Chapter 1

Introductlon

1.1 Introduc'? %

Our everyday li

products such as televisi

pound materials havegterest :

as hig-ﬂ:arrier mobility, low power
consumption and high operational frequengys They play important roles in the re-
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the molecular beam epitaxy allows#he multilayerssemiconductorg.to be fabricated
with ha; wulrlcan\alﬂtﬁlm uimmfll)’l n&j f] aOEJApphcatlons
of senuconductor devices have been expanded by this new growth technique. The
superlattice and modulation doping techniques are employed in order to improve
electronic properties of devices via quantum wells. Electrical carriers which trans-
port in quantum wells are considered as a two-dimensional carrier gas with high

mobility especially at low temperatures. Examples of these advanced devices are
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Figure 1.1: The modulétiod-d Si - /51 heterostructure contains 2DHG and
a parallel conduction (affer ga Dol 0 0) \
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heterojunction bipolar t#ns tors*@,B’w 's) and mod lation doped field effect tran-
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sistors (MODFETs).
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To design e’l,:e}ctrlcal d‘é\'fl"r are carrier concentration

and mobility. The V__ n the electri " nsport in the interested ma-
terial. The standard I}ijtho ’ eriza@n is a Hall measurement at
single low-magnetic ﬁel(kw h a simple mo del of electrical transport. This technique

is generally uﬁ Eud%jt @t% %@ w@ qtﬂaﬁ mobility and carrier

concentration. ﬁowever, this technique can onlyﬁe used to obtain net carrier con-
centra@nw %caeﬁﬁlﬁwe Nc%}an’%ew Br@@dg have parallel
conductién. The‘ parallel conduction means that there is more than one conduction
path within the material. Considering a diagram of modulation doped p-Si;_,Ge, /Si
in Fig. 1.1, there are a carrier group transports in a bulk boron-doped layer and
another group in the quantum well at the interface between Si and Si;_,Ge, layers.
Those carrier groups have different mobilities. In this thesis, a carrier group that

has a certain type of carrier and mobility is called a carrier species. Different carrier



species fespond to the magnetic field differently. As a result, the resistivity and Hall
coefficient are varied with a magnetic field strength. To characterize these devices,
the Ha.li measurement is performed at varying values of magnetic fields. Next, the
pre-assumption about the number of species within a material is required. By fitting
the required parameters to Hall data;

are estimated. This techniq w
al. (1989)]. However, usin 7
to a wrong solution. ic _ %of resistivity and Hall data

obility and concentration of each species

rrier fitting technique [Colvard et

ith a misassumption may lead

The mobility spe a calculation ‘echmque that the conduc-
tivity is described in mobility. It does not require
an initial guess of the n f garr: s non-destructive technique was
firstly developed by Beck ancf s It has been applied to a various
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number of semicongctor m’é,t‘é'r'réi'é:' The" ent of mobility spectrum with

.

Lbellast 15 years in order to
overcome the restrictigl and : culatio@accuracy such as the itera-
tive method [Dziuba and Gorska (1992)], Quentitative Mobility Spectrum Analysis

(QMSA) Anﬂzukﬂ 'a w@)ﬂg %ﬂﬂtﬂt‘i Mobility Spectrum

Analysis (1-QM¥A) [Vurgaftman eff al. (1998)]zand MaximumsBntropy Mobility
soectia Pl ) Wb a1 bada] Hhedd ot these mo-
bility spactrum approaches are described in Chapter 3. However, the efficiency of
mobility spectrum calculation is limited by the apparatus such as the maximum
value of magnetic field strength and the level of experimental noise. The mobil-
ity spectrum is sensitive to the noise imposed on experimental data [Kiatgamolchai
(2000)], and it usually leads to the misinterpretation of solution. Fig. 1.2 illustrates
the mobility spectrum obtained from QMSA and ME-MSA for synthetic data sets
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Figurell.2: The QMSA and MEMS spectra of synthetic data sets for two carrier species

(m=1x10" cm?, H11=2,000 csz"s", n=1x10" cm?, 1=6,000 csz'ls'l) subject to
various errors in py, and Ry (after Kiatgamolchai (2000)).
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with different error levels. At high level of noise, the represented peaks in spectra
“do not correspond to the carrier configuration in data. Unfortunately, all existing
mobility spectrumAtechniques do not provide an error bound of the solution. Thus
the effect of noise in the data is hard to study directly through these calculation

techniques.

This thesis is t of the experimental noise
in the data to the mo his purpose, a new calcula-
tion technique for mo eloped based on the Bayesian
statistics and maximum technique, the experimental
noise is studied by a statisti though there are many types of
noise in measurement, we random noise; specifically, the
voltage measurements. In addlvﬁﬁf alysis will help analyze the obtained
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mobility spectrum vgﬁh more confidence.

1.3 The strlE:ture
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of the magneto&'nductwlty tensor ag a theoretical.anodel of mobility spectrum prob-
lem anﬂs W g%cﬁd&xﬂ %aéﬂgd w:a QC%%J ’]@.\rﬂer of existing
moblhty%pectrum techniques is described in details. Their usefulness and prob-
lems are discussed. Chapter 4 presents Bayes’ theorem and information entropy
as necessary tools which are used to develop the new mobility spectrum calcula-
tion technique. The formulation of a new technique based on Bayesian statistics
and maximum entropy principle is presented. The calculation algorithm is also de-

scribed with the demonstration on synthetic data. Chapter 5 is divided into three
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sections. The first section shows the result of synthetic data under various error
conditions in order to test the efficiency of this method. Next section, comparison
between the result of an experimental data obtained from our new method and from

the maximum-entropy mobility spectrum method are considered. The error analysis

is discussed in the third section. aclusions and suggestions are in Chapter 6.
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