv=nel i /m b {8}

By partinl ditferentiztion. of Ea: {8) we pbiain the
eneryy sprend da,

Suvap= JA0SD, 9]

whire X8 s the simoof the aperture diameters of the
entronce und exit clecivedes (AD=54-5;).

The uptimum enerpy spread = obitained for the lowest
vitles of w. Thus one wishes 1o operate the monachronis-
i wf very low electron energies. This is schieved in the
present device by retunding the elecirons in te deflection
retiom, This retarding field alzo rejecte mest of those
electrons whaose velocity vector i not griented wille.

An additional enerey spread resulis from the tronsverse
viectnc field, The maximum poteniial drop acrss the
eleviron beam is £28;, where 5, is the diameter of the ea-
trance aperture. This potential drop causes a velocity
sprearl in the anaivzer and thus adds to the enengy
distribunian.

Combining Egs. (23, (81, and (%, and adding the po
tentinl deap aceoss the electmn bewm, we obtain the follow-
ing expresiaon for the full widih a1 the base of the epergy
distribution at the exit of the monochromator:

A BELEMAL ( BAEP 4 e Sy {iuy}

The Tull wiehh ot half-maximum, which s the quantity
messired expeimentully, is of course smalfer. Simpagn®
comcludes thit the ratio of the base width to the hall-
width, (Aw/dmy), i equsl to 2 {or o well designed instru.
ment. Hayward™ finds that this ratio is 2.4 for a 180°
magnetic analyzer. We find from cvperiment that for the
presently used trochobdal moenochromator this ratio is
25-15

II. DESCRIPTION OF THE MONOCHROMATOR
AND OPERATION

The electrode arrangement of the monochromator is
shown in Fig. 2 The dlectron source consists of a hairpin
shaped thesis coated Inddium flament and is followed by
three electrodes Py, Py, and Py, the last of which serves as
the entranee elecirode into the crossed fiedd region. The,
deflector plates Dy and Dy are made by machining a
cvlintler of the same diameter as the electrode disks and by

Ta CoFrean Cnampes &
Smigiging  Gaites

Fae. 2, Dingram of the eleetrde preangeseat of the musschromas
wor, The approginale g e atie, releree | Lo Lhe Alansent
conter, o s fulbows: Bl Wi I]'.--'ﬁ Vo, Lol B W, the midd-plang
of the deflectivn Gohil (less than 00 W1, 1% Tless vhan 0.0 ¥, Bl 5
Vi, The poientlalfs of electrodes I%=1% ane ndjusiod faf Ay
elociron carrent [ita L nianeehremniar, while tho albtr ginden Lisls
mre A ljiste | ar the Lost pessilibe energy disisilazian 11 ihe transmal-
Lok wdestenn Lennm, The spoacing betwees cloctrades i sppesiratel
1 mm und the specing betwoes deileetion jdstes (0D 32 mo

cutting it in half slong its axis The speeing Letween the
vwo parralie] surfoees of the deflector is showt (032 one. The
electrodes 1%-1% wre disks L6 em i diameter and (015 cm
thick, musde e Advince, 1 nonmesoctic alloy of copper
and mickel. Eoch elevtriie, aswell o5 ke deflector pliles,
has six holes (0,02 e dizn), egually speced omn 127 om
diam circle. These koles serve &5 weate for sapphire balls
(0150 g diarm), which cre vaed s specers end insulators
hetween clecirodes, All electroides, the defiector, and the
filament holder =re held wyethee by o end plates and
fivue bnltz joiving the lower and the upper end plates.

Three sets of defector plates with lengihs of .63, 1,27,
andl 1,90 o hiave been used, with the lust one giving the
beest posulis. The sizes of the electron beam apertures dre
given in Fig, 2. The filament and the aperiures on cec-
troles Py, Py, anil Py arce displaced by .32 cm from the
avis, whereas the exit and all subsequent electrodes heve
their holes on the axis of the monochromater. The exit
aperiure (5 funnel shaped to prevent reflection of electmns
from the aperture walls, The off-center apesture on the
exit elactrode Py is used foe alignment of the mignetic
fickd. With the deflection fcld switched off, the mugnenc
field is aligned by muximizing the slectron currenil to
electrade Py All electrodes are gold plated and the high
vacuum part of the system is baked to minimize contact
potentials,

The dectron encrgy distnbution is determined 10 1wo
ways; namely, by taking the dedvative of o retarding
curve and by measuring the negative-ion current resuliing
fromm electron attachment™ T SF, The latter is made
possibie by adding & collision chamber with anion collector
between the monschromater and the retunling svstem.
The retarding sysiem consists of three efectrodes which are
kept at the same potential in order 1o enzere 3 homaogenc:
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Fin, 3. The shape of the electron energy distribation. The full
Firve is Lbse onergy d af the 8Fy~ ion current mcssared n the
eodlisian chamber. The triangalar points sre chinined by mking the
derivative of the electron beamn retarding curve and normalizng to
bt peak of the SFy currend,

ous chectrostatic field in the space where retarding s
occurring. Figure 3 shows the eleciron energy distribution
obitnined by these two methods and it is scen that the two
methods agree well. The full width at balf-maximum of
the energy distribution is sbout 002 €V, The energy spred
at the base of the energy distribution curve is about 2.3-3.5
times larger than &1 half-maximum, The cumrent that can
hie obtained with this energy distribution is about $07 AL

IIL CHARACTERISTICS OF THE
MONOCHEOMATOR

The width of electron energy distibution in 2 given
geometry and in i fixed magnetic field depends on the
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Fic. 4, Charscteristics af the monochromator at Be= 100 G. The
einis to the experimentnl wilth st half.
maximum vi the veldtage I applied between Oy and [
The salid line is drawn throagh the bowest lving experimental poiats
and tepresents the "optimum’ curwe, The Lh-d Eneq are gblained
hiEpam i 0 A el
at # Ked & Lively,
divislon we ap te the thearetical values for the wI:IJtJj Il?rhll-
mmzimum al the energe discribation.
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Fig. 5 The relationship between the width at hall-masimam of
the elettron encrgy distribution and the maximum election beam
CRIFTENE,

deflection voleape, ns shown in Eqg. (100, Figure & shiws
the dependence of the width of the electron energy di
tribution on deflection voltage, The points are experimental
determinations of the width at half-maximum. The solid
curve |s drawn through the esperimentul points whick
chow the lowest balEwidth, and thus sheuld be considered
as the “optimum” experimental corve. It is believed that
the largs departure of some of the experimenial poinis
from the optimum carve is enused by the passape through
the exit aperiure of secondary electrons which are re
flecied from monochromator surfaces. This effen) is espe
cially pronosinced at those values of the deflection voltage
for which the trajectories of the secondary electrons pass
the exit aperture.

Alsa shown in Fig. 4 are plots of Aw obtained from Eq.
{10, but reduced by & factor of 2.3 and 3.5, This reduc-
tion factor apprigimates the ratia of the width at the base
of the disteibution and the width at hulf-maxdmemn

The influence of reflected electrons on the energy distn-
bution was checked by pliting the monochromator elec-
trodes with platinum black in order to decrease the reflec-
tion egefcient for low cnergy electrons, This reflection
coefficient i= about 809% for gobd plated surfaces, and abot
3077, for platinum-black-ceated surfaces!™ A sipnificant
decrease in the width of the energy distriburion was ob- |
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wrved when the electrodes were coated with platinum
hlack.

A search for space chirge efects in the monochromator
shows that space charge effects become important at
relatively high electron currents only &t the entrance
aperture of the monochromator. In the region of the
deflector electrodes, dispersion of the electron beam takes
place and thus the current density is lower than in the
region of the entrance electrode.

Figure 3 shows the relationship between the measured
width at hall-madmum and the electron beam cirrent
that can be transmitted through the monochromator, The
sperating voltages are adjusted, in this case, for maximum
electron current &t & given half-width. When the magnetic
field is increased (up to 250 G5), the transmitted electran
current also increases, but the efect on the energy dis-
tribution is net very large. Table L.shows the experimental
relations between the magnetic feld, transmitted electron
current, and the width at half-maximum of the electron
enerpy distribution. The first three rows of data are taken
a1 constant E/H.

I¥v. OTHER GEOMETRIES

Figuse & shows geometries which are similar to that dis-
cussed in the previeus sections, but which may be advan-
tageous in some applications. It is expected that the
monochromators shown in Fig. 6 will have similar char-
acteristics. In Fig. 6(a) is shown a geometry in which
dlectrons enter the deflector region through aperture 5,
are turned by 180 in the deflector region, and exit through
apertire 5. A preliminary check using such a monochr-
mator shows that the characteristics are similar to those
shown in Fig. 3. Figures 6{b) and () show geametries in
which the electric field is created by application of voltages
he:ween cylinders. Although the latter designs are expected

TaeLe 1, The u] relationy belween Lhe magavnie feld
:a transmitied eleciron

8, the d:l:ﬁ.}un carrent f,, and ithe
experimental width at m-mm af the eleciron energy distrila-
tist [duly.

B I 1, ey
100 G iy LRIt A 018 &V
150 n7s B 10 [
20 0240 Ja X (0t il
250 0.340 LRk 1 LEE

to exhibit high dispersion, the conslrition appears Lo bie
difficult.

The authors are gratelul wo [ B, Bernstein, % D.
Burrow, M. |. W. Boness, and 0, Spence for many ven
helpful dizcussions und advice. Thanks wre doc 1o | H,
Kearney for invaluable assistance in the design,
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