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Abstract

The paper describes system configuration and software
design, The system has the following features: flexible
user interface, succinct control levela, strict
protection and high intelligence. It can run EDC, CFS,
CIS experiment modes very conveniently with SR light
Bource. Its construction and design idea of the system
can be applied to other data acquisition systems,

1. Introduction

Photoelectron Spectroscopy Experiment Station at
HESYRL: works from VUV to soft x-ray \?velength(lwv iG
IOOOeﬁ) with resolution E/E 10 and flux 10

The present photoelectron spectrometer is
import.ed from VSW (Vacuum Scientific Instruments) Co.,
U.K. The software package also provided by VSW is mainly
designed for regular light source and regular
photoelectron spectroscopy analysis techniques, but not
suitable for the special reguirement of experiment modes
with SR source. Up to now, having madified and developed
the control system and software, the completely
compatible system ecan not only carry out regular
analysis techniques such as Auger Electron Spectroscopy
(AES), UV-Photoelectron Spectroscopy (UPS), X-ray
Fhotoelectron Spectroscopy (XPS), but also bring about
Synchrotron Radiation Photoemission Spectroscopy
(SRPES), Angle Resolved Photoemission Spectroscopy
(ARPES), Near Edge X-ray Absorption Fine Structure
(NEXAFS) and Photoelectron Diffraction (PED) with
controllable SR source. We hope it will promote further
regearch on surface science and material science.

2. Design principle

. Special requirement

The basic principle of photoelectron spectroscopy is
to irradiate samples with monochromatic light source,
causing photoemission from atoms or molecules, then
analyze the electron energy and angular distribution and
get the useful information. So a control eystem for
photoelectron spectroscopy experiment is focused on two
points: to change exciting source and acquirmg methods
of electron energy.

Exciting source

The gystem must control beam line availability, such
ag wavelength scanning for different users in different

experiment techniques, zero order scan, photon intensity ,

detecting and other analog signal measurement.

Four different spherical gratings and entrance/exit
slits are installed In the beamline. It is demanded that
the rotation of the grating and translation of stepping
motor driven entrance and exit slits follow the Rowland
circle.

Operating modes

Three operating modes with SR socurce must be inserted
to the system; EDC mode, CFS mode and CIS mode.

Jesign principle & implementation scheme
1) It iB necessary not only to meet the special

requirement above, but also to assume the most succinct

man-machine interface. Beamline control is an example.
Although there are so many parameters of intelligent
motor controller, and the gratings and slits tracing
movement is complex, there are just three necessary
parameters in the user’s interface to execute beamline
scanning: grating number, initial and final energy of
rhoton. The new added GPIB interface supports all
beamline control.
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.requirement and hardware environment. At last,

2) The 1nt.egr1ty of the original software manager
level structure is to be preserved. All the extended
periphery drivers are inserted into Software/Hardware
interface layer. The Function layer is expanded and
other layers are developed.

3) We assure a complete compatibility with original
software both in general and details. In general, it
includea the following fields: man-machine interface,
experiment gqueue, file system, image display and
Protection measure, specific processing such as exciting
source selection, experiment technique selection,
parameters input and collection, the experiment
condition recorded in data file, status diaplay and so
on are completely compatible.

3. General description

-General wmanager level structure

The aystem structure can be divided into the following
layers: User interface layer, Anelyzer, Scheduler,
Function layer, Software/Hardware interface layer and
Hardware layer, as shown in Fig. 1.

User Interface

Analyser

Scheduler

Function

S./H. Interface

Hardware

Fig.l General manager level structure

User Interface layer

This level accepts and analyses preliminary user'’s
input, it checks whether input is legal, diaplays
peripheral equipment status and corresponding processing
messages.

Analyzer

It makes a concrete analysis of user’s input, then
generates some legal results according to user’s
the
results are sent to the Scheduler.

Scheduler

It issues different function calls in the light of the
results sent by Analyzer. If it must be supported by
peripheral devices, it will tranafer commands or
parameters to peripheral devices and get status back
through Software/Hardware interface. The calling skill
is obtained by use of a special dictionary made of
function pointers which just belongs to C language.

Function layer

It executes varicus copcrete functions such as real
time image display, reading and writing data files,
queuing different experiments, running experiment and
acquiring data., This layer and scheduler are the core of
the system,

Sof tware/Hardware interface layer -

It is the lowest level of the software system. At this
level, commands and data are transferred between system
and peripheral devices. This layer includes all
interface drivers and check of peripheral device status.
If a certain device goes wrong or is not ready,
a varning message will occur at the user interface.
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JHardware configuration

The whole system configuration is shown in Fig. 2. All
the experiment equipment is comnected to host machine
through twe main interfaces: Asynchronous commmication
port RS232 and GPIB port.
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Fig, 2 Hardware configuration

RS232 serial interface

All devices of the photoelectron spectrometer and
regular light source are connected to the special
interface ESCA provided by VSW Co. amd commmicated with
IBM—PC/AI')é] via RS232., ESCA is an intelligent
interface'“!. It contains CPU, ROM, RAM, converters,
controllers, communication port and other I/0O boards.
The advantage of ESCA interface is to separate the
software associated with hardware fram data analysis at
high level, so that users can cut out and extend
software or hardware on the basis of different demands.

The photoelectron spectrometer has two kinds of
electron energy analyzers: Angular Resolved HAS0 which
is equipped with HAS000 and HA300 controllers and
Angular Integrated HAL60 with HA5000 controller., The
system provides Single Channel Detector (SCD) and Multi-
Channel Detector (MCD) to acquire data. According to
different conditions, MCD can be divided into three
modea: Multi S1lit Mode (MSL), pulse counting
electronically variable slit mode (EVS) and Mulated
Auger electronically variable slit mode (Auger) .

GPIB interface -

All the devices concerned with beamline centrol,
measurement and data acquisition are connected via GPIB
interface. The easence of beamline scan is to control
four different spherical gratings and entrance/exit
slits by multi-chammel atepping motor. The rotation of
the grating and translation of the stepping motor driven’
entrance and exit slits follow the Rowland Circle to
assure that the beamline has higher resolution over
whole energy range, Besides, the mass analyzer also
works via GPIB interface,

There are four CPUs in the whole system, 80286 in host
computer, Motorola 6809 in ESCA interface, 8088 in
stepping motor controller armd CPU of multi voltmeter,
These CFUs work in cooperation with each other and in

" charge of main control or sub control respectively,
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Software structure

Software system can be divided into the following
function blocks as shown in Fig.3: Input mt:lule, File
module, Image display module, Kernel processing module
and Interface control module. The functions of each
module are described in the following:

Software
Elooks
Interface Tmnage
Coatrol Display Input
Fl
Kernel Syotems

Fig.3 Software function blocks

Input module

It accepts user’s input and belongs to User interface
layer of manager level structure,

File module

It manages data files, generates or retrieves image;
files, builds or executes repeatedly command files. It|
belongs to Function layer. ’ l

Image module !

It includes various technical processing such as tol
build man~machine interface windows, to display the
acquired data, to form experiment spectrum, etc. This
layer belongs to User interface and Function layers.

Kernel module

It executes user’s command and implements concrete
experiment task. It is permeated into all the layers in
Fig.1l except for Software/Hardware interface layer.

Interface control module

It belongs to Software/Hardware interface layer.
Besides transmitting common commands and data, it
controls the two interfaces as follows:

ESCA Interface: Spectrometer control including to set
up electrons’' kinetic energy for energy analyzer,
operation parameters, x-ray gun parameters, start
energy, scan range and scan step, charmels, dwell time
of the detector for each channel and s0 on.

GPIB Interface: Beamline control including to set up
parameters for each stepping motor, photon initial scan
energy, scan range amd scan step size, zero-scan, status

_display, photon intensity monitor and other analog.

signal measurement.

The layout of interface control is shown in Fig.4.
Both INTERPRET and TERMINAL drop menu are man-machine .
interfaces associated with interface control. INTERPRET
function dictionary belongs to kernel module.

ESCA Contral ;
Fig.4 Structure of two interface control levels
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Experiment course
The system supports the following modes & techniques:

Operating _ Mode
Electron Density Curve with fixed photon energy EDC
Constant Final State with scanning photon energy CFS
Constant Initial State with scanning photon energy CIS

Experiment_Technigue
Synchrotron Radiation Photoemission Spectroscopy SRPES
Angle Resolved Photoemission Spectroscopy ARPES

Near Edge X-ray Absorption Fine Structure NEXAFS
Photoelectron Diffraction PED
Auger Electron Spectroscopy AES
X~-Ray Photoelectron Spectroscopy XPs
UV-Photoelectron Spectroacopy UPs

Experiment Queue

To normalize experiment course, the system provides
standard experiment queue table (Table 1) and experiment
scan regions table (Table 2).

Table 1 shows Experiment Queue and its legal options.

Analyser
Aotive File Rogi Technd Controll Dotloctor  Sourace
/o . [} EDC BACS000 MCD(MSL,EVS) SR
or HAC3G0  or Scaler
y/n * ] crs - HACG000  MCD{EVS)
or HAC300 or Soalar
¥/r . F ] c1s HAC5000 MCD(EVS)
E or HAC300 or Soaler
/o ¢ ] XPS HAC5000  MCD(MSLEVS) XRAY
s or Soaler
¥/n . f ] UPs HAC8000 MCD(MSLEVS) UV
or HACIG0  or Soaler
y/n * ] AES HAC5000  MCD(MSLEVS, EG.
Auger)
or Soaler

Table 1. Experiment Queue
Table 2 shows Scan Regions (take CFS mode as an
example) ,

l Active Lable Swoeps Start Span Step Polnts KEFixed Dwell

FS  Mode ,

HAC 8000
Mode Pass +/~ Lens Mag Bes Contaot

MCD Detector
Mod Slits Mode Threshold

SR Source
GratingNo PhotonEnergy

Table 2. Scan Regions
Scan Regions table is composed of five parameter
blocks. It will display a different parameter block
according to the selected operating mode or experiment
technique and experiment condition (in Table 1),

Experiment procedure

Ugers can set up parameters in the two tables above
for different experiments and input command to start the
system, then the whole experiment procedure will be run
automatically. The acquired data are real time displayed
on the screen, then are saved into memory. The data in
‘memory are written to data file automatically after
finishing scan for further processing later. If users
have set up several experiments, it will run to next
experiment as soon as finishing the last one. In
addition, the system provides multi regions and multi
scan functions to satisfy different user’s needs., Users
can deal with data in a special region repeatedly, so
that the ratio of signal to noise and experiment result
precision are improved.

It is convenient to build some non-standard experiment
techniques at INTERPRET and TERMINAL man-machine
interfaces.
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.Data processing

Usera can process experiment data off line by a
separate data process software. The methods provided
are the following: Data analysis (Smoothing, Background
subtraction, Peak area measurement, Addition/Subtraction
& Data re-scaling), Curve fitting and spectroscopy
resolution, Deconvolution (Deconvolution by FFT or
Iteration, Spin orbit partner removal by Deconvolution,
X-ray satellite removal by deconvolution , Curve fitting
by deconvolution)

All source files about 200 in number, are written in
Microsoft C 6.1 and C 6.0.

4,.Sof tware features

The system adopts the following aoftmre techniques:

+Windows

All man-machine interfaces adopt advanced window
techniques. The whole user layer can be located by
keyboard and mouse. Users can input parameters, display
status or execute action by main menu, drop menu,
submenu, parameters input menu, commend line and comnand
file as shown in Fig.b. Generating, overlaying, saving
and retrieving windows are implemented by
reading/writing video memory directly.

Main Menu Bar

Pepation
Drop Drop
Menu Menu
Fanetan | Voasuen
Aokon Rxsvute

or Asllen Rxsvuts

Fig.5 Menu levels

.File processing

File system has the functions of "save" and
"retrieve". There are three kinds of files in the
system,

The first one records experiment technique, experiment
condition and experiment data. It can be further
processed by a separate professianal data procesamg
sof tware.,

The second kind is an image file which displays real
time during an experiment course. It ignores experiment
conditions but preserves image attributes (screen color,

image style, point coordinate...). It can be turned into -

image at any time but couldn’'t be processed by other
data processing sof tware.

The last one is a command file. The system can record
compand lines input by users and form a command file,

. then reserve it in order to run the experiment

repeatedly at any time.
All the three kinds of files have cne thing in common:

" the course of building, retrieving or executing files is

implemented automatically. Users can input file name

when message occurs.

Real time display and image Itoeessina

The acquired data are displayed on the screen in
separate (point) or continuous (line) style. The results
are that a data file is formed and saved to disk
automatically. The picture on the screen is a spectrum
produced in the experiment course. In order to deal with
wave peak or for other purposes, users can display the
whole image, enlarge any part of the spectrum to full
screen or move any part of the image to any location of
screen. Of course, users can abort experiment and
display course at any time,
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‘such as pointer,

‘readable.

:generation,
protection are important elements in a large data
_acquisition system, The system can be applied to other
conditions if modified somehow according to hardware
‘canfiguration and experiment demands.
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JProtection seasures )

To avoid abnormal phenomena caused by mis-setting
parameters and commands or unreasonable steps during an
experiment course, some protection measures are adopted.

V'I‘he protection measures are as follows:

Protecting against mia-setting persmeters

If users set incorrect parameters because of being new
to the inatrument, the system will match hardware set
and correct it, so that the hardware can be well
protected. - :

Long jump from error sites

‘Error sites, such as device error or device not ready,
mismatch of experiment technique and experiment
condition will make machine dead and abort experiments.
In that case,
messages in time, the system can save sites and stack
environment at any position where errors may occur. When
an error is detected, the system reatores stack
environment and jumps back to the original site.

»Data structure

Among source files, all va.riables and data structures
dimension, structure, union,
enumeration, table, chain, tree are used alternately and

‘flexibly., Thus, source files not only have good
.readability, but also support the modular design for the

whole software system. For example, INTERPRET drop menu,
one of the man-machine interfaces, accepts FORTH style

command and parameters and matches professional’

dictionary to control devices connected to ESCA and GPIB

_interfaces. The data structure relative to this part is
‘a table, Each table item is a structure, whose structure
1me:ubuars are composed of commaryl names and corresponding
. function pointers.

Modularieation design

In spite of the software system composed of about 200
source files, the structure is guccinct and well
The method is to concentrate the functions
which implement a certain kind of function, construct

-one or a few source files and form independent function

modules. The external interfaces of such modules are
minimized and the implementation details for other
modules are transparent, For example, the window module
includes all the necessary functions. When you would
like to make a window, you Jjust call the interface
function of window module and pass attributes such as

"length, width, coordinate, color, title label, without

considering implementation details such ms video mode,
window overlay, the location of video memory etc, The
game principle is adopted in real time display, file
system, exciting source control, analog signal measure
and SR experiment modules.

JLPortability .
Although the control & data acquisition system has
profesasional experiment techniques and was designed

.specially as a synchrotron radiation photoelectron
. spectroscopy experiment station, it can be referred to

in other control & data acquisition systems.
Especially, the structure parts of the software such as
experiment course, image real-time display, data file
interface control levels and strict

Modularization structure and flexible data structure

in software improve portability of programs, Users can

cut out or exterxd the original software in the light of
different demands. Most function modules can be
separated to insert other software systems. Thus,
programuing work is reduced and efficiency increased.
Portability is shown in the Software/Hardware

interface layer too. This is because the analysis
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hardware are located. So, if you want to build a new

" control system with different hardware, just modify the

function layer, insert Software/Hardware function layer,

' which matches new devices into the system. A new conirol

and data acquisition system with different functions but

_of the same style will be created. We have designed and

developed a new system for a photochemistry station at
HESYR, with the same structure and have made a great

success in this field,
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