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Based on the 19” eurobus cassette, a system for automated measurement of the electric conducti-
vity, Hall coefficient, Zeebeck coefficient, lhe transverse Nernst-Eltingshausen effect coefficient and
the thermal conductivity of semiconductor materials is developed.

It can also be used to determine a number of related quantities. The system works in real time
and has a unified input and m-asuring parts. This creates maximal good conditions for carrying
out the experiments.

1. Introduction

The creation of automated measuring equipment is always relsted to serious diffi-
culties and problems, which arise from the requirements for high accuracy and relia-
bility of the measurements and the multivariance of the measuring modules. These
requirements interfere with the automation [1].

Automated measuring systems are not commercially available, since automation is
always specific and depends on the conditions for the concrete measurements. The pre-
sence, however, of industrial controllers governed by computers makes possible the
development of universal equipment with common software, differing only as to the
specific measuring blocks. The controllers have usually standard modules such as Ana-
log-to-digital-converter (ADC), Digital-to-analog converter (DAC), timer, digital inputs
and outputs, etc.

The purpose of the present work is to develop an automated system for determi-
ning the transport parameters of semiconductor materials on the basis of the 19”
eurobus cassette, developed in the Scientific Equipment Company.

2. Description of the system

On the basis of the module 19" eurobus cassette a system is developed for auto-
mated measurement of the electric conductivity, the Hall and Zeebeck coefficients, the
transverse Nernst-Ettingshausen effect and the thermal conductivity coefficients of semi-
conductor materials and related quantities. Eed:

The guideline followed in developing such a system was maximum unification of
the input and measuring parts. This provided a possibility to attain a high level of
particularization of the measuring modules.

Figure | shows the experimental setup. It also displays the separate parts of
the system (equipment, hardware, etc.) and the stages for processing the information
and the functional links between them. ;

The system consists of a 19" eurobus cassette with built-in modules, commutator
block, measuring block and thermal control blocks.

The eurobus cassette comprises a feeding block, cassette block into which are built
in modules and a personal computer Pravets 8M, whose hardware was extended by a
programmable timer allowing the system to operate in real time, memory extension of
128 K, RS-232 interface for coupling the system to more powerful computers such as
IBM PC XT/AT.
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The universal commutator block provides the links between the separate parts of
the system and creates the conditions necessary for the measurements. It is controiled
by two built-in modules with 16 outputs each. It has an analog multiplexer for signals
at a low level which introduces a commutating error below 1 pV,
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Fig. 1. Experimental selup

When measuring the transport parameters related to the electric field, it is neces-
sary to pass through the sample a current known exactly. It is given by the 12 bit
DAC module and a voltage-to-current converter. The feeding of the current, its mea-
surement depend on the kind of samples (of low or high resistance). The polarity inver-
sion is governed by the computer.

When measuring the parameters related to the application of the temperature field,
it is desirable to create a constant temperature gradient [1]. By measuring the tempe-
rature difference on the samples and its regulation by a controllable heater, a preset
temperature gradient is maintained.

The magnetic field is changed smoothly using our digital thyristor rectifier divided
galvanically.

Through the commutator block, the voltages are applied to the measuring block
where they are converted from an analog into a digital form using the digital volt-
meter 1AB105 with a built-in amplifier.

The system contains also cryostats for determination of the Hall coefficients, ther-
moelectric power, transverse Nernst-Ettingshausen effect, the thermal conductivity [3]
and the conductance in the 77—450 K temperature range and measuring modules for
the 300-—1000 K temperature range [2].

Our controller for the IEEE-488 interface can be used to link the system with
other equipments operating with this standard.

Because of its large volume, the software of the system is overlay structured. It
is functionally divided into two parts. The first part governs the experiment, and the
second part processes the data obtained.

The governing of the -experiment includes: service programs, utility programs
used in tuning and servicing the system and governing programs for the experiment
itself. :

With the purpose of attaining maximal fast response and economy of operational
memory, the packet of service programs has been written in assembler. The programs
link the external modules and the software written in a higher level language (BASIC).
The pack is open and consists of the following programs:
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1. Program ASITEP. START to boot the system. It transfers the system diskette
in the operational memory of the computer.

2. Program ASITEP, VOLT. NEW servicing the block for analog-to-digital con-
version. It transfers the voltmeter readings in the computer memory and besides governs
the automated switch of the microvolt amplifier and the change in the measuring ran-
ges. This was made possible after the module and the digital voltmeter had their hard-
ware changed with the purpose of producing a microvoltmeter with an automatic choice
of the ranges.

3. Program ASITEP. RELETA services the two 16 terminal modules, governing
the commutator block and considerably facilitating the switching on and off of the
relays.

4. Program ASITEP. TIMER destined to govern the timer module. The program
determines the length of the measuring loop and the time intervals in it and ensures
operation of the system in real time.

5. In the unavoidable re-loading of the BASIC programs, caused by the overlay
structure of the software, the program ASITEP. MASIW-WR ensures the transfer of
data between programs.

6. The program ASITEP. RWTS. C automates the storage of the data and the
control of information transfer when documenting the measurements.

7. The program ASITEP. PRINT. M80-TEXT and ASITEP. GRAFIKA are used to
print the results with the Bulgarian dot matrix printer M8O0.

8. The program ASITEP. FILTER transfers the data and programs from the euro-
bus cassette to an IBM PC XT/AT computer.

The complexity of the system as well as the possibilities provided by the system
require the existence of a utility program pack. These programs facilitate the tuning
of the system and its servicing. This pack contains seven programs. Their link with
the main program of the system called ASITEP. DATA is given by the program
ASITEP. SER. These programs do the following jobs:

ASITEP. TOK calibrates the current source. ASITEP. MAGNIT calibrates the mag-
netic field. ASITEP. NAGREW calibrates the heater, creating the temperature gradient
on the samples. ASITEP. BIT searches for and determines the location of the infor-
mation on the connectors. ASITEP. RESIST calibrates the resistance over which the
drop of voltage is measured when determining the current passing through the sample.
ASITEP. TEST. RID tests the commutator block. ASITEP. CAP-12 tests the 12 bit
DAC modules.

After booting the system by the program ASITEP. START, the control is passed
over to the program ASITEP. HELLO. It clears the memory of the programs that are
not required further, loads the utility programs and passes control to the program
ASITEP. DATA.

The program ASITEP. DATA prepares the system for work. The data required for
carrying out the experiment, the sample parameters, data for the measuring block that
is linked to the commutator, data on the conditions under which the measurement will
be carried out and the temperature of the ambient will be controlled, are loaded in
the program. In this program it is poined out which quantity will be measured and
correspondingly the control is passed over to one of the programs with the common
name XX. ASITEP. The prefix XX implies that the following quantities are to be mea-
sured: AL-thermoelectric power [1], SV-electric conductivity by the van der Pau
method [4], SK-electric conductivity by the classical two-sonde method [1], UV-mobi-
lity, RH-Hall coefficient [8], QT-Nernst Ettingshausen coefficient [2] and KT-coefficient
of thermal conductivity [2,3]. Each of these programs should be given the required
number of measurements and the results from the measurement are saved on a mag-
netic disk. Each file contains also the service information for the measured sample.

The programs AL. ASITEP, KT. ASITEP and QT. ASITEP have a special module
controlling the thermal regulation.
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The processing of the experimental data is carried out in stages, the programs
being divided into three groups. ,

1. The first step in the data processing is to collect the data in a one-dimensional
array with the program ASITEP. MAS(S). (During the experiment, the results are
saved in separate files for higher safety). This group also comprises programs for sta-
tistical treatment — averaging (ASITEP. OBR), smoothing (ASITEP. IZGL) [5] of the
experimental data.

2. The group of programs for representing and documenting the data includes the
program ASITEP. PRINT treating the data in a text regime and the program ASITEP.
BIG. GRAF in graphical regime. The data and plots thus obtained can be printed.

3. The physical treatment of the results is done by three programs. Two of them
ASITEP. FER(AL) and ASITEP. FER (RH) calculate the Fermi level [6] from the Hall
and Zeebeck coefficients. Since this is connected with the numerical solution of an
integral equation, the subroutine requires large CPU time, due to which part of this
programs are compiled and new versions for more powerful computers such as IBM
PC XT/AT or compatibles have been developed.

The program ASITEP. SMETKI calculates theoretically different physical parame-
ters [7] connected with the experimentally measured quantities such as density of sta-
tes effective mass, theoretical concentration etc. [6]. This program can also be used to
test different physical hypotheses for the phenomena that take place in the studied
materials (for example, mechanism of electric charge and energy transfer, etc.).

3. Conclusions

1. Based on the 19" eurobus cassette, an automation system is created for mea-
suring the transport parameters: thermoelectric power, electric conductivity, Hall coef-
ficient, thermal conductivity, and the coefficient of transverse Nernst-Ettinghausen
effect.

2. The input and measuring parts of the system were unified thus providing a
possibility for a high-level specialization of the blocks that perform the measurements.

3. The system works in real time, which provides a possibility to create the best
conditions for carrying out the experiments and for studying the kinetics of the
processes.

4. There is unity in obtaining and processing of the incoming information.

5. The time for carrying out the experiments and for processing the resulting
data has been considerably shortened and the accuracy of the measurements enhanced.
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Cucrema jaas onpejeneHyds napamerpoB repeHoca
TIOJYIPOBOJHUKOBLIX MaTEPHaJOB

I". X. Xpucmaryouc, B. . Boiaues
(Peswowme)

Ha ocnoBe mojynproro mnpowmblniieHHoro Koutpomiepa MIIK-E cospgan kowmiexc
IJ151 aBTOMATHYECKOr0 H3MepeHHs 3JEeKTPOnpoBoaHocTH, Ko3dduuuentoB Xonna, 3eebexa,
nonepeunoro sddexra Heprcra-DTuHrcxaysena U Tena0NpPOBOAHOCTH MOJYTPOBOIHHKOBHIX
MaTepuajioB M JJS ONpEeJe/eHHS Psilla CBA3aHHBIX C HUMH BeJHYHH.

XapayspHasi 4acTb CHCTEMbI COCTOHT H3 MOJYJBHOTO IPOMBIIIJIEHHOTO KOHTpOJLIEpa
MIIK-E co BcTaBHBIMH MOAYJISIMH, KOMMYTAUHOHHOTO G/IOKa, H3MEDPUTeNbHOTo 0J0Ka H
6JI0KOB /11 NPOBEIEHUS] TeMIePaTypPHBIX H3MepeHHH.

Codryspnast uacThb CHCTeMH HMeeT OBEPJSHHYIO CTPYKTYpPy H H3-3a CBOEro
GonbiIoro obbema pasjesieHa Ha JBE 4YACTH: JAJsI YNPapJ€HHs SKCNEPHMEHTOM M AJd
06paboTKH TOJYYCHHBIX Pe3yJbTaToB.

Cucrema paGoraer peasibHOe BpeMsl U C YHHUPHUHPOBAHHOH BXOJHOH M H3MepHTE/b-
HOM 4acThI0, ITO CO3/laeT MAKCUMAJbHO XOPOILME YCAOBHS JJI5 IPOBEIeH S SKCIIePUMEHTOB.

CKaHUpYIOUMA TYHHEJbHBIH MHKPOCKOI

I1. P. Cmanros, C. H. Bacuaves*

Hucmumym aaexmponuru boazapckod axadesuu Hayx, 1784 Cogpus,
* Mocioseruii 2ocydapemeennoiii ynusepcumem, Mockea

B pa6ore omitcaHa KOHCTPYKIUsI BBICOKOCTAGHIBHOTO CKAHUPYOLIEr'0 Ty HHE/IbHOIO MHUKPOCKONA C MeXa-
HHYECKAM IIepeMellleHHeM HCCAeLyeMoro o0pasua K 30HUPYIOIIEMY 3MHTTepY, KOTOPHA 0061a1aeT pas-

pellenyeM IO HOPMATM K IVIOCKOCTH CkamupoBamnst 82=0,3 A u Bmons mnockocta {x, y} ~3—4 A.

Cosnanne ckanupyiowero tyaHeabHoro Mukpockona (CTM) mBeiiuapckuvu (usu-
kavd [. Bunaunrom u X. Popepom B 1982 r. [1] 00om0Xua0 0CHOBHI MUKPOCKOMHH
6OJIBIIOr0 KJacca MarepuaJoB ¢ aTOMHBIM paspelienuem [2—~8|.

B ocHoBy 3TOrO0 Meroja HCCIeNOBAHHS [OBEPXHOCTH TBEPAbIX TeJ, MO3BOJISIOLIETO
aHaMM3UPOBaTh €€ MHUKPOTONOrpaduio M JOKaAbHYIO IVIOTHOCTb 3JEKTPOHHBIX COCTORHHMI
B aTOMHBIX Macurtabax, MOJIOXKEHO ABJEHHE TYHHEJUMPOBAHUS 3JEKTPOHOB MEXJY HCCie-

AyeMOIi IOBEPXHOCTHIO ¥ MOABOJAUMONA K Hel Ha paccrofHun 2<<10 A 30HAHPYIOLIUM NPO-
BOJAILLMM SMHTTEPOM Majoro pajauyca. Beicokoe paspeuwrenne Mmerona (6z=<0,1 A Bnoas

HOPMAJIM K HCCJCLyeMOH MOBepXHOCTH H 2—3 A BJ0Jb OBEPXHOCTH) [AOCTHIAeTCs 3a
CUET 3IKCIOHEHLHAIbHOH 3aBHCHMOCTH TYHHEJNLHOTO ToKa [, OT Z:

(D L~(U.j2) exp (—A9'" 2),

snech A=1,025 (eV)~12A-1; ¢ — cpennsis BeicoTa Gapbepa Han yposHem Pepmu 3To-
ro 5/]eKTPOJa C y4eToM CuJu3o6paenus; {/, — pasHOCTb MOTEHUHANOB HAa 3MEKTPOjJax
(eU:<¢); 2 — wmmpuna Gapbepa NpH 3HEPrud, oTBevamouledl yposHw Pepmu s1ekTpo-
10B, HAXOASLIEroCs IO OTPHLATE/bHBIM HOTEHIHANOM. '

B pa6ore ormucana HoBas xoHcTpykuus BeicokoctabuabHoro CTM ¢ MexaHuueckum
nepeMellenneM UCcaesyemMoro obpasia K 30HAHPYIOLIEMY SMUTTepy, KOTOPBI# obaafaer
paspeuieHydeM 110 HOpMaJd K IIJIOCKOCTH CKaHHDOBAaHHS Bz_<_0,3 A H BJOJIb IIJIOCKOCTH

.

Bulg. J. Phys. 16 (1989), 3 349



