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abstract

A multianode muitichannel detector for angle resolved photoelectron
spectroscopy has been developed. A ahort review of existing eystems is in-
cluded along with a description of the deeign and construction of the detec-
tor. Initial test spectra of Ag(111) using a raxe gas discharge lamp are

presented.
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1. Introduction

Photoemission experiments have the following independent parameters: the
frequency, polarieation and angle of incidence of the photons, the crystal
face, orientation and surface atructure of the cryatal under investigation,
and the exit angle and spin polarisation of the photoelectrons. 'The energy
distribution curves (EDPC) in angle resolved photoelectron spectroscopy
{ARPES} change, often drastically if one of these parameters especlally the
frequency and polarisation of the photons and the photoelectrons exit angle,
is wvaried and examination of the electronic bands of the crystal throughout

the Brillouin zone is possible.

ARPES experiments are carrled out under ultra high vacuum conditions. In
thie work the photoemitted electron kinetic energles are measured with an
energy dispersive hemispherical analyser. The electrons are trangsported, and
accelerated or retarded to the analyser transmission energy, from the sample
to the entrance aperture of the hemispheres, by a three element electrostatic
lens. The hemispheres disperse the electrona which travel between them about
the line in the exit plane which lies on a radius (Purcell 1938}. Fig.1
shows a echematic of this process for the VSW {(Vacuum Science Workshop) HAS0

analyser used in this work.

Conventionally a channeltrxon electron multiplier is used as the electéon
detector accepting a fraction of the electrons through an aperture placed at
the centre of the exit plane. The entrance and exit apertures define the
energy resolution (Imhof et al 1976). The electrons which arrive on either
side of thie exit aperture carry information related to other kinetic energy
valuee of electrons photoemitted from the sample. Hultichannel techniques
collect these electrons too, allowing simultaneous analysis of several
kinetic energy values. Electrons which arrive at the mean radius posgition
have energy Eq, the transmission energy of the analyser. Electrons with
lower Initial kinetic energies are not focussed exactly at the entrance aper-
ture {see, e.y. Hoyland et al 1986), but they are transported around the
hemispheres and pulled towards the inner hemisphere. Similarly, those of
higher initial kinetic energy end up nearer the outer hemisphere at the exit
plane. The energy window W over a distance L in the exit plane can be calcu-

lated in theory from the equation of Imhof et al {(1976):
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where Ey is the transmission energy., R, 1s the mean radius and a the angular
gpread of the electrons. Terms in c can be ignored for the purpose of this
calculation since W is calibrated by experimental methods. For L = 18 mm W

is 0.155 Eg-

1f a range of energies Eq + W/2 can be meagured while the analyser volt-
ages are set up for one kinetic energy value-then the increase in sensitivity
is obvious. Such an increase 1s needed in photoemission experiments where
spectra from surfaces, which are sensitive to contaminatlon from the residual
vacuum must be accumulated gqulckly. Apart from the abllity to obtain dpectra
more quickly a multichannel system can be used to measure slgnals which are
low relative to the background. Hultiscanning of such a feature results in a
high overall count rate with an increased signal-to-nolse ratio over seingle
channel counting. Bright photon Bources are available, e.g. synchrotron or
rare gas discharge lamp, so the development of a high count rate, e.g. 105 Mz
capabjlity, increased sensltivity detector for electrons is essentlial for the
production of good statistical spectra from stable samples. Such a develop-
ment opens up new avenues of research for photoemission experiments where the

spectrum is superimposed on a large secondary background.

2. The Basic Multichannel Assembly

Electrons arriving in the exit plane need to be multiplied. The avall-
able gap between the inner and cuter hemispheres is 28 mm for the HAS0. One
possible way of achieving parallel detection would be to Instal several
single channel detectors across the exit plane; however, sgeveral channeltrons
would not fit into such a small gap and would not be able to cope with count
rates in excess of 1 HHz. A schematic dlagram of the bagic multichannel
assembly is shown in Fig-2. The multiplication ls achleved vlia a chevron
pair of microchannel plates (Wiza 1979). The pulses of electrons leaving the
microchannel plates are accelerated on to the collector, which is able to
transmit these pulses to the outslde of the vacuum chamber. Several types of
collector have been manufactured to parform this functlon; a review of such
collectors .is given in the following section. MNote that the positional in-

formatlion of the pulse is required for energy analysis.
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3. A Review of Multichannel Detecting Systems

With the advent of microchannel plates {Wiza 1979) position sensitive
particle counters have been constructed for the detection of low energy par—
ticles. The electron pulses are either meagured directly (see, e.g. Davlel
et al 1982) or indirectly (see e.g. MacDowell et al 1983). There are a num—
ber of possible detection techniques which are discussed as follows:

3.1. Photographic Plste
The simplest method for capturing an extended image is to use a photo-

graphic plate but this suffers many disadvantages such as low quantum effi-~
ciency, poor dynamic range and non-linearity. Host importantly the quantita-

tive analysis of such data is inconvenlent.

3,2. Electronic Techniques

After amplification by the channel plates the charge cloud inltiated by
the impinging electron must be reglstered with its position. There are three
maln classes of detection technique (1} charge divislon techniques, (i1}
image scanning techniques and (iii} multiple electrode arrays. These three

techniques are discussed in the following subsections.

3.2.1. Charge Division Techniques

The charge cloud impinges on the resistive anode (collector) and
divides. The arrival position is determined from the pulses detected at each
end of the anode (Lampton and Paresce 1974). For one-dimenslional readout the
resistive strip forma an R-C line, which has the property that the decay time
of the charge pulse depends on the position of excltation on the R-C line
(Mathieson at-al 1974). High spatial resolution of 50 ym has been obtained by
Parkes et sl (1974). This technique is fine for maximum count rates of 10
kHz per square centimetre but for many photoemission experiments this would
be a severe limitation. ‘The principal dlsadvantage of charge division sys—
tems is the large dead time, typically 0.5-5 ps which makes the system prone
to pulse pile-up, especlally for count rates greater than 2 kHz. Thlis there-
fore limits the usefulness of this technique to instruments having low over-—
all count rates where full advantage can be taken of its potentially high re-
solution with increased sensitivity (see, e.g. MacDowell et al 1983}, oOther
charge division techniques have been developed by Wijnaendts van Resandt and
Los (1979) and Gabriel et al (1978}.
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3.2.2. Image Scanning Technlques

An array of photo-sensing or charge-sensing detector elements is placed
in the image field of the particles to be detected. Each element of the
array consists of a small charge storage cell or capacitor. If a quantity of
charge 1s depogited in one of these cells it remalns stored in that location
until it is neutralised or tranaferred elsewhera. After an interval of time,
the stored charge pattern is read out 1n the form of an eleccricl sigmal
presenting the positional information. Ideally the time taken to read out
should be much less than the integration time to minimise the system dead
time. Image scanning detectors can be divided into two groups: those employ-
ing television vidicon camera tubes and those using charge coupled devices.
These ilmage sengors are all photosensitive so a phospher screen is normally
uged to convert the charge pulses into photons. Vidicon tube type systems
have been developed by Gelius et al (1973) and Caesar et al (1979}. A prob-
lem with this type of detector 13 incomplete readout of the stored charge and
further, the ctube is physically bulky, making installation difficult. A
charge coupled device system has been used successfully by Daviel et al
{1982) for gas phase work. However for solid state photoemission the maximum
count rate would be limited by the phosphor acreen decay time which is of the
order of milliseconds. Thig system would be fine for a fixed detector but
for mounting on a three—axis goniometer f£ibre optic technolo;y would have to

be employed.

3.2.3. Multiple Electrode Arrays

Many independent anodes collect the charge pulses. Each anode is con-
nected to a preamplifier and followed by a counter. A computer reads out the
counters and congtructs the positional and then energy distribution. This
has the obvious advantage of a much higher maximum count rate capability.

The main disadvantage from the polnt of view of some experimenters 1s the
large quantity of electronic equipment required to process the signals from
the detectors. This is a valld arqument for those who expect low (¢ 10" Hz)
overall count rates across the multidetector and hence use of one of the two
methods previously described would be in order. MNilsson et al (1972} have
described a discrete device consisting of parallel plate electron multipliers
ag the amplifying devices. The pulses are recorded after a capacitor placed
at the exit of the multiplier. The noigse level is low and the resclution

good but the technique 13 laborious at both manufacture and readout stages.
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The method chosen in thls Wwork was that of discrete anodes each with
their own preamplifier and counting electronics preceded by a 25 mm pair of
channel plates (Mullard Gi2-25 SE/A). It is in principle a simple arrange-
ment and has the high count rate potential regulred with an incresse in sen—~

sitivity over single channel counting.

4. The Design and Construction of the Multianode

The multianode was made by photoetching the design onto a copper-coated
ceramic gubstrate. The existing exit assembly on the HAS0 allowed for a sub-
strate 60 mm in diameter, around which up to 40 connection holes could be
drilled. The active area of the channel plates was 18 mm so this was chosen
ag the diagpersion length. The fllma for photoetching were designed on a com~
puter—~alded design (CAD) system at Daresbury and can be seen in Fig.3. Each
anode is 3 mm perpendicular to the plane of dispersion, being 225 pm wide
with a 225 um gap. There are 40 anodes in the 18 mm dispersion length. The
revergse side of the substrate was also coated to enable biasing at the same
potential as the anodes, the negative of which is shown in fig.3. For reduc-
tion of croas talk a ground plane (at H.T.) was constructed around the tracks
leaving a small insulation gap. The lower limit for anode width is set by
the maximum gspread of electrons at the second microchannel plate. For the
petentials applied {Fig.2), a maximum gspread of eight channels, each 12.5 um

wide, can be expected. This sets ths lower limit at 100 pm.

A schematic layout of the electronlcs network is shown in fig.4. The
multianode was connected in vacuum by somé non-magnetic stainless steel bar-
rel connectors and 75 Q coaxlal cable RG17% B/U, manufactured by Habia Ltd.
Ceramaseal MHV feedthroughs were used on the flange. COutside vacuum RG

59 B/U, also 75 Q, was used to connect up to the preamplifier.

5. Dara hcquisition
The systemt requirements could be split into two sections; a 40-channel

amplifier/discriminator processing the pulses from the multiancode and a high
epeed 40-channel scaler system to count the pulses from the discriminator.
The 40 channels of scaler were very conveniently provided using the LeCroy
"ECL line™ 32-channel scalers (model 4434). These units required a differen-
tial ECL input and are sited in a standard CAMAC crate/LSl 11/23 system. The

amplifier/discriminator aystem was desligned and produced Jin-house by the
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Instrumentation Lab. To allow for expansion it provided 48 channels of input
and was a pelf-contalned crate. The amplifier inputs contained the necegsary
blas and blocking components to operate the Input at a d.c. potentlal of up
to 3 kv (Flg.5). The channels were grouped in blocks of elght Iin double
height euro-modules. Becauge of the problems of EHT disetributlion, the blas
supply had to be provided separately for each block of elght amplifiers
{Flg.6}. A common discrimlnator threshold for all 48 channels was provided
with a single multl-turn control. In addition, for teat purposes a single
common charge injection test input was provided. A commercial mondular power
supply was used to provide the low voltage amplifier/discriminator supplies
and LED monltors were lncluded for fault diagnosis. The amplifier was of a
common base type in order to give low nolse and the required matching lmped-
ance. The discrimlinator had a differential threshold level buffered from the
front panel control. The useable threshold input was 1 million to 50 million
electrons. The matching between channels was #*(500,000 + 20% of threshold).

The input impedance was 75 (.

6. calibration and Initial Results

The energy window, W, was experimentally measured by setting the ana-
lyser voltages, via CAMAC output driver {FISHER 2411} and a Cooknell's pro-
grammable pawer supply unlt for single channel scanning using one of the
central channels (Ho.20}. A cleaned Ag{111) crystal was used as the ssmple
and slngle channel spectra of the Ferml edge were accumulated from channel 20
and a glven other channel simultaneously. This gives information about the
energy separation between anodes and this leads to callbratlon of W. For
this work only the even-numbered anodes were used (No.2 to No.d40). Thls
corresponds to 20 ancdes in an 18 mm dispersion length. A spectrum for
channel 20 and channel 10 at Eg = 10 eV is shown in Flg.7. The step slze was
25 meV. Spectra were taken for all the even ancodes and the energy separa-
tlons measured. These energy differences were plotted vs. channel number and
W meagured for a glven Eg- The results for Eg = 10 ey are shown in Fig.8
glving W = 0.160 EO‘ This value for the dispersion was checked for Eg = 2 eV
and 5 e¥. However, 1t was only found to be the same If the front of the
first channel plate was set to the transmisgsion energy voltage (Eo/e). There
was evidence for extensive fleld penetratlion into the hemlispheres whan a
voltage of 200 v was applled. The values of W for thla case were signifl-
cantly different, namely ~ 0.40 Eo for Ey = 2 ey, 0.24 Eo for E0 = 5 eV and
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0,17 E, for Ep = 10 e¥, Once a significant change was notlced for the

Q
Ep = 2 eV cage V) was altered to the fleld-free value and data runs restart—
ed. The value of 0.160 E0 for W 1s in good agreement with the theoretical

value of 0.155 Eg-

Since the dispersion was meagured to be reagonably linear, the method of
acanning adopted was relatively slmple and requilred no correction for the
variation in intengity across the channel plates. An averaging process was
employed. The analyser voltages were scanned so that a spectrum was stepped
across the multianode in energy steps corresponding to the energy width of

one anode W', where W' is given by
W' = 0.16 E4/20

Thus each polnt on the final output spectrum was accumulated from 20 data
values added together each value having been recorded for subsequent analyser
voltage settings during the scan. For a complete spectrum from a chosen
START value and FINISH value, where FINISH ls:chosen to be an integer milti-
ple of W from START, the analyser starting voltages must be set up for a mean
kinetlc energy value corrssponding to START~W/2 and must end at FINISH+W/2.
Thls engures that each polnt in the final spectrum ls an accumulatieon of 20
data values. However, for a spectrum which is only W wide the scan will be
relatively inefflclent compared with a gpectrum contalning several windows
(W). The expense of having to scan for an extra W in kinetic energy 1s moxe
than compensated for by the increase in count rate achleved by the mltide-

tector.

An exanple which shows the increase ln senaitivity of the pregent multi-
detector 1s shown in Fig.9. The sample is Ag(111) and the gpectra were taken
at normal emisalon wlth an angular acceptance of +1° FWHM at Ky = 21.22 evy.
The pample was cleaned by the usual method of argon 1on bombardment at 2 kev
followed by annealing to 700°C. Each spectrum took 16 mins to accumulate.
The transmission energy was 2 eV. Note that the T surface state at the Fermi
edge (EF) 1s enhanced in the multichannel scan. The increase in sensitivity
is 20.

As a check of the energy calibration a spectrum of the F surface state
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using Ne I radiation (16.848 ev) was taken (Fig.10). The Ne I line has a
spin orbit partner at 16.570 eV so spectral features should be separated by
0.178 eV¥. The purface state peaks [rom the two He lines are separated by
0.165 eV in good agreement with the expected value. The step size for the

scan was 16 mey, corresponding to an ancde-spacing width of (.9 mm.
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Figure captions

Plg.1.

Plg.2.

Plg.2l.

Flg.4.

FPig.5.

Fig.6.

Flg.7.

Flg.8.

Fig.9.

Fig.10,

Schematic diagram of the hemlspherical analyaer.
Basic multichannel assembly.

Front and back filme for photoetching.

schematlc layout of the electronica.

EHT blas distributiocn.

EC705 crate syatem.

E, = 10 eV Ag(111) Ferml adge acan. (o) channel 10;

]
E; = 10 eV calibration curve.

Multichannal and mingle channel spectra of Ag(111).

Ne I normal emlssion Ag(111) for E; = 2 ev.

PADM-86/302 11

([]) channel 20.

Sample

Quter
hemisphere

Electrostatic lens

Electron
delector

Fig. 1

hemisphere




lnner
hemisphere e

e~

Quter
hemisphere

Vi

\y + 750V O—

\\\\/\\

~10%e~

Vy +2.3kV O—

NN

~108%e- pulse

~108¢~ puise

Fig. 2

Microchannel
plate 1

~10%e~

T
e

Microchannei
plate 2

Electron
pulse collecior

Front
(+VE)
(o] OEBDO 0 120
15 39 L0 3%
Back
(-VE)

Fig. 3



Analyser
| Multianode
RG 179 B/U 40 40 RG 179 B/U
cables ! cables
1
—_———]=——}— |~ Vacuum flange
RG 59 B/U 40 40 RG 59 B/U
cables cables
Cooknells 40 off
programmable preamp HTY plane
P.S.U. modules
6 ofl HT. bias
24 way 40 way
ribbon ribbon
cable cable

CPOR
Fisher
oD241

Lecroy
4434 | CAMAGC

LSI 11/23
computer

V.DU.

Fig. d

VACUUM

The bias is commoned in
blocks of eight channels

HT Bussed Bussed
bias test threshold
J_pulse

15M

Amp Disc

75R

{48 off)
Fig. 5



= | 9| ] S
o

00000000

wo -~ o o < n 0 M~

Bias

00000000

Wo ~ oo ™ < 0 W0 ™~

Bias

£00000000

E0123456?

Bias

7@@@@@@@@

EO1|234567..

7@@@@@@@@

_._._01234567

Bias

7@@@@@@@@

01234567..

olojlololo| o

Bias

o]
C@h °
G

Test

=
o

PSU
EC705 Crate

240V.AC

=

Fig. 6



Counts per 20 seconds (x101)

175
150+
o
. o
o
V]
125/ @
@
o
omom
© o
100 V)
o
] T ] ®
ot o o
mm 00 8{?00@ ®
751 0P ®a; o Y0
Eﬁﬂn m mdmﬂmﬂﬂﬂﬂmﬂm ;%:m% 00000
q ' o
50- b %,
251
O T T '. T 1 1 T T 1 T T T 0 1 L i 1 T
14.80 15.20 15.60 16.00 16.40 16.80 17.20 17.60 18.00 18.40

Kinetic energy (eV)
Fig. 7

18.80



<

ST
o ) n_u.
(,-01%) (A9) Hiys Abiouz

<
o
1

©
o
i

-0.81

~1.0

" 40

36

32

24 28

Channel number

Fig. 8



6 ‘bi4

{ A2) ABisua Dl1auUIy

ov'e Ow._o_.

ON“N—

Oo..m_.

Ooum_. O.v“@_.

Ow_.\._.

uoissiwa |BWION

A200°2 =03
A2 00°21L=33
A ZZ12="Y

-0SeE

0Ly

o
P
0

(,01Lx) puooss Jad sjunon

01
r0€8
0S8
~0401
-06GLL

~OLEL

ﬁomi




4201

3601

Counts per 5 seconds (x10')

)
o
o

N
B
o

L

],

E,=2.00 eV

0
1210

1215

12.20

12.25

12.30 1235 1240 12.45

Kinetic energy {eV)
Fig. 10

12.50

1255

12.60






