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ELECTRON MICROSCOPY AND DIFFRACTION IN THE SOLID STATE PHYSICS GROUP 
AT PHYSICS DEPARTMENT» UNIVERSITY OF OSLO, 1976-85 

When our first electron microscope was installed here in 1968, other 
acitivities in the solid state group were directed mainly towards ideal 
and homogenous systems - as in most solid state labs at that time. They 
offered few obvious connections to microscopy; hence the EM lab had to 
establish its own reseraeh profile in solid state science, A broad 
perspective appeared reasonable, since there was no other electron 
microscope lab in the inorganic field at the University, The activities 
were built around three main elements: 

. A background in the theory of scattering and diffraction by atomic 
systems, which formed a basis also for the development of methods - and 
for international contacts. 

. An interest in diffraction crystallography, which led to a wide range 
of structure studies and applications in key fields as disorder and 
phase transformation in solids, inorganic chemistry, mineralogy and 
metallurgy. 

. Metallurgy and other materials research, based upon external coopera
tion, especially with SI (Center for Industrial Research). 

In this way we established, in effect, a regional laboratory for the 
inorganic applications of transmission electron microscopy. The finan
cing of equpiment may be seen as a reflection of this. 

The power and sensitivity of electron microscopy has increased signifi
cantly in recent years. Changes are apparent also in solid state phy
sics: The emphasis has shifted from idealized towards imperfect and 
inhomogenous systems, transformations, disorders etc. This may be 
1 i nked with technological t rends, with new theoretical models for com
plex systems and with capacity to handle them. It should also be seen 
in relation to the increased capabilities of microscopic techniques. 
The consequences to be drawn from this is an obvious theme for the 
present report. But at first we shall present our research activities 
in the last ten years, as requested. This is conveniently divided into 
an earlier part, 1976 - 1982/83 and a description of current projects 
around the new microscopes which were installed in 1983/84. 
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RESEARCH ACTIVITIES 1976 - 1982 

THEORY AND METHODS 

Earlier work on scattering and diffraction by crystals (Gjønnes, 1966: 

Gjønnes & Høier, 1971 a,b; Høier, 1972) had been concerned with diffuse 

scattering, weak reflections» crystal symmetry, Kikuchi lines, multiple 

scattering etc. It was based largely on combinations of Bloch wave 

description and perturbation approaches. In the latter half of the 

1970s these studies were pursued along three directions. 

Methods for accurate determination of structure factors. In cooperation 

with Japanese laboratories we applied the intersecting Kikuchi line 

(which had been developed here) at higher voltages in order to improve 

accuracy (Terasaki, Watanabe & Gjønnes, 1979). Japanese groups have 

since adapted the IKL method to convergent beam diffraction. 

Interpretation of diffuse scattering under dynamic scattering condi

tions. The previous studies of short range order scattering (Andersson, 

Gjønnes & TaftØ, 1974) were extended to include displacements. 

Andersson (1979) showed how the Bragg scattering effects may be exploit

ed for separation of substitution and displacement components. 

Channelling effects. Taftø & Gjønnes (1976, 1978) continued the studies 

of channelling effects in thick crystals and showed that the Bloch wave 

description applies up to quite high voltages. TaftØ (1979) demonstrat

ed experimentally the directional effects in x-ray emission from com

pounds, following the theoretical treatment by Gjønnes & Høier (I97la). 

This was the first step in the development of site specific analytical 

techniques, where analysis of composition (or electronic structure) can 

be referred to lattice sites. TaftØ continued this work after he left 

Oslo and developed the practical method which is called "ALCHEMI" (Atom 

Location by Channelling Enhanced Microanalysis) (Taftø, 1982). 

STRUCTURE STUDIES OF OXIDES AND MINERALS 

The interest in defects and diffuse scattering and in the application of 

electron microscopy and diffraction to crystal structure analysis led to 

the studies of oxide and mineral structures. Selected area diffraction 
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and dark field microscopy were supplemented with special methods develop

ed here. Materials were prepared or obtained with assistance from SI and 

the Mineralogical-geological museum. 

The defect monoxides of transition irstals (V, Mn, Fe) proved well suited 

to these techniques: High concentration of lattice defects which tend to 

order at low temperatures, superstructures with lower symmetry but only 

slight deformation of the cubic sub-cell. This complicates x-ray studi

es, whereas space lattices and symmetries can be unequivocally determin

ed by electron diffraction in combination with dark field microscopy. 

Special methods were used for determination of occupation numbers and 

short range order. In a review of superstructures and local order in 

the vanadium-oxygen system Andersson, Gjønnes & Forouhi (1979) described 

the structures in terms of defect clusters and the coexistence of local 

decomposition and local order in the disordered state. Similar struc

tures were derived for wiistite, Fe 0 (Andersson & Sletnes, 1977) where 

a network of alternating orthorhombic domains coexist with less ordered 

domains with a different composition. Different structures were found 

in MnO, where cooling from the disordered state lead to precipitation of 

periodic twins related to the tetragonal spinel MnJ3,. 

The application of transmission electron microscopy to mineralogy was 

taken up by Arne Olsen in the early 1970s. His studies of exsolution 

structures in feldspars were extended to cover the whole plagioclase 

region, with emphasis on peristerites and labradorites. Several methods 

for characterizing the lattices in fine intergrowths were developed, 

using combinations of diffractions techniques, x-ray microanalysis in 

the microscope and lattice calculations. The results were interpreted 

in terms of decomposition and symmetry changes during cooling of the 

rock. A review is given in Olsens Dr.thesis (1978). The mineralogical/ 

geological work also included studies of potassium feldspars (amazo-

nite) , pyroxenes, sulphide mim rais and antigorites. From electron 

diffraction data Olsen derived the structure of a ten layer antigorite 

-'ith 2550 atoms in the unit cell. X-ray microanalysis in the microscope 

was also applied to sediment samples. 

A review of crystal structure determination by electron diffraction was 

written by Gjønnes for the book "Fifty Year of Electron Diffraction" 

(ed. P. Goodman, 1981). 
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PHYSICAL METALLURGY - AND SEMICONDUCTORS 
In the metallurgical projects, in close cooperation with SI, there was 
at first an emphasis on precipitation reaction in light metal alloys. In 
the latter half of the 1970s the most extensive study of precipitates 
was Solbergs investigation of copper in silicon, however. Through a 
combined study of delects, morphologies and crystal structure the mecha
nism for formation and dissolution of precipitates through interaction 
with vacancies and dislocations could be derived (Solberg, 1978; Solberg 
& Nes, 1978). Other systems investigated in that period included 
Al-Fe-Si particles in aluminium and Mn-particles in magnesium alloys. 
In cooperation with the electronics group extensive analysis of phases 
in thin films of gold-tin was carried out (Buene et al. 1980) and also a 
study of faults in ion-implanted and annealed silicon. 

Towards the end of the 1970s another set of metallurgical problems was 
attacked, again in cooperation with SI: The microstructures which are 
formed during rolling and heat treatment of sheet material and their 
relation to mechanical properties, strength and formability. Electron 
microscopy observation of grain, subgrain and dislocation structure and 
primary particles were combined with x-ray measurements of texture and 
with optical metallography. These studies were also part of a trend 
towards more quantitative description of microstructures in materials. 

Other projects in that period included x-ray microanalysis of inorganic 
particles found in biological material, industrial atmosphere etc. 
including asbestos and other fibres, mainly in cooperation with biologi
cal and medical institutions. 
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1983 - 1985: HEW MICROSCOPES AND PROJECTS 

Around 1980 it became evident that the basic equipment, which then 
consisted of the Philips EM 300 from 1968 and a JEM 200A (from 1973, 
purchased used in 1976), was becoming outdated in relation to crys«.allo-
graphic work. A new instrument was essential for structure studies at 
an international level. 

In 1982/83 we succeeded in obtaining funds from NTNF (800 000 kr), NAVF 
(700 000 kr) and SI (400 000 kr). After long negotiations we signed 
contract for purchase of the JEM 2000FX, with the important provision that 
JEOL should offer us a new model for which detailed specifications were to 
be negotiated with us. The JEM 200CX would then be traded in. The 
specifications for JEM 2000FX were agreed late 1982; it was delivered 
in 1984 as the first instrument of that model. Subsequently JEOL sug
gested that we should keep also the JEM 200CX at a favourable price. 
During 1984 conditions and finance for this deal were secured, with help 
of several outside users, the research council and the geologists at the 
University. We thus had two microscopes: 

JEM 2000FX is well suited to crystallography and materials research, 
combining high resolution with excellent capabilities in diffraction and 
analysis. 
Resolution in TEM: 0.28 nm point, 0.14 nm line. STEM 1 nm 
Diffraction: Finest spot in TEM 2 nm, largest diffraction angle 10 . 
Magnification 850 000. Side entry goniometer +/- 30 . 
Scanning attachment ASID. 
Tracor Northern energy dispersive spectrometer for x-ray microanalysis 
can also be used for digital control of scanning coils and for digital 
reading of intensities in diffraction patterns. 

JEM 200CX has lower resolution (0.4 nm with standard pole piece) and 
lower magnification (300 000) in the side entry configuration. It is an 
excellent second line instrument for bright field/dark field/selected 
area diffraction e.g. in metallurgical work, for courses, demonstrations 
etc. It can be used for trying stages for high temperature and low 
temperature work, with reaction chamber attachments etc. and secures the 
flexibility essential with a spectrum of users. 
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The oldest microscope, JEM 200A has in the past two years been used with 
a low magnetic field pole piece for ferritic steels. It is expected to 
be shut down within the next few years. 

In 1984 there was also an increase of the scientific staff. Arne Olsen 
returned to take up a permanent position. Together with the new instru
ments, this led to new and increased activities. 

MATERIALS SCIENCE AND TECHNOLOGY. A LAB FOR OPTICAL METALLOGRAPHY 
The funding of the electron microscopes reflects the regional and inter
disciplinary functions of the lab. The teaching position was part of a 
reallocation plan within the Physics department. A third element was 
the introduction of a faculty program for materials science and techno
logy, as part of the "technological studies" (TOS). The electron micro
scopy lab takes active part in this program, which is based upon coopera
tion with Chemistry department and external institutions, especially SI. 
In connection with the program we have got a lab for optical metallograp
hy, with a new Reichert MeF3 metal microscope. A metallurgical engi
neer, who had been working in the photographic lab of the Science facul
ty, was transferred to this activity - which is an important asset to 
courses and research of materials. 

NEW METALLURGICAL PROJECTS 
The previous concentration of metallurgical projects around aluminium 
alloys now appeared too narrow. The importance of steel in vff-shore 
technology was reflected in studies of metallurgical reactions during 
welding of low-alloy steels. Through combination with optical metallo
graphy, methods for accurate positioning of electron microscope observa
tions relative to the fusion line in real welds were developed. Thus 
we could study dissolution, coarsening and reprecipitation of carboni-
tride particles through the heat affected zone and the relation to other 
microstructural features. This also offered an interesting combination 
of the use of the older, JEM 200A, microscope, which was now equipped 
with a low field objective for foils of magnetic materials and the JEM 
2000FX for microanalysis on extraction replicas. 

In the light metal field we again focussed on reactions, now during 
solidification. A study of rapidly solidified Mg-Mn was carried out. 
The aluminium industry showed more interest in fundamental studies of 
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solidification processes and structures, however. An investigation of 

crystal structures and faults in the primary .\j£-Fe-Si particles in 

DC-cast aluminium with high resolution microscopy, diffraction and EDS 

techniques is part of a NTNF program on solidification of aluminium 

alloys. The program involves SI, SINTEF and the industry. Samples 

prepared by a dissolution technique produce very good specimens for TEM-

analysis of individual particles. 

In cooperation with NIOM (Nordic institute of odontological materials) 

we study microstructures in several dental alloys, Au-Cu-Ag-Pd, Co- and 

Ni-alloys. 

Optical metallography are applied in many of these investigations e.g. 

for grain and dendrite structure, in aluminium, primary austenite in 

steel and also independent studies; microstructures in archeological 

iron, welded titanium etc. 

STRUCTURE STUDIES; HIGH RESOLUTION AND CONVERGENT BEAM DIFFRACTION 

High resolution and better diffraction facilities in the JEM 2000 FX 

offer new possibilities for structure analysis, as in the studies of 

irttermetallic particles. Arne Olsen has extensive experience in the 

application of these techniques to a variety of structures of semicon

ductors , intermetallie compounds, ceramic materials etc. from his work 

in USA and Australia. Several of these projects are continued here: 

Ba-Ti oxides, modulated structures in rare earth niobates, core struc

ture of dislocations in Cu-AÆ etc. 

In cooperation with Chemistry department faulted layer structures of 

transitions metal chalcogenides are studied with convergent beam diffrac

tion. 

THEORY AND METHODS 

New experimental possiblities emphasize the need for further development 

of the theoretical side. Previous work on structure factor determi

nation is extended with the aim of increasing the field of application. 

Three review articles, on determination of lattice constants and struc

ture factors, are under preparation for the new edition of International 

Tables of Crystallography, in cooperation with groups in Bristol and 

Oxford. 
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ANALYTICAL MICROSCOPY: SPECTROSCOPY AND CHEMICAL REACTIONS 
Spectroscopic techniques are an essential element in many of the pro
jects. Development work includes determination of K-factors, channelling 
effects in addition to assistance and courses for external users. 
We are engaged in an NTNF project at SI on analysis of Pt-Sn particles 
in catalysts. In cooperation with Norsk Hydro we are evaluating trans
mission electron microscopy in process industry, including the use of 
reaction chamber attachments for the study of chemical reactions. 

ELECTRON MICROSCOPY IN GEOLOGY 
A project with the Mineralogical - geological museum on microstructures 
in eclogites (by an NTNF post, doc) has been completed. Further work in 
the hard rock field will include cooperation on structures of new mine
rals. 
In sedimentology we have started a study of mineral diagenesis in sand
stones, shales and limesi.ones from reservoir rocks, in cooperation with 
the geology department and oil companies. 
In order to promote interest and engagement in this field we have given 
several courses and lectures directed to the geological groups. 
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TRENDS - PERSPECTIVE - PLANS 

Since about 1970 there has been remarkable improvements in resolution, 

sensitivity and versatility of electron microscopy. 

. High resolution imaging of projected crystal structures at Å level with 

a sensitivity which allows detection of individual atoms in special 

cases. 

. Incorporation of several spectroscopic techniques with spatial resolu

tion in the run range: X-ray spectroscopy (EDS), electron energy loss 

(EELS) and electroluminescence spectroscopy. 

. Improved diffraction techniques can provide crystallographic informa

tion about symmetry, structure factors etc. down to nm range. 

The introduction of image analysis systems will augment these facili

ties; through control of experiments as well as on-line/off-line ana

lysis of the vast information contained in images and diffraction pat

terns. Improved preparation techniques will facilitate the study of 

sensitive specimens, chemical reactiuns, hydrated objects etc. 

This development has led to many new applications in basic .irtd applied 

research. Examples like semiconductor interfaces, catalysts, modula

tions and local electronic structures can be summed up in a few key 

points: 

. The growth of technologies on a submicron scale - with information 

technologies as the most striking example. 

. The fundamental and technological interest in interfaces and inhomogeni-

ties (e.g. bonding, coating, composites). 

. The interest in local analysis in the study of chemical reactions in 

solids - and in hydrated systems etc. 

There is an apparent connection also between these fieldF and a shift in 

the emphasis within solid state physics: From the homogenous, idealized 

system in the early period, solid state physicists are turning to more 

complex systems: diporder, inhomogenities and transformations, amorphous 

substances and chaotic behaviour. This shift is related to new theoreti

cal concepts - and to the facilities for describing and analyzing com

plex systems offered by modern computers. It emphasizes the increasing 

need for microscopy at the atomic level, which should be seen as an 

important growth field in the solid state sciences. 
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PERSPECTIVES FOR THE EM LAB IN THE OSLO SOLID STATE CROUP 
To what extent is our background, resources and organization in Che 
solid state group geared to such effort? The background is: 

A theoretical tradition in scattering and diffraction» related to 
development of electron microscopy techniques. 

A high level in high resolution microscopy and diffraction combined 
with wide experience in structure studies throughout the inorganic 
field. 
. Extensive contacts to other labs. 
. Particular experience in the study of disorder in crystals. 
. Connection also with development of spectroscopical techniques. 

It is our view that increased activities bared upon this background, 
emphasizing the atomic structure of solids and its relation to transfor
mations and properties, will strengthen the solid state field in Norway, 
and also its links with other fields: Electronics, metallurgy, inorganic 
chemistry, geology. Let us outline the key activities in such an 
effort: 
Physics: Continued theoretical effort in scattering and diffraction, 
directed towards disordered structures, energy loss spectroscopy, struc
ture determination methods. Structure studies and spectroscopy related 
to semiconductor physics, modulated structures, phase transformations. 
Increased cooperation with the electronics groups in Oslo and Trondheim. 
A new position in the field should be aimed at this development. 
Crystallography: A strong basis in the structure determination should be 
maintained and developed as a key asset in the lab. Cooperation with 
other groups in chemistry, mineralogy and materials research, nationally 
and internationally should be developed further, including Nordic coopera
tion on electron crystallographic methods. 
Materials: This field is now under review by NTNF with the aim of in
creased technological effort. Emphasis may be expected on light metal 
alloys, materials ter -nology related to offshore, materials from petro
chemicals. Casting and other processing of light metals will offer 
interesting structure characterizing projects. Still closer connection 
between TEH, technological problems and basic research may be offered in 
interface technologies, e.g. welding, coating, corrosion, etc. The 
background in the Oslo region for an effort in the field includes a 
strong group in solid ptr.tj chemistry as well as SI and other research 
institutes. Initiative v* organize these into a materials center may be 
expected. 
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Chemical reactions: This application of TEM can be seen as an extension 

of the interface studies: Transmission electron microscopy applied to 

analysis of inhomogenities and chemical changes. The field should be 

developed in near contact with industry - and financed accordingly. 

Geology: Electron microscopy has become an important technique in geo

logy: for the study of mineral structures and microstructures and their 

relations to geophysical and geochemical conditions. On the other hand 

geology offer many illustrations on transformations in solids and inte

resting problems for electron microscopy. It is now important to draw 

geologists more directly into this work, at this stage through students 

and research associates, aiming at a permanent position in the field at 

a later stage. 

Relation to other microscopic techniques: There is now a proliferation 

of microscopic techniques, based upon scanning as well as imaging sy

stems. Many of these techniques may supplement TEM and might be included 

in an expansion of the present activities. This would call for exten

sion of the staff - or a reorganization, probably within the Science 

faculty. From our point of view, the expansion which should have 

highest priority is a dedicated STEM instrument. We would also point to 

the possibility of seeing spectroscopy in TEM (and STEM) as a "home base" 

for spectroscopical activities on a synchrotron. 

A PLAN FOR THE NEXT TWO YEARS 

As requested, we sketch here the current projects and plans for the 

coming two years: 

Theoretical projects: Calculations and experiments related to structure 

factor and structure determination, applied to current structure pro

blems, including disordered structures (Gjønnes, Olsen, Skjerpe, K. 

Gjønnes, Matsuhata, visiting scientist). Diffraction effects in spectro

scopy (cooperation with J. Taftø, student). 

Structure determination: AJU-Fe metastable phases and modulated structur

es. Determination and refinement of ML Fe, AH Fe by electron crystallo-
m x 

graphic methods. Incommensurate structures. Extension to A£-Fe-Si. 

(Skjerpe, student). Transition metal chalcogenides: Faults, superstruc

tures and charge density waves in IVB tri- and dichalcogenides, ZrS-

etc. Microscopy at different temperatures. Oxides and sulphides appear

ing in high temperature corrosion. (K. Gjønnes, cooperation with inor

ganic chemistry). 
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Materials: Solidification structures and phase diagrams in AJZ-alloys. 

(Skjerpe in cooperation with SI, industry). Bonding and interface struc

tures related to coating (cooperation with R. Hoel/IK Engineering). 

Semiconductor interfaces (NTNF-fellow, cooperation with electronics 

groups and ELAB). 

Chemical reactions; Cooperation with Norsk Hydro on development of 

reaction chamber attachment. 

Geology: Structure of new minerals (Olsen, Raade, Hin.geol.museum). 

Diagenesis in sediments (Olsen, Aagaard, geology students, research 

associate?) 

RESOURCES 

PERSONNEL 

Teaching staff: 

Jon Gjønnes, professor, born 1931, graduated 1957, Dr.philos 1967. 
1956-57 research assistent SI. 195B-59 research fellow NAVF (at SI). 
1960-61 NTNF & CSIRO fellowship, at CSIRO Chem Phys, Melbourne. 1961-64 
University fellow, Oslo. 1964 Senior research fellow, Melbourne Univer
sity. 1965-81 Senior lecturer in physics, Oslo University. 1974 visi
ting professor, Tohoku University, Japan. (198(1-81 leave from univer
sity: political adviser. Ministry for local government and labour) 
1982 - professor in physics, Oslo University. 

Arne Olsen, førsteamanuensis, born 1944, cand.real. 1970. Dr.philos 
1978. 1972-75 research fellow NAVF at Oslo University. 1975-78 research 
assistent in physics, Oslo University. 1979-80 postdoctoral fellow, 
Arizona State University. 1980-81 lecturer (amanuensis) in physics, 
Oslo University. 1981 visiting research scientist, National Bureau of 
Standards, Washington DC. 1981-83 senior research scientist, CSIRO, Div. 
of Chem. Phys., Melbourne, Australia, 1983 visiting scientist, Royal 
Melbourne Institute of Technology, 1983 visiting scientist, Institute of 
Metal Research, Shenyang, China. 1984 -senior lecturer (førsteamanuen
sis) in physics, Oslo University. 

Technical staff 
Erik Sørbrøden, engineer, born 1939, graduated 1963 Gøteborg Institute 
of Technology, 1969 Norsk Ingeniørakademi. 1964 engineer NAVF at Oslo 
University (Low Temp. Lab. 1964, Electron Microscope Lab. 1968). 1973 
engineer (avd.ing.1981), Oslo University. 

Przemyslaw Teodor Zagierski, engineer, born 1934 in PoJen, graduated 
1958 engineering school, 1972 Sileia Technical University, Polen, 1979 
NTH, Trondheim. Norwegian citizenship 1984, 1978 photographer and 1981 
engineer (avd.ing), Institute of Physics, Oslo University. 

Research associates 
Per Skjerpe, born 1953, cand.real. 1980. 1981-83 research scientist, 
SI. 1983 - research assistent in physics, Oslo University. 

Kjersti Gjønnes, born 1961, cand.scient. 1984. 1985 - research fellow 
NAVF, at Oslo University. 
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FINANCES 

The financing of new electron microscopes 1982-86 

JEM 2000 FX NTNF 1982 800 000 
NAVF 1982 300 000 

1983 400 000 
SI 1982 400 

1 900 
000 
000 

SI 1984 100 000 
Uni. (TOS 1984) 130 

2 130 
000 
000 

JEM 200 CX External users 240 000 (1985) 
Science faculty 100 000 (1985) 
Geological dept. 150 000 (1985-86) 
NAVF 100 000 (1985) 
NAVF 200 000 (1986) 
Physics dept. 50 000 (1986) 

Other contributions and income 1983-85 
1983 University 70 000 

NTNF 20 000 

1984 

1985 

University 65 000 
NTNF 40 000 

(gros income) 
University 65 000 
TOS 45 000 (preparation equipment) 
NTNF 40 000 
NTNF 40 000 (res.ass. 3 months) 
SI/NTNF 100 000 
HYDRO 50 000 
NAVF/Nansen 80 000 
Other 10 000 
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Comments: Funding of basic instruments have received priority. There 
has, so far, been no corresponding recognition of the need for running 
expenses, preparation equipment etc. The lab has in fact received a 
rather small part of the annuum over the University budget. In order to 
compensate for this, we have sought external financing much more actively 
in the last years. The additional incomt. leads also to increased direct 
and indirect expenses. On the other hand it provides higher yield of 
the investment. 

RESOURCES AND ORGANIZATION 
In the years ahead we assume increasing use of TEM and associated tech
niques within solid state sciences in Norway. It will be possible - and 
economical -to build an appreciable part of this activity on our lab, 
which already has cooperation over a wide inorganic field. However, the 
basis in physics should be emphasized - and reflected also in the alloca
tion of resources. Contributions from other field should be actively 
sought. It may be pratical also to include our lab in the development 
of other microscopic techniques - provided sufficient personnel and 
other resources are provided. 

POSITIONS 
The personnel resources can be expanded in several ways: By positions to 
the lab, by positions in other institute/departments, by temporary 
staff, visitors, reserach students - and by more effective use of exist
ing personnel. 
We suggest a position in materials science/solid state physics as early 
as possible, aimed at studies of semiconductor materials etc. 
A position in geology, with responsibility for application of electron 
beam techniques in the geological field including TEM should be allocat
ed in a few years. Dr.scient. and post. doc. visitors should be encourag
ed in geology. Within the materials education program in Oslo, dr. 
scient. and post.doc. should be available. 

EQUIPMENT: 
The basic instruments will be adequate for another five years or so. Now 
it is important to invest in auxiliary equipment. Specimen stages for 
high and low temperatures, preferrably in connection with reaction 
chambers may be financed through NAVF and cooperation with indu-
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stry. It may also be possible to obtain better specimen preparation 
facilities through external projects. This should also be seen as a 
clear responsibility for the host department, however. 

Image analysis system will be an essential part of any advanced TEM-lab 
in structure research, and should have high priority in a program for 
strengthening solid state, materials and structure physics. Application 
for the first elements was submitted to the research council (NAVF) this 
year. Application was also sent for energy loss spectroscopy, this will 
be app]ied in many solid state fields and in biology, where there is 
considerable interest in entering into cooperation on the application of 
EELS. It seems natural to place such a system in a physics department, 
because of the insight needed in the scattering processes and in the 
electronic structure of solids. The possibilities for study of local 
electronic structure has interesting applications also in the study of 
semiconductors. 

Suggested funding: 
Specimen stages and reaction chambers 
Preparation equipment etc 
Image analysis 

Energy loss spectrometer 
X-ray spectrometer (thin window) 

RUNNING EXPENSES 
Although the gross income has increased, the economy is difficult. The 
annuum of 60 000 covers less than 40% of the basic running cost, which 
makes the lab very dependent of external projects. We feel that the 
University (Science faculty and Physics dept) and/or the NAVF should 
contribute a larger share. This would give more freedom, higher effi
ciency and productivity - also in relation to applied research. 

NAVF NTNF, indus try UiO total 
200 300 - 500 
- 200 100 300 
600 
300 

~ 400 
300 

1 000 
600 

150 150 150 



16 

OTHER LARGE INSTRUMENT UNIT 
Other large instruments for materials characterization and structure 
research may be in connection with the TEH lab, e.g. as part of a mate
rials characterization centre in Oslo, within the Science faculty. In 
our view, a dedicated STEM instrument (of which there are none in 
Norway) should have high priority. Other large instruments would be 
Auger microscope/spectrometer, SIMS. There is considerable interest 
for these methods in the Chemistry department. 

ORGANIZATION 
The EM lab has several functions and responsibilities in many parts of 
solid state sciences - and a high degree of external finance. We may 
have reached a stage when one should discuss how this is best reflected 
in the organization of the lab. Several solutions may be envisaged: 
. Continue as part of the solid state grcup, with a cl'"*r recognition of 
the relations to other field and closer cooperation with other parts of 
the Science faculty (including EM-lab in Biology). 
. A national laboratory for structure and materials studies with trans
mission electron microscopy. 

Association with a regional centre for materials research (or mate
rials characterization). 
- or a combination of these. It is felt that the lab, its users and the 
Physics department would benefit from such a discussion. 

132F 
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Publications 1976 - 1984. 

J. Gjønnes: 

"Diffuse Scattering and Dynamical Interactions in Thin and Thick Crystals". 

"Developments in Electron Microscopy and Analyses", p.369. (ed. J.A. 

Venables) Academic Press: London, 1976. 

A. Olsen and V. Lillebø: 

"Composition and Lattice Constants of Lamellae in a Labradorite Feldspar". 

"Developments in Electron Microscopy and Analysis", p. 489. 

(ed. J.A. Venables) Academic Press, London 1976. 

J. Gjønnes and J. TaftjS: 

"Bloch Wave Treatment of Electron Channeling". 

Nuclear Instruments and Methods 132, 141 (1976). 

J.K. Solberg: 

"Precipitation of Interstitially Dissolved Copper in Dislocation-Free 

Silicon". Dr. Thesis, Universitetsforlaget, 1976. 

A. Olsen: 

"Lpttice Parameter Determination using Kikuchi-Line Intersections: 

Application to Olivine and Feldspars". J. Appl. Cryst. 9, 9 (1976). 

A. Olsen: 

"Exsolution Structures in Labradorite Feldspars". 

Electron Microscopy, Vol. 1, p. 417. TAL International, Jerusalem, 1976. 

B. Andersson and J. Sletnes: 

"Ordering and Decomposition in Fe, 0". Acta Cryst. A33, 304 (1977). 

J.E. Tibballs and A. Olsen: 

"An Electron Microscope Study of Some Twinning and Exsolution Textures in 

Amazonites". Phys. Chem. Minerals 1, 313 (1977). 

A. Olsen: 

"Lattice Parameter Determination of Exsolution Structures in Labradorite 

Feldspars". Acta Cryst. A33, 706 (1977). 



18 

C.J. Simensen and R. Vellasamy: 

"Determination of Phases present in Cast Materials of an Al - 0.5 wt % 

Fe - 0.2 wt % Si Alloy". Z. Metallkunde 68, 428 (1977). 

J. Gjønnes and J. Taft.ø: 

"Theoretical and experimental studies of Bloch wave channeling". 

50th anniversary of the discovering of electron diffraction, 

Inst. Phys. Conf. Ser. Mo. 41 (1978). 

B. Andersson and J. Gjønnes: 

"Ordering of defects in vanadium monoxides as revealed by electron 

diffraction studies". J. Less-Common Met. 61, 273 (1978). 

J.K. Solberg: 

"The crystal structure of rj-Cu„Si precipitates in silicon". 

Acta Cryst. A34, 684 (1978). 

J.K. Solberg and J. Gjønnes: 

"The effect of diffuse scattering on the dark-field contrast from 

precipitates". J. Appl. Cryst. 21, 190 (197€\ 

J.K. Solberg and E. Nes: 

"On the interaction between vacancy emitting/absorbing precipitates and 

dislocations in silicon as investigated by transmission electron micro

scopy". Phil. Mag. 37A, 465 (1978). 

J.K. Solberg and E. Nes: 

"On the micromechanisms of repeated precipitation on edge dislocations". 

J. Hat. Science 23, 2233 (1978). 

0. Terasaki, D. Watauabe and J. Gjønnes: 

"Determination of Structure Factors of Si and GaAs by the Intersecting 

Kikuchi-Line and Critical-Voltage Methods". Proc. Fifth Int. Conf. on 

High Voltage Electron Microscopy, Kyoto 1977, p. 263. 

A. Olsen: 

"The Microstructure of some Plagioclase Feldspars". Dr. Thesis, Oslo 

1978. 



19 

J. Taftø: 

"Channeling effects in electron induced x-ray emission from diatomic 

crystal'", Zeitschrift fiir Naturforschung 34a, 452 (1979). 

B. Andersson: 

"An electron diffraction study of diffuse scattering due to atomic 

displacements in VO". Acta Cryst. A35 718 (1979). 

0. Terasaki, D. Watababe and J. Gjønnes: 

"Determination of Crystal Structure Factors of Si by the Intersecting-

Kikuchi-Line Method". Acta Cryst, A35, 895 (1979). 

B. Ande.-sson: 

"Ordering of Point Defects in Transition-Metal Monoxides". 

Dr. Thesis 1979. Universitetsforlaget. 

A. Olsen: 

"Coherent Elastic Energies of Exsolution Boundaries in Peristerite and 

Bøggilu Intergrowths". Phys. Ch-.m. Miner. 4, 115 (1979). 

A. Olsen and J.C.H. Spence: 

"Distinguishing Shuffle and Glide Set Dislocations by Lattice Imaging". 

Proc. EMSA 1979, G.W. Bailey (ed.), San Antonio, Texas, 550 (1979). 

J. Aaseth, A. Olsen, J. Hasle and T. Hovig: 

"Occurrence of Tissue Deposits of Ag-Se in Argyria". Proc. Int. Conf. on 

"Heavy Metals in the Environment", E. Perry and WHO (ed.) London, 160 

(1979). 

J.C.H. Spence and A. Olsen: 

"Use of Pockel's readout optical modulators (PROMS) for atomic resolution 

electron image processing". Proc. Soc. Photo. Opt. Instr. Eng. 218, 154 

(1980). 

A. Olsen, J.C.H. Spence and P. Petroff: 

"Compositional Analysis of III-IV Interface Lattice Images". Proc. EMSA 

1980, G.W. Bailey (ed.) San Francisco, California, 318 (1980). 



20 

P. Goodman, J. Spence, A. Olsen and R.S. Roth: 

"The Compatibility of the CBED and Structure Imaging Techniques". 

Proc. EMSA 1980, G.W. Bailey (ed.) San Francisco, California, 174 (1980). 

J.C.H. Spence and A. Olsen: 

"The Application of High Resolution Methods for Atomic and Electronic 

Analysis in Semiconductors". 

Proc. The Electrochemical Society 1980, Hollywood, Florida (1980). 

L. Buene, H. Falkenbe>-g-Arell and J. Taftø: 

"The Study of Evaporated Gold Tin Film using Transmission Electron 

Microscopy". Thin Solid Films, 65, 247 (1980). 

L. Buene, H. Falkenberg-Arell, J. Gjønnes and J. Taftø: 

"The Study of Evaporated Gold Thin Film using Transmission Electron 

Microscopy". Thin Solid Films, 67, 95 (1980). 

J. Gjønnes: 

"Crystal Structure Determination with Electron Diffraction", 

in 50 Years of Electron Diffraction", edited by P. Goodman, 

(International Union of Crystallography, Reidel Dordrecht 1981). 

J. Aaseth, A. Olsen, J. Halse and T. Hovig: 

"Argyria - Tissue Deposition of Silver as Selenide". 

Scand. J. of Clinical and Lab. Invest. 41_, 247 (1981). 

A. Olsen and J.C.H. Spence: 

"Distinguishing dissociated glide and shuffle set dislocations by high 

resolution electron microscopy". Phil. Mag. 43A, 945 (1981). 

J.C.H. Spence and A. Olsen: 

"Characterisation of Dislocations and Interfaces in Semiconductors 

by High Resolution Electron Microscopy". In Proc. Mat. Res. Soc, 

edited by Tan (North Holland, New York 1981) p. 279. 

A. Olsen and P. Gooman: "Combining Convergent Ream Diffraction with High 

Resolution Imaging". Ultramicroscopy 6, 101 (1981). 



21 

J.E. Northrup, M.L. Cohen, J.R. Chelikowski, J.C.H. Spence and A. Olsen: 

"The electronic structure of the unreconstructed 30 partial dislocation 

in silicon". Phys. Rev. B24, 4623 (1981). 

H. Herø, R. Jørgensen, E. Sørbrøden, and E. Suoninen: 

"Precipitation in a Dental Ag-Pd-Cu-Au Alloy". J. Dent. Res. 6_1, 673 

(1982). 

H. Herø, R. Jørgensen and E. Sørbrøden: 

"A Low-Gold Dental Alloy, Structure and Segregations". 

J. Dent. Res. 6J, 1292 (1982). 

P.M. Skjerpe and C.J. Simensen: 

"Precipitation in Mg-Mn alloys". Metal Science 17, 403 (1983). 

J. Gjønnes and A. Olsen: 

"Analytical Electron Microscopy". JEOL News 22E, 13 (1984). 

H.J. Whitfield and A. Olsen: 

"The Crystal Structure of CuAsSe S and Related Compounds". 
U . o U . i. 

J. Solid State Chem. 55, 74 (1984). 

P.D. Norman, S.W. Wilkins, T.R. Finlayson, P. Goodman and A. Olsen: 

"Premartensitic Phenomena in InTl Alloys and the Role of the Fermi 

Surface". Scripta Metallurgica ^S, 575 (1984). 

T.R. Finlayson, P. Goodman, A. Olsen, P. Norman and S.W. Wilkins: 

"An Electron Diffraction Study of a Pre-martensitic In-24 at% Tl Alloy". 

Acta Cryst. B40 444 (1984). 

A. Olsen: 

"Combined CBED and HREM studies of materials". Invited lecture at 

SCANDEM-84, Copenhagen. Ultr-imicroscopy 13, 417 (1984). 

P. Goodman and A. Olsen: 

"A Study of Departure from Projection Approximation in CuAsS/Se for CBED 

& HREM". Acta Cryst. A40 Suppl-, 389 (1984). 



22 

T. Bastow, P. Goodman, H.J. Whitfield and A. Olsen: 

"Study of Polytypisra in GaS using HREM and CBED". Acta Cryst, AAD Supp]., 

459 (1984). 

P. Goodman, J.D. McLean, I.J. Wilson and A. Olsen: 

"Optical Microdiffraction and Image Analysis of Subsymmetries in Nb-O^ 

Tunnel Structures". D.B. Williams and D.C. Joy (eds): Proceedings of the 

4th AEN workshop, Bethlehem, Pennsylvania. San Fransico Press, 130 (1984). 

B. Gylseth, 0. Bjørseth, 0. Dugstad and J. Gjønnes: 

"Occurrence of fibrous sodium aluminiumtetrafluoride particles in potrooms 

of the primary aluminium industry". Scan. J. Work Environ Health H), 189 

(1984). 

H. Herø, M. Syverud, J. Gjønnes and J.A. Horst: 

"Ductility and structure of some cubalt-base dental casting alloys" 

Biomaterials 5, 201 (1984). 

J. Gjønnes and E. Sørbrøden: 

"Structure Factor Determination from Multiple Beam Situations in Electron 

Diffraction". Acta Cryst. A40 Suppl. (1984). 

E. Sørbrøden and J. Gjønnes: 

"Measurement and interpretation of diffraction patterns". 

SCANDEM 1984, Ultramicroscopy 1J3, 426 (1984). 

P. Skjerpe and S. Kvisle: 

"Electron microscopy of fine metal particles in some platinum/zeolite 

catalysts for petrochemical applications". SCANDEM 1984, Ultramicroscopy 

13, 426 (1984). 

K. Gjønnes: 

"Convergent Beam Electron Diffraction from Faulted Crystals of ZrS_". 

Ultramicroscopy J_7, 133 (1985). 

P. Goodman, A. Olsen, Whitfield, H.: 

"Mirror-symmetry and non-mirror-symmetric glide planes in CuAsSe, S. 

I. A convergent beam electron diffraction study." 

Ultramicroscopy 16, 227 (1985). 



23 

P. Skjerpe: 
"Microstructures in rapidly solidified Mg-Mn". 
Materials Science and Technology 1, 316 (1985). 

P. Goodman, A. Olsen, H.J. Whitfield: 
"An Investigation of a Metastable Form of GaS by Convergent-Beam Electron 
Diffraction and High-Resolution Electron Microscopy". 
Acta Cryst. M l , 292 (1985). 

194M 



24 

Scientific and technical reports (1981-1984). 

Erik førbrøden: 

"PINTS - A Program System to Assist in Interpreting Electron Diffraction 

Patterns and X-ray Powder Diagrams". 81-07 Report Series, Institute of 

Physics, University of Oslo (1981). 

A. Olsen, P. Goodman and R.S. Both: 

"Space Group and Structure Determination of BaNd.Ti.O . using CBED 

and HREM". The Xllth Congress of the International Union of Crystallo

graphy, Ottawa, Canada, Acta Cryst. A37, Suppl. 299 (1981). 

R.S. Roth, H.S. Parker, M.M. Koob and A. Olsen: 

"Synthesis, Symmetry and Structure of Titanate Single Crystals". 

The Xllth Congress of The International Union of Crystallography, 

Ottawa. Acta Cryst. A37> Suppl. 167 (1981). 

A. Olsen: 

"The Crystal Structure of Some New Antigorite Modifications". 

Annual Meeting of The Scandinavian Society for Electron Microscopy, 

Stockholm (1981). Ultramicroscopy 6, 415 (1981). 

A. Olsen, R.S. Roth and P. Goodman: 

"Symmetry and Structure Determination of Ba-Nd-Ti-oxides by Combining 

CBED and HREM". Annual Meeting of The Scandinavian Society for Electron 

Microscopy, Stockholm (1981). Ultramicroscopy 6, 416 (1981). 

A. Olsen and J.C.H. Spence: 

"High Resolution Electron Microscopy of Dislocations and Interfaces in 

Semiconductors". Annual Meeting of The Scandinavian Society for Electron 

Microscopy, Stockholm (1981). Ultramicroscopy 6, 416 (1981). 

J. Taftø: 

"Point Symmetry of Block Waves and Reduction of the Dispersion Matrix in 

Electron Diffraction" 81-24, Report Series, Institute of Physics, University 

of Oslo (1981). 



25 

0. Bjørseth, 0. Dugstad og B. Gylseth: 

"Forekomst av NaAlF, - fibre ved aluminiumelektrolyse". Rapport fra Yrkes

hygienisk institutt 1983. 

E. Bye, E. Eduard, J. Gjønnes og E. Sørbrøden: 

"Forekomst av SiC-fibre ved industriell produksjon av silisiumkarbid", 

Rapport, YH1 1983. 

P. Skjerpe: 

"Hicrostructural features in rapidly solidified Mg-Mn alloys" 

SCANDEH 1983, Ultraraicroscopy ^2, 276 (1984). 

E. Sørbrødon: "Data recording and analysis in diffraction modes" 

SCANDEM 1983, Ultramicroscopy |2, 276 (1984). 

0. Bjørseth, G. Edholm, 0. Dugstad and B. Gylseth: 

"The occurrence of fibrous particles in the pot-rooms of primary aluminium 

industry". SCANDEH 1983 - poster. 

J. Gjønnes: 

"Structure studies using electron diffraction". 

Invited talk SCANDEM 1983, Ultramicroscopy 12, 268 (1984). 

A. Olsen: 

"Determination of Lattice Parameters (or the Electron Wavelength) by 

using Kikuchi or IIolz Lines". 84-26, Report Series, Institute of Physics, 

University of Oslo (1984). 

P. Goodman, A. Olsen and H.J. Whitfield: 

"Determination of GaS Polytype by combined CBED and HREM Investigation". 

4th Analytical Electron Microscopy Workshop, Bethlehem, Pennsylvania (1984). 

T. Goodman, A. Olsen and J.D. McLean: 

"A Study of Sub-symmetries in Lattice Images of a Multiple Tunnel Gate

house Tungsten - Bronze - Type Structure". 4th Analytical Electron 

Microscopy Workshop, Bethlehem, Pennsylvania (1984). 

R.S. Roth, J.J. Ritter, A. Olsen and P. Davis: 

"Lattice Defects in Crystalline Ceramic Microwave Dielectric Materials". 

Int. Conf. on Defects in Insulating Crystals, Salt Lake City, 395 (1984). 



26 

P. Norman, T.R. Finlayson, P. Goodman, A. Olsen and S.W. Wilkins: 

"Premartensitic Phenomena in In-Tl Alloys, and the Role of the Fermi 

Surface". The 8th Annual Condensed Matter Physics Meeting of NZIP/AIP, 

Pakatoa, Island, New Zeeland (1984). 

J. Gjønnes: 

"Structure Factor Determination by Electron Diffraction". 

84-29, Report Series, Institute of Physics, University of Oslo (1984). 

0. Dugstad, J. Gjønnes and B. Gylseth: 

"Identifikasjon av asbestfibre ved elektrondiffraksjon" 

84-01, Report Series, Institute of Physics, University of Oslo (1984). 

P.T. Zagierski and J. Gjønnes: 

"Metaliografiske undersøkelser av et materialstykke fra Alexander Kielland, 

Stag D4". 84-09, Report Series, Institute of Physics, 

University of Oslo (1984). 

S. Kvisle and P. Skjerpe: 

"Elektronmikroskopi av Pt-Sn pl NaY zeolites". 

SI Symposium i petro-kjemi:/katalyse, (1984). 

R. Erkkila and T. Handeland: 

"Elektronmikroskopiundersøkelser av metallurgiske reaksjoner i varme-

pavirket sone ved sveising av HSLA stål". Norsk Metallurgisk Selskaps 

sommermøte, Trondheim (1984). 

J. Gjønnes: 

"Nytt elektronmikroskop ved Fysisk institutt, Oslo". Fysikermøte i Bergen 

(1984). 

A. Olsen: 

"Fifty Years of Electron Diffraction, P. Goodman (Ed.)". 

Fra Fysikkens Verden 46. 72 (1984). 

J. Gjønnes: 

"Elektronmikroskopi ved Fysisk institutt, Oslo". 

Fra Fysikkens Verden 46, 92 (1984). 



27 

K. Gjønnes: 

"Investigation of Crystal Structure by Convergent Beam Diffraction -

Application to Faulted Crystals of ZrS ". 

SCANDEM 1985, Ultramicroscopy 12. 1 7 1 (1985). 

P.T. Zagierski: 

"Metallografisk undersøkelse av båndstøpt aluminium". 

Fyrisk institutt, (1985). 

K. Gjønnes: 

"Elektronmikroskopiundersøkelse av en Pt-Rh-katalysator". 

Fysisk institutt, (1985). 

E. Sørbrøden, J. Gjønnes and A. Andersen: 

"Microstructure in an Iron-Nickel Meteorite". 

SCANDEM 1985, Ultramicroscopy 17, 182 (1985). 

P. Skjerpe: 

"Intermetallic Phases in Commercial Pure Aluminium". 

SCAMDEM 1985, Ultramicroscopy 17, 180 (1985). 

A. Olsen and R.S. Rotn: 

"Electron Microscopy and Diffraction Study of Modulated Structures in 

La, Th NbO, , and LaNb, W 0... " 1-x x 4+^ 1-x x 4+5g 
SCANDEM 1985, Ultramicroscopy H 179 (1985). 

A. Olsen: 

"X-ray Microanalysis in the Electron Microscope, Theory and Practical 

Methods". 

85-10, Report Series, Institute of Physics, University of Oslo (1985). 

J.K. Gjønnes and A. Olsen: 

"Structure Studies by Electron Microscopy and Electron Diffraction of 

Physics Department, University of Oslo, 1976-1985." 

85-12, Report Series, Institute of Physics, University of Oslo (1985). 

J. Gjønnes: 

"Block waves or slices?" 

Symposium on High-Resolution Electron Microscopy, Arizona State University, 

(1985). 



28 

J. Gjønnes and A. Olsen: 

"Analytisk elektronmikroskopi ved Norsk Hydros Forskningssenter". 

Fysisk institutt (1985). 



29 

Theses for the Cand, real, and Cand. Scient. degree (1976-1984). 

Abdul Rahim Forouhi: 

"Diffuse scattering of electrons from disordered VO " (1976). 

Sigve Olav Wiik: 

"Krystallfe'.l i ZnSe; dif f raksjonsef fekter i røntgeneksitasjon" (1976). 

Rolf Arthur Gabrielsen: 

"Støkiometri, utfellinger og kortrekkende ordning i LiFe^O^/Of-LiFeO--

systeraet" (1976). 

Terje Mofoss: 

"Elektronmikroskopisk undersøkelse av avblandings-struktur i noen 

pyroksener" (1977). 

Kurt Asle Asbjørnsen: 

"Absorpsjon av Blochbølger, imaginære potensial channeling effekter" 

(1977). 

Vidar Fjeld Lillebø: 

"Elektronmikroskopisk undersøkelse av avblandingstruktur i ein 

plagioklas feltspat" (1978). 

Anne Lise Dons: 

"Elektronmikroskopiske undersøkelser av noen jern- og kopperholdige 

sulfider" (1978). 

Oddvar Asbjørn Gjerde: 

"Strukturavhengig absorpsjon av elektroner i krystaller, tykkelseskontrast 

til bestemmelse av anomal absorpsjon" (1979). 

Per Skjerpe: 

"Utfelling i Magnesium - 1.58% mangan og Magnesium - 1.50% mangan -

0.80% aluminium" (1980). 

Helge Falkenberg-Arell: 

"Karakterisering av tynne Au-Sn filmer" (1980). 



30 

Gro Gjervold: 

"Sammenheng mellom deformasjons-struktur og mekaniske egenskaper i 

aluminium-plater" (1981). 

Yngve Langsrud: 

"Teksturutvikling under rekrystallisasjon i en Al-Mn-legering" (1981). 

Øyvind Dugstad: 

"Sammenheng mellom feilfordeling og behandlingsprosedyrer for ionestråle-

implantert silisium" (1982). 

Hermund Larsgaard: 

"Rekrystallisasjon i en aluminium-magnesium legering" (1982). 

Kjersti Gjønnes: 

"Struktur og feil i ZrS3" (1986). 

Reino Erkkila: 

"Metallurgiske reaksjoner i den varmepavirkede sonen ved sveising av 

Nb- og V-mikrolegert stål" (1984). 

Terje Handeland: 

"Mikrolegeringselementene Nb og Ti. Deres oppførsel og vekselvirkning 

med mikrostrukturen ved sveising av et lav-karbon konstruksjonsstal" (1985). 

194M 



31 

Other references used in the text: 

J. Gjønnes (1966) acta Cryst. 21, 240 

J. Gjønnes & R. Høier (1971a) Acta Cryst. A27, 166 

J. Gjønnes & R. Høier (1971b) Acta Cryst. A27, 313 

B. Andersson, J. Gjønnes & J. Taftø (1974) Acta Cryst. A30, 216 

R. Høier (1972) Phys.State. Sol. All, 597 

J. Taftø & J. Spence (1982) Ultramicroscopy 9, 243 


