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The electron projector has been designed for observation of . electron

emission pattern from MIM tunnel planar cathodes,  and measuréments‘ot théir

electronical properties in-situ. Since the performance of the MIM cathodes can
be influenced bv various kinds of 1mpur1t1es, the ultra-high vacuum‘construc—

tion with oil-free pumps was used

1.Introduction

The forming processes in MIM sandwich structures limit their lifetime,
especially if such a structure is to be used as a carrier of pattern informa-
tion., These processes are undesirable for an electron 1mag1ng system {Delonyg
‘and Kolarik 1989, Hladil et al. 1991).

" To improve the preparation technolbgy it is necessary to study these
processes by means of a combination of some kind _of spectroscopy with emlsslon
pattern observation (Drsticka and Pavelka 199@, Pavelka et al. 1991).

The electron projector is 'des1gned for this purpose. It facilitates
electron emission pattern observation, measuremwent of C-V characteristics, im-
pedanpe analysis, and other In-situ measurements up to 13 MHz within the
cathode temperature range 77 to SOO'K, and at the pressure down to 6 x. 10-t°®

Torr 1n-situ.

2.Description

The emission pattern is imaged onto a scintillation screen using

homogeneous parallel electric and magnetic fields. The relation between the

distance of the image plane from the cathode d, the accelerating voltage U

across the distance, and the magnetic flux density B is as follows:




2 e U
dz=
e B2
where me is the electron mass, e is the elementary charge.
The basic values of these quantities chosen in thé projector are: -
d =12 mm, U=5KkV, B=20.063T. .
--————-—The projector body, with the _scintillation screen, and the viewport, the
cryostat'sample holder, the vacuum system, and the frame form a compact desk-
top unit. The arrangement is shown in Fig.1. -

-The group of power supplies, andithe Devar vessel with the'feedii§£é for
the cryostat sample holder are assembled separaﬁely. The supplies 'éf;' used
for: the accelerating voltage, the tunneling current through the MIM cathode,
the current for magnetic field excitation, ~ the voltage for the sputter-ion
pump, and the heating jackets for degassing process. '_

The heart of the projector is a flat cylinder chamber. It is made of
stainless steel, except of two tubes which are made of magnetically soft
stainless steel - permalloy - and serve as parts of magnetic polepieces.

Near one of the Permalloy tubes, in a distance of 6 mm off the main sym-
metry plane, there 1is a scintillation screen holder. The voltage of 5 kV
necessary for a scintillation image observation is connected to the holder via
a feedthrough placed on one of the side flanges. The image is observable via
the viewport on the flange contiquous with the screen holder. A monocrystal-
line ytrium-aluminum garnet (YAG) plate serves as scintillation screen.

There are two coils and iron plates put on the chamber. The arrangement
facilitates an easy removal of the coils during the dégassing of the ap-
paratus. The coil together with the iron (behanit) nickel-coated plate and
mantle forms a compact block. The iron plates together with the permalloy
tubes form magnetic polepieces.

The body of the LNz flow cryostat is terminated in a head,  which is
equipped for a placement of the cathode. From four coaxial feedthroughs with
floating shields (SMC type) lead the measurement terminals. The cryostat is
connected to the projector body by means of an extension piece. The cryostat
ig connected to an LN2 container by means of a feed pipe, to a pump control-
ling the flow of the coolant, and to a controller for an adjustment of the
temperature of the cryostat head with the cathode.

The cryostat consists of two heat exchangers, the first heat exchanger
(the head) carrying a sapphire plate on which the cathode can be placed (max.
diam. 22 mm), and the 2nd heat exchanger serving for the compensation of heat-
ing of measuring terminals.
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The pumping system consists of two rough vacuum vadsorption pumps,f'two
angle vaives,A a bakable'"T" valve, a venting valve, a Pirani gauge,i an,i0h
géuge, and a sputtef—ion pump. ' ' '

The projector has been manufactured by Delong Instruments. .

The first measurements using this equipment have beén made in Institute
 of Mathematics and Physics, Roskilde University Center, Denmark (Olsen‘et al.

1991).
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Fig. 1. Scheme of the electron projector

Running headline: Electron projector.
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M-I-M cathodes, their application to electron lithography

and characteristics of the emitted electrons
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This paper gives a brief account of the possibility of
applying MIM (metal-insulator-metal) cathodes to projection
electron lithography (a 1:1 scale), and also a description
of the measurement of the energy distribution and angular
distribution characteristics of the electrons emitted from

MIM cathodes.

1. Introduction

For the envisaged application of MIM cathodes in 1:1 electron
-projection lithography /l1/ it is necessary to measure parameters
SO0 as to enable an objective evaluation of the properties and

the technology of preparation of MIM structures.



2. Working principle

Fig. 1 shows schematically a MIM tunﬁel cathode during
exposure in an electron-=projection lithograph. On an Si
substrate of 50 mm in diametgr with an SiO2 insulation layer
there is a sandwich made p§ of layeré of Al, A1203, Au.
Current Id is set to such a value that in areas where the
A1203 layer is 11 nm thick there is a tunnel currest flowing,
whose density is up to 100 mA/cmz. In consequence of the steep
dependen;e of emission current I, on the field stréngﬁh in
the dielectric, (Fig. 2) emission from areas with thicker
(18 nm) dielectric is practically zero. Obtaining a high
degree of contrast and crgéting submicron structures on areas

of up to 10 cm?

of tﬁe MIM,cathodelislno longer a technological
problem. |

The emission current has a density of about 100/uA/cm2.
The electrons emitted from the MIM cathode are accelerated
and focussed by hoﬁogeneous parallel electric and magnetic

fields on the surface of exposed wafer. In this arrangement

we obtain a 1 : 1 projection from the cathode surface onto the

2

wafer. The exposure time for an area of up to 10 cm® is about

0.1 s.



3. Reéults of measuring the characteristics of tunnel MIM

._ cathodes A .

The volt—-ampere, emission and energy characteristics

were measured in an éiectron'projection stepper /1/ as shown

in Fig. 1, with the difference that the wafer was replaced by

a flat carbon anode and the cathode-to-anode distance was
reduced to 1 mm. Measuring Ugr Id' U,r Igs I, was controlled
from a HP 2486A measuring central. The size of the emission
area of the MIM cathode was 2.25 cmZ.

Fig. 2 gives a typical volt-ampere characteristic of an
MIM cathode, where Ud is the voltage between the aluminium
énd the gold layers, Id is the current flowing through the
dielectric laye;, and Ie is the emission current. The steepness
of the characteristics is somewhat reduced due to the resistance
of the gold surface layer. The energy distribution of emitted
electrons was measured for I, =10 or 100 mA, whicﬁ corresponds
to a current éensity of 4.44 and 44.4 mA/cm2 respectively.
By differentiating the anode cdffeﬁt measured with réspect to
anodé voltage we obtained a dIa/dUa curve characterizing the
energy distribution of the electrons emitted. The width of
energy spectrﬁm at half the heighf is 0.66 eV for Id = 10 ma -
and 0.85 ev for Ig = 100 mA. The shift in U, and the reduced
slope of the dIa/dUa curve, which are apparent especially for
larger Id' are due to the voltage drop in the surface gold
layer, whose resistance per square is about 25 ohms. When

processing the measurement results a correction of 0.35 V was

included which was given by the difference in the work functions



of the Au surface of the cathode (4.7l.eV) and the carbon .
anode’(4.36 eV). There is good agreement between the'values
measured and theoretical conclusions /2/.

To determine the angular distribution'characteristiCS
a line motive was creaeed"dn the MIM‘eathode surface by means
of an electron lithograph.vThe motive was made‘up of lZ{lines
5 jum thick, see Fig. 5b. Instead of the wafer from the set-up
in Fig. 1 a monocrystalline YAG-Ce screen. An optical sysﬁem
was used to.obserVe and photograph the image formedvby electrqns
on the YAG-Ce screen. The distance between the cathode.and
the screen surface was increased to 15 mm, voltege Ua wes 5 kv.
?he upper part of Fig. 5b shows the picture of t@e line motive
in focussed condition with magﬁetic field B. The middle part
of the Figure gives the same motive but in not focussedchndition;
when the magnetic field is off and electrons which are not |
perpendicular to the cathode move along parabolic trejectories,
as can be seen in Fig. Sa.'From the optically ﬁeasured widening
of the lines it follows that the‘tangential components acquire
values of up to 0.68 eV, which value is higher than anticipated
on the basis of the theory and the resolution observed in an
emission electron microscope /3/. This disagreement can be
attributed especially to the unevenness of the vacuum-deposited

Al layer , which is also copied by Alzo layer, or to the

3
interactions of the electrons in the Au layer. It will be
necessary to repeat the measurement with smooth layers formed

‘e.g. by epitaxy technology. To measure exactly the current flow

in the defocussed line motive we prepare a sliding slot probe.
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4. Conclusions

Cold tunnel MIM cathodes have several good properties

which offer a wide range of application in projection elec=
tron iithography. Their adVantages are: iarge working areas,
emiﬁzihg at room temperature, high-degggé1of,contrast, good
resolution and, above all, no need fof ;ny costly attachment,
such as a synchrotron or soft X ray laser.

The above measuréments of energy distr}bution of emitted
electrons and tangential components will be used as input

data for the calculation of the resolution power of electron

lithographic systems with MIM cathodes.
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ELECTRICAL PROPERTIES AND EMISSION PATTERN FROM' Al-Al,0;-Au

METAL-INSULATOR-METAL TUNNEL CATHODES.
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Abstract:

The electrical properties and the emission pattern from Al-
Al,0;-Au Metal-Insulator-Metal (MIM) sandwich structures
have been investigated. Under certain conditions the MIMs
exhibit Negative Differential Resistance (NDR), in which

case the electron emission is non-homogeneocus.



1. Introduction

Al-Al,0;-Au Metal-Insulator—Metél (MIM) tunnel cathodes are to be
used in the new generation of multibeam electron lithographers as
1:1 projection electron éteppers (Delong and Kolarik 1989). The
main advantages are high electron emission dénsity, submicron
resolution of the 1:1 projectioh and the possibility 6f parallel

rather than sequential exposure.

The main problem is the lifetime of the cathode, i.e. the time in
which the electron emission is homogeneous. The non-homogeneous
emission from a distroyed cathode will be seen as spotty sparks
on a homogeneous background. Observation by optical microscope
shows pinholes 1in the surface and transmission electron
microscopy reveals holes in the Al,0, layer (up to 600 ﬁm)

(Drsticka and Pavelka 1990).

2. Results

The MIMs have been studied in an electron projector where the
emission pattern from a MIM cathode held at the tip of a liq.
nitrogen flow cryostat can be observed by means of an Ytrium-
&Aluminium-Garnet scintillator by accelerating the emitted
@lectrons and projecting the emitting surface (1:1 projection in
barallel electric and magnetic fields) on the surface of the

cintillator (Drsticka et al. 1991).

Fovious observations and study of electron emission have been
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pérformed at and above the room temperature, and a non-
homogeneous emitting cathode exhibits in this case a region of
Voltage-Controlled Negative Resistance (VCNR) in the I-U
characteristics, where I is the current between the electrodes

“~—and U is the external applied voltage. L R

Two kinds of non-homogenities in the electron emission have been
observed; stable ééots of higher iﬁtehsity, caused probably by
defects 1in production, and unstable (subsecond) temperature
‘dependent sparks which begin when the VCNR peak starts to rise
and which are visible only within the VCNR regién. The number of
stable spots of higher intensity changes from sample to sample

and some haven’t ahy at all.

If there 1is no region of VCNR, the electron emission will be
homogeneous (apart from possible stable defects).  The non-
homogeneous emission must be therefore connected with the

phenomena of Negative Differentiel Resistance (NDR).

It is possible to repeat the temperature and VCNR cycles several
times using the same MIM, thereby changing the electron emission
pattefn from being more homogeneous to non-homogeneous and back.
The pinholes in the surface and the holes in the insulator layer,
created presumably in the state of non-homogeneous emission, are
however believed to be still present, even though the MIM is

emitting homogeneuosly on an optical length scale.
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3. Conclusion
Although the nature of the NDR behavior has been discussed in the
litterature (e.g. Pagnia and Sotnik 1988) its nature has still to

be considered as unknown at present.

The preparation technology of the MIMs (Drsticka and Pavelka
1990) are believed to cause the stable defects and steps are
taken to exchange it by molecular beam epitaxial growth of the

MIM- layers.

The connection between non-homogeneuos electron emission and the
existance of NDR has been confirmed} but the nature of NDR is not
yet understood. Electron emission pattern shbuld be observed at
higher resolution, and other preparation technologies should be
tried in order to prevent NDR and eQentual distruction of the

cathodes.
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M-I-M tunnel cathodes for the 1:1 electron stepper -
technology of preparation and structure description.

P. Pavelka*, A. Delong*, M. Drsticka*, K. Hladil*,
V. Kolarik*,
F. Olsent, P. Viscor

* Institute of Scientific Instruments,
Czechoslovak Academy of Sciences,
Krélovopolské 147, 612 64 Brno, Czechoslovakia
IMFUFA, Roskilde Universitetscenter,
Postbox 260, DK-409@ Roskilde, Denmark

A metal-insulator-metal tunnel structures have been wused
for an image generation in the 1:1 electron stepper. The .condi-
tions of performance of such a cathode place high demands on
physical propefties of all the components of the system. The
Al-Alz0: -Au sandwich has proved to be the most simple and reli-
able. The properties of the system are strbngly affected by the
technology of preparation of the 1lavers. To improve the
prepafation technology, different deposition techniques weré
used for the system creation and the processes going on in the
cathode during operation have been analyzed.

K

1. INTRODUCTION

To find a productive lithographic system which is able to
create submicron structures (0.2 u) on a chip of a large size
(3@ x 32 mm) at a reasonable price, that's one of the main
tasks in the microfabrication at present. The 1:1 electron
stepper (Delong and Kolarik 1989) appears to be a very promis-
ing projection system which could be able to satisfy the
cdemands mentioned above. In spite of many advantages of the
system, the main problem which hasn't been satisfactorily
solved, is relatively short lifetime and low reproducibility of
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preparation of the MIM tunnel cathode which has been used in
this device.

2. DISCUSSION

bifferent, materialsf'deposited by means of different
methods were used for the MIM structure creation. Evaporated
Ta/anodic Taz0s /evap. Au; and similarly Zr/ZrzOg/AQ systems
doesn't show appropriate tunneling charatteyistics, the oxides
behave more like semiconductors, they seem to be contamined by
oxides of W or Mo (Ta, Z2r evaporated from W or Mo boat). In the
sandwich of Si single-crystal/anodic Si0O: /evap. Au the work
function from Si to $i0: is relatively high (3.2 eV), and
stronger electric field which has to be put on the cathode (to
obtain sufficient emission current) causes the structure
destruction in short time. '

Concerning the lifetime, the best results have been ob-
tained with the combination of evaporated Al, anodic Al:0s and
evaporated Au, prepared on Si0O;/Si substrate. This system is
able to producé an electron image with sufficient emission cur-
rent density for approx. 1-2 hours continuously. After this
time the cathode resistance decreases, the emission current
drops' down, a point emission (sparks) appears in the emitting
area, and finally the emission from this area disappears.

It has been shown (Olsen et al. 1992) the  undesirable
point emission is a phenomenon accompanying electroforming
processes going on in the <cdielectric 1layer (Drgtiéka and
Pavelka 199@.' Pagnia and Sotnik 1988). Hydrocarbons, incor-
porated into the insulator probably during the structure
preparation, create conductive filaments across this laver.
During the operation of the cathode the filaments break and it
can result in the point emission effect. This process is sup-
posed to go on in places where some point defects, in-
homogeneities or impurities occur in the sandwich. In such a
place higher gradient of the electric field occurs, and then
strong local diffusion of ions can cause a dielectric breakdouwn
or conditions for filament creation.
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The Al/Alz20:/Au sandwich isn't completely smooth and
planar «issesss. The Al surface is rough, formed by lﬁicrocrys-
tals and anodic Al:0s is copving the surface profile, for-
tunately with wuniform thickness (Kienzer et al. 1987). Par-
tiaily coalesced Au islands create the upper layer. Such an ar-
rangement is not ideal, the grain boundaries can happen poten-
tial sources of breakdown or filament creation.

3. CONCLUSION

The improvement of the properties of the MIM tunnel
cathode (lifetime, reproducibility) requires further research.
It will be necessarv to apply other materials or deposition
methods. Using materials in the single-crystal form, smooth and'
homogeneous MIM structure without inhomogeneities could be ob-
tained. It might prevent 'the occurrence of the undesirable
phenomena which result in the cathode destruction.
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ELECTRICAL IMPEDANCE SPECTROSCOPY AND ELECTRICAL RESPONSE IN
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Abstract

A new analysis of the electrical response of a macroscopic
solid state system to an arbiﬁ;ary electrical voltage input 1is
presented. The results indicate that with a small, sinusoidal
voltage input within the classical frequency range (uJ<\O“’Hz),
the electrical response in spatially homogeneous systems mirrors
first of all the static, spatial distribution of the mobile charge
carrier density through the local electrical conductivity relaxa-
tion time. This enables any system,inclusive interface and
electrical contact regions to be modelled by a simple, passive
R,C electrical network,where each of the network elements has a
very direct physical meaning. Ultra pure, single crystal silicon,
pure polycrystalline silicon and Al—Alzqs—Au Metal-Insulator-Metal

(MIM) structure are used as illustrative examples.
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1. Electrical response at classical fregquencies

Mathematical formulation.

The macroscopic electrical response of a medium (charac-
terised by a dielectric constant £ and the electrical mob-
ility/u ) at classical frequencies is described fully by

classical electrodynamics (two Maxwell equations),

the constitutive equation deflnlnq the total local current,

the initial condition for the mobile charge carrier density

distribution and by
the boundary condition defining the charge transport across the

boundaries. Under these conditions the dielectric constant & and
the electric mobility'/ﬂ. of the mobile electrical charges can be

both considered as space-time independent constants.

In one dimension and when both types of the mobile charge
carriers (electrons and holes) contribute to the transport,the
defining equations can be re-cast into a set of two, coupled,
non-linear parabolic equations for each type of the mobile charge

carrier particle density:

’Dmecx,f) DE (x,2) Dmeliit) KT Dot
me (14). LE T E(f e e &)
//% € 92X /ﬂ ) X 7 el Dx*

(1)

0 Mg (x2) DE(x,£) O, (xit) o (i)
2L - 17 (%f _— £= 2 K ¢ kU “om
S e Gt 5 pr B lt) SE L L 2

where

5{‘” Ejlx/é) = P[Xl-t) /é (2)
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Here A, and//{¢rare the electrical mobilities of the res-
pective charge types and &€ is the dielectric constant.
ng(x,t), ng(x,t), E?cc,t) and G’(x,t) are the particle densities
of the respective mobile charge carriers, the local electrical

field and the local, total charge density respectively.

2. Results

2.1. Dvnémical solution.

Equations (1) and (2), together with the appropriate initial
and boundary conditions for n_(x,t) and ng(x,t) then determine
the space-time evolution of these mobile charge carrier densities
and therefore determine also the electrical current response to a
given applied voltage input,thereby defining the electrical

impedance of the system.

2.2. Long time,static limit.

For times t >»> 0 and with no external applied field, the set
of equations (1) and (2) leads to the formation of the mobile
charge carrier depleted regions near the surfaces if the boundary
condition reflects the finite difference in the electro-chemical
potential across the boundary at time t = 0. In this case the
space-time evolution of nejx,t) and be(x,t) will approach the
equilibrium, time independent distributions as the time goes to
"infinity" t-» @© . These distributions are also the solutions to
a static Poisson equation (equation (2)) to which the problem
reduces in this long time, static limit.

2.3. Small signal approximation and the static R,C network
solution to the problem of the electric response.

One of the major results of the present dynamical analysis
of the electrical response in solids is concerned with a small
signal approximation. When the external applied voltage is suffi-
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ciently small ( e.%::X Jad kTX, the equilibrium, spatially |
non-homogeneous distribution of' the mobile charge carrier
densities will not be disturbed by the applied external field and
it can be shown that the electrical response of the entiré systemn
under these conditions is identical to a response from simple,
parallel R,C electrical elements, conneéted in series.

Cohtfary to tpe usual passive R,C network models of various
junctions, interfaces aﬁd semiconductor-insulator-metal
structures, the electrical -elements in the present static R,C
network have a very direct physical meaning and are all
interrelated.

| According to the result of the present analysis, the sample
is simply devided into a number of volume elements (the actual
number dependinig on the required precission with which the
electrical response is required), each volume element V, being
characterised by its electrical resistance R,(in-phase component
of the response; dissipation of energy through finite mobility )
and by its geometrical capacitance Cin(out—off phase component of
the response; non-dissipative polarisation through finite
dielectric constant £ ). ' 4

The total electrical impedance of the system 57&;) is then
the sum of the impedances of the individual volume elements and it
becomes frequency dependent when the local electrical conductivity
relaxation times among the respective volume elements differ. The'

presented static R,C network anélysis of the electrical response

has been remarkably successfull when applied to three different
cases that have been investigated in some detail.

The static R,C networks representing the electrical response
of the ultra pure single crystal silicon and Ai-Alzqs—Au MIM

electron planar emitter are shown in Fig.1l and Fig.2 respectively.
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FIGURE CAPTIONS

Fig.1.

Static R,C network representing the electrical response

of ultra pure single crystal silicon.

Rp - electrical resistance of the bulk region

Cg - geometrical capacitance of the' bulk region

Ry - total electrical resistance of the depletion region
Cp - geometrical capacitance of the depletion region

- quantum mechanical tunnelling "resistance" of the
11.4 & thick Si0, oxide barrier
- geometrical capacitance of 11.2 & thick sio,

tunnelling barrier

Static R,C network representing'the electrical response
of the Al—A1203-Au MIM planar electron emitter structure

r - electrical resistance of the top thin metal
electrode (Au) volume elements

c - geometrical capacitance of the top thin metal
electrode volume elements

C - geometrical capacitance of the Al,0, oxide tun-
nelling barrier volume elements

R - electrical resistance representing the electrical
transport through the Al 3 oxide layer volume

elements
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110/85"PLANNING FOR SECURITY".
Af: Bent Sgrensen

111/85 JORCEN RUNDT PA FLADE KORT'".
Projektrapport af: Birgit Andresen, Beatriz Quinones
og Jimmy Staal.
Vejleder: Mogens Niss.

112/85 "VIIENSKABELIGGPRELSE AF DANSK TEKNOLOGISK INNOVATION
FREM TIL 1950 ~ BELYST VED EKSEMPLER".
Projektrarmort af: Erik Odgaard Gade, Hans Hedal,
Frank C. Ludvigsen, Annette Post Nielsen og Finn
Physant.
Vejleder: Claus Bryld og Bent C. Jgrgensen.

113/85 "DESUSPENSICON OF SPLITTING ELLIPTIC SYMBOLS 11".
Af: Bernhelm Booss og Krzysztof Wojciechowski.

114/85 "ANVENDELSE AF GRAFISKE METODER TIL ANALYSE
AF KONTIGENSTABELIER".
Projektraprort af: Ione Biilmann, Ole R. Jensen
0g Arne-Lise von Moos.
VEJIeder- Jsrgen Larsen.
115/85 "MATEMATIKKENS UDVIKLING OP TIL RENESSANCEN".
Af: Mogens Niss.
116/85 "A PHENOMENOLOGICAL MODEL FOR THE MEYER-
NELDEL RULE”.
2Af: Jeppe C. Dyre.

"KRAFT & FJERNVARMECOPTIMERING"
Ef: Jacob Mprch Pedersen.
Vejleder: Bent Sgrensen

117/85

118/85 TILFELDIGHEDEN OG N@DVENDIGHEDEN IFULGE
PEIRCE OG FYSIKKEN".
af: Peder Voetmann Christiansen

119/86 "DET ER GANSKE VIST - - EUKLIDS FEMTE POSTULAT
KUNNE NOK SKABE RPRE I ANDEDAMMEN",
Af: Iben Maj Christiansen
Vejleder: Mogens Niss.

130/86

131/86

132/86

133/86

134/87

135/87

136/87

137/87

"ET ANTAL STATISTISKE STANDARDMODELLER".
Af: Jgrgen Larsen

"SIMULATION I KONTINUERT TID".
Af: Peder Voetmann Christiansen.

“ON THE MBCHANISM OF GLASS IONIC CONDUCTIVITY".
Af: Jeppe C. Dyre.

"GYM\]ASIE.FYSIIG(B\I OC [EN STORE VERCEN".
Fysiklererforeningen, IMFUFA, RUC.

"OPGAVESAMLING I MATEMATIK".
Samtlige opgaver stillet i tiden 1974-jan. 1986.

“UVBY,? ~ systemet - en effektiv fotometrisk spektral-
Klassitikation af B~,A- og F-stjerner".
Projektrapport af: Birger Lundgren.

"OM UDVIKLINGEN AF DEN SPECIELLE RELATIVITETSTEORI".
rojektrapoort af: Lise Odgaard & Linda Szkotak Jensen
Vejledere: Karin Beyer & Stig Andur Pedersen.

"GALOIS' BIDRAG TIL UDVIILINGEN AF DFN ABSTRAKTE
ALGEBRA" .

Projektrapport af: Pernille Sand, leine Larsen &
Lars Frandsen.

Vejleder: Mogens Niss.

"SMAKRYB" - am ikke-standard analyse.
Projektrapport af: Niels Jergensen & Mikael Klintorp.
Vejleder: Jeppe Dyre.

Lecture Notes 1983 (1986)
Af: Bent Sdgrensen

"Studies in Wind Power"
Af: Bent Serensen

"FYSIK OG SAMFUND" - Et integreret fysik/historie-
projekt om naturanskuelsens historiske udvikling
og dens samfundsmassige betingethed.
Projektrapport af: Jakob Heckscher,
Andy Wiered.

Vejledere: Jens Heyrup, Jergen Vogelius,
Jens Hejgaard Jensen.

Soren Brond,

"FYSIK OG DANNELSE"
Projektrapport af:
Vejledere: Karin Beyer,

Seren Brend, Ahdy Wierod.
Jorgen Vogelius.

"CHERNOBYL ACCIDENT: ASSESSING THE DATA.
ENERGY SERIES NO. 15.
AF: Bent Sorensen.

"THE D.C. AND THE A.C. ELBECTRICAL TRANSPORT IN AsSeTe SYSTEM
Authors: M.B.El-Den, N.B.Olsen, Ib Hpst Pedersen,
Petr Vistor

"INTUITIONISTISK MATEMATIKS METODER OG ERKENDELSES-
TEORETISKE FORUDSEININGER"

MASTEMATIKSPECIALE: Claus Larsen
Vejledere: Anton Jensen og Stig Andur Pedersen

"Mystisk og naturlig filosofi: En skitse af krlstendannens
forste og andet mode med graesk filosofi"

Projektrapport af Frank Colding Ludvigsen

Vejledere: Historie: Ib Thiersen
. Fysik: Jens Hejgaard Jensen

"HOPMODELLER FOR ELEKTRISK LEDNING I UORDNED.E
FASTE STOFFER" - Resume af licentiatafhandling

Af: Jeppe Dyre

vejledere: Niels Boye Olsen vg
Peder Voetmann Christiansen.



138/87 "JOSEPHSON EFFECT AND CIRCLE MAP."

Paper presented at The International ,
Workshop on Teaching Nonlinear Phenomena

at Universities and Schools, “Chaos in
Education". Balaton, Hungary, 26 April-2 May 1987.

By: Peder Voetmann Christiansen

13 987 "Machbarkeit nichtbeherrschbarer Technik
durch Fortschritte in der Erkennbarkeit
der Natur"

Af: Bernhelm Booss-Bavnbek
"7 Martin Bohle-Carbonell

140/87 "ON THE TOPOLOGY OF SPACES OF HOLOMORPHIC MAPS"

éy: Jenerravesenr

141/87 "RADICMETERS UDVIKLING AF BLODGASAPPARATUR -
ET TEKNOLOGIHISTORISK PROJEKT"
Projektrapport af Finn C. Physant
Vejleder: Ib Thiersen

142/87 "The Calderdn Projektor for Operators With
Splitting Elliptic Symbols"

by: Bernhelm Booss-Bavnbek og
Krzysztof P. Wojciechowski

143/87 "Kursusmateriale til Matematik pd NAT-BAS"

af: Mogens Brun Heefelt

144/87 "Context and Non~Locality - A Peircean Approach

Paper presented at the Symposium on the
Foundations of Modern Physics The Copenhagen
Interpretation 60 Years after the Camo Lecture.
Joensuu, Finland, 6 - 8 august 1987.

By: Peder Voetmann Christiansen

145/87 “AIMS AND SCOPE OF APPLICATIONS AND
MODELLING IN MATHEMATICS CURRICULA"

Manuscript of a plenary lecture delivered at
ICMIA 3, Kassel, FRG 8.-11.9.1987

By: Mogens Niss

146/87 "BESTEMMELSE AF BULKRESISTIVITETEN I SILICIUM"
- en ny frekvensbaseret milemetode.
Fysikspeciale af Jan Vedde
Vejledere: Niels Boye Olsen & Petr ViSdor

147/87 "Rapport om BIS pd NAT-BAS"
redigeret af: Mogens Brun Heefelt

148/87 "Naturvidenskabsundervisning med
Samfundsperspektiv”

af: Peter Colding-Jergensen DLH
Albert Chr. Paulsen
149/87 "In-Situ Measurements of the density of amorphous
germanium prepared in ultra high vacuum"
by: Petr Vi3&or
150/87 “"Structure and the Existence of the first sharp

diffraction peak in amorphous germanium
prepared in UHV and measured in-situ"

by: Petr Vit¥or

151/87 "DYNAMISK PROGRAMMERING"

Matematikprojekt af:
Birgit Andresen, Keld Nielsen og Jimmy Staal

Vejleder: Mogens Niss

182/87

"PSEUDO-DIFFERENTIAL PROJECTIONS AND THE TOPOLOGY
OF CERTAIN SPACES OF ELLIPTIC BOUNDARY VALUE
PROBLEMS"

by: Bernhelm Booss-Bavnbék
Krzysztof P. Wojciechowski

153/88

154/88

155/88

156/88

157/88

158/88

159/88

160/88

161/88

162/88

163/88

le4/88

165/88

"HALVLEDERTEKNOLOGIENS UDVIKLING MELLEM MILITERE -
0G CIVILE KREFTER"

Et cksempel p& humanistisk teknologihistorie
Historiespeciale

Af: Hans Hedal =

Vejleder: Ib Thiersen

""MASTER:-EQUATION=-APPROACH-TO VISCOUS LIQUIDS AND
THE GLASS TRANSITION"

By: Jeppe Dyre

"A NOTE ON THE ACTION OF THE POISSON SOLUTION
OPERATOR TO THE DIRICHLET PROBLEM FOR A FORMALLY
SELFADJOINT DIFFERENTIAL OPERATOR"

by: Michael Pedersen

"THE RANDOM FREE ENERGY BARRIER MODEL FOR AC
CONDUCTION IN DISORDERED SOLIDS®

by: Jeppe C. Dyre

" STABILIZATION OF PARTIAL DIFFERENTIAL EQUATIONS
BY FINITE DIMENSIONAL BOUNDARY FEEDBACK CONTROL:
A pseudo-differential approach."

by: Michael Pedersen

"UNIFIED FORMALISM FOR EXCESS CURKRENT NOISE IN
RANDOM WALK MODELS"

by: Jeppe Dyre

"STUDIES IN SOLAR ENERGY"

by: Bent Sorensen

"LOOP GROUPS AND INSTANTONS IN DIMENSION TWO"

byf Jens Gravesen

"PSEUDO-DIFFERENTIAL PERTURBATIONS AND STABILIZATION
OF DISTRIBUTED PARAMETER SYSTEMS:

Dirichlet feedback control problems"
by: Michael Pedersen

"PIGER & FYSIK - 0OG MEGET MERE"
AF: Karin Beyer, Sussanne Blegaa, Birthe Olsen,

Jette Reich , Mette Vedelsby

"EN MATEMATISK MODEL TIL BESTEMMELSE AF
PERMEABILITETEN FOR BLOD-NETHINDE-BARRIEREN"

Af: Finn Langberg, Michael Jarden, Lars Frellesen

Vejleder: Jesper Larsen

"Vurdering af matematisk teknologi
Technology Assessment
Technikfolgenabschatzung”

Af: Bernhelm Booss-Bavnbek, Glen Pate med
Martin Bohle-Carbonell og Jens Hejgaard Jensen

“COMPLEX STRUCTURES IN THE NASH-MOSER CATEGORY"

by: Jens Gravesen



166/88 "Grundbegreber i Sandsynligheds-
regningen” i

Af: Jorgen Larsen

167a/88 "BASISSTATISTIK 1. Diskrete modeller"”

Af: Jorgen Larsen

167b/88 “BASISSTATISTIK 2. Kontinuerte
modeller"

Af: Jergen Larsen

168/68& "OVERFLADEN AF PLANETEN MARS"
Laboratorie-simulering og MARS-analoger .
undersegt ved Mossbauerspektroskopi.

Fysikspeciale af:
Birger Lundgren

Vejleder: Jens Martin Knudsen
Fys.Lab./HCO

169/88 "CHARLES S. PEIRCE: MURSTEN OG MORTEL
TIL EN METAFYSIK."

Fem artikler fra tidsskriftet "The Monist"
1891-93.
Introduktion og oversattelse:

Peder Voetmann Christeéansen

170/88 "OPGAVESAMLING I MATEMATIK"

Samtlige opgaver stillet i tiden
1974 -~ juni 1988

171/88 "The Dirac Egquation with Light-Cone Data"
af: Johnny Tom Ottesen

172/88 "FYSIX OG VIRKELIGHED"

Kvantemekanikkens grundlagsproblem
i gymnasiet.

Fysikprojekt af:
Erik Lund og Kurt Jensen

Vejledere: Albert Chr. Paulsen og
Peder Voetmann Christiansen

173/89 "NUMERISKE ALGORITMER"

af: Mogens Brun Heefelt

174/89 " GRAFISK FREMSTILLING AF
FRAKTALER 0G KAOS"

af: Peder Voetmann Christiangen

175/89 " AN ELEMENTARY ANALYSIS OF THE TIME
DEPENDENT SPECTRUM OF THE NON-STATONARY
SOLUTION TO THE OPERATOR RICCATI EQUATION

af: Michael Pedersen

176/89 " A MAXIUM ENTROPY ANSATZ FOR NONLINEAR
RESPONSE THEORY"

af : Jeppe Dyre

177/89 "HVAD SKAL ADAM STA MODEL TIL"

af: Morten Andersen, Ulla Engstrom,
Thomas Gravesen, Nanna Lund, Pia
Madsen, Dina Rawat, Peter Torstensen

Vejleder: Mogens Brun Heefelt

178/89 "BIOSYNTESEN AF PENICILLIN - en matematisk model"

af: Ulla Eghave Rasmussen, Hans Oxvang Mortensen,
Michael Jarden

vejleder i matematik: Jesper Larsen
biologi: Erling Lauridsen

179a/89 "LERERVEJLEDNING M.M. til et eksperimentelt forleb
om kaos"

af: Andy Wiered, Seren Brend og Jimmy Staal

Vejledere: Peder Voetmann Christiansen
Karin Beyer

179b/89 "ELEVHEFTE: Noter til et eksperimentelt kursus om
kaos'

af: Andy Wiered, Seren Brend og Jimmy Staal

Vejledere: Peder Voetmann Christiansen
Karin Beyer

180/89 "KAOS I FYSiISKE SYSTEMER eksemplificeret ved
torsions- og dobbeltpendul®.

af: Andy Wiered, Seren Brond og Jimmy Staal
Vejleder: Peder Voetmann Christiansen

181/89 "A ZERO-PARAMETER CONSTITUTIVE RELATION FOR PURE
SHEAR VISCOELASTICITY"

by: Jeppe Dyre

183/89 "MATEMATICAL PROBLEM SOLVING, MODELLING. APPLICATIONS
AND LINKS TO OTHER SUBJECTS - State. trends and

issues in mathematics instruction

by: WERNER BLUM, Kassel (FRG) og
MOGENS NISS, Roskilde (Denmark)

184/89 "En metode til bestemmelse af den frekvensafhangige

varmefylde af en underafkelet vaske ved glasovergangen'

af: Tege Emil Christensen

185/90 "EN NESTEN PERIODISK HISTORIE"
Et matematisk projekt
af: Steen Grode og Thomas Jessen

Vejleder: Jacob Jacobsen

186/90 "RITUAL OG RATIONALITET i videnskabers udvikling"
redigeret af Arne Jakobgen og Stig Andur Pedersen

187/90 “RSA - et kryptografisk system"
af: Annemette Sofie Olufsen, Lars Frellesen

og Ole Moller Nielsen

Vejledere: Michael Pedersen og Finn Munk

188/90 “FERMICONDENSATION - AN ALMOST IDEAL GLASS TRANSITION"
by: Jeppe Dyre

189/90 "DATAMATER I MATRMATIKUNDERVISNINGEN PA
GYMNASIET OG H@JERE LEREANSTALTER

af: Finn Langberg



190/90

191/90

192/90

193/90

194a/90

194b/90

195/90

196/90

197/90

198/90

199/9

200/9

"FIVE REQUIREMENTS FOR AN
APPROXIMATE NONLINEAR RESPONSE
THEORY"

by: Jeppe Dyre

"MOORE COHOMOLOGY, PRINCIPAL
BUNDLES AND ACTIONS OF GROUPS
ON C*-ALGEBRAS"

by: Iain Raeburn and Dana P. Williams

"Age-dependent host mortality in the
dynamics of éndemic infectious diseases

and

SIR-models of. the epidemiology and..natural
selection of co-circulating influenza virus
with partial cross-immunity"

by: Viggo Andreasen

"Causal and Diagnostic Reasoning"

by: Stig Andur Pedersen

"DETERMINISTISK KAOS"

Projektrapport af : Frank Olsen

"DETERMINISTISK KAOS"
Korselsrapport

Projektrapport af: Frank Olsen

"STADIER PA PARADIGMETS VEJ"
Et projekt om den videnskabelige udvikling
der forte til dannelse af kvantemekanikken.

Projektrapport for 1. modul pd fysikuddan-
nelsen, skrevet af:

Anja Boisen, Thomas Houglrd. Anders Gorm
Larsen, Nicolai Ryge.

Ve jleder: Peder Voetmann Christiansen

"ER KAOS N@DVENDIGT?"
-~ en projektrapport om kaos' paradigmatiske
status i fysikken. '

af': Johannes K. Nielsen, Jimmy Staal og
Peter Beggild

Vejleder: Peder Voetmann Christiansen

"Kontrafaktiske konditionaler i HOL

af: Jesper Voetmann, Hans Oxvang Mortensen og
Aleksander Hest-Madsen

Vejleder: Stig Andur Pedersen

"Metal-Isolator-Metal systemer”
Speciale

af: Frank Olsen

0 "SPREDT FAGTNING" Artikelsamling

af: Jens Hejgaard Jensen

0 "LINEEZR ALGEBRA OG ANALYSE"
Noter til den naturvidensukabelige basis-
uddannelse.
af: Mogens Niss

"Undersegelse af atomare korrelationer i

201/90
- amorfe stoffer ved rentgendiffraktion” -

af: Karen Birkelund og Klaus Dahl Jensen

Vejledere: Petr ViBlor, Ole Bakander

"TEGN OG KVANTER"
Foredrag og artikler, 1971-80. _

202/90

af: Peder Voetmann Christiansen
203/90 *"OPGAVESAMLING I MATEMATIK" 1974-1990
aflaser tekst 170/88

204/91 “ERKENDELSE OG KVANTEMEKANIK"
” et Breddemodul Fysik Projekt
af: Thomas Jessen '
Vejleder: Petr Viscor

205/91 "PEIRCE'S LOGIC OF VAGUENESS"

by: Claudine Engel-Tiercelin
Department of Philosophy
Université de Paris-1
(Panthéon-Sorbonne)

"GERMANIUMBEAMANALYSE SAMT
A - GE TYNDFILMS ELEKTRISKE
EGENSKABER"™

Eksperimentelt Fysikspeciale
af: Jeanne Linda Mortensen

206a+b/91

og Annette Post Nielsen
Vejleder: Petr Visdor

"SOME REMARKS ON AC CONDUCTION
IN DISORDERED SOLIDS"

207/91

by: Jeppe C. Dyre

"LANGEVIN MODELS FOR SHEAR STRESS
FLUCTUATIONS IN FLOWS OF VISCO-
ELASTIC LIOUIDS”

208/91

by: Jeppe C. Dyre

"LORENZ GUIDE" Kompendium til den
danske fysiker Ludvig Lorenz,
1829-91.

af: Helge Kragh

209/91

"Global Dimension, Tower of Algebras,
and Jones Index of Split Seperable
Subalgebras with Unitality Condition.

210/91

by: Lars Kadison

"I SANDHEDENS TJENESTE"

- historien bag teorien for de komplelre *al.
g )

211/91

af: Lise Arleth. Charlotte Gjevrrild,
Jane Hangen. Linda Kyndlev. Anne
Charlotte Nilsson. Kamma Tulinius.

Vejledere: Jesper Larcen og Bernhelm
Booss-Bavnbek

"cyelic Homology of Triangular Matriz
Algebras”

by:

212/81

Lars Kadison

"Diseagse~induced natural sclection in a
diploid host
by: Vigge Andreasen and Freddy B.Christiansen

213/91




2'1,4|91‘

" 215]91

216191

"Hallej i @wteren” - om

elektromagnetisme. Oplag

til undervisningsmateriale

i gymnasiet. T

Af: Nils-Kruse, Pueter Gastrup,
Kristian Hoppe, Jeppe Guldager

Vejledere: Petr Viscor, Hans Hedal

"Physics and Technology of ‘Metal-
Insulator-Metal thin film structures
used as planar electron emitters

by: A.Delong, M.Drsticka, K.Hladil,
V.Kolarik, F.Olsen, P.Pavelka and
Petr Viscor.

"Kvantemekanik pd PC'eren"

at: Thomas Jessen




