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Omslagfoto/Cover

Kristallen van keukenzout via de gasfase
gegroeid. Deze foto, gemaakt door Wim
Noorduin en Sander Graswinckel van IMM
Vaste Stof Chemie, Radboud Universiteit
Nijmegen, was winnaar van de foto competitie
bij de BACG/DACG bijeenkomst in Edinburgh,
September 2006.

Electronische verzending FACET

Indien U deze FACET niet via de reguliere
mailing aan de NVKG-leden heeft ontvangen,
vragen wij U om aan de redactie van de
FACET een geldig emailadres door te geven,
danwel kenbaar te maken of U de FACET in
papieren vorm wilt blijven ontvangen.

De FACET verschijnt uiteraard ook nog altijd
gelijktijdig met de emailversie op de website
van de NVKG. De meest recente FACET kan
daar te allen tijde uit het FACETtenarchief
gedownload worden. Net zoals de vorige
elektronische FACETten, bevat ook dit
exemplaar weer handige, automatische links
voor web en e-mail.

Redactioneel

Voor u ligt de eerste FACET van het jaar 2007.
Na het drukke jaar 2006 zijn er ook in 2007
weer diverse kristalgroeiactiviteiten gepland.
Het voorjaarssymposium van de NVKG (zie
verderop in deze FACET) zal medio juni
gehouden worden aan de Universiteit Leiden.
Daarna zal in Augustus de International
Conference on Crystal Growth (ICCG-15)
plaatsvinden, voorafgegaan door een summer
school over kristalgroei en uiteindelijk zal het
jaar afgesloten worden met de NVKG
jaarvergadering die in  november zal
plaatsvinden bij Avantium. Het bestuur en de
redactie van de NVKG hoopt U wellicht
binnenkort bij een van deze gelegenheden te
kunnen begroeten.

Een vast item op deze plek is de oproep voor

input voor de FACET. Wat kunt u bijdragen ?

» Aankondigingen van lezingen, symposia
en congressen (niet alleen de activiteiten
die u zelf organiseert, maar ook activiteiten
waarover u langs andere weg bent
geinformeerd)

» Verslagen van (kristalgroei)-conferenties

» Artikelen (mag ook heel kort zijn!) over een
opmerkelijke ontdekking

» Advertenties: bijvoorbeeld i.v.m. vacature

« Omslagfoto’s (met toelichting). Telkens zal
de beste ingezonden foto op de omslag
van de FACET worden afgedrukt samen
met een korte toeliching aan de
binnenzijde van het blad. Bovendien zullen
de foto’s op de fotogalerij van onze
webstek worden gepost.

De drempel voor uw bijdragen is zeer |gag:

aanleveren kan per brief, fax, e-mail, of

telefoon. En we staan natuurlijk open voor alle
direct of indirect met de NVKG verwante
onderwerpen. De volgende FACET verschijnt

volgens schema eind oktober 2007.

Raoul van Gastel
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NVKG Kristalgroeisymposium 2007

When:

Friday, June 15, 2007

Where:

University of Leiden, Lorentz Center (room to be announced: either HL 201 or Gratamazaal)

Traveling:

http://www.lorentzcenter.nl/howto.php

Registration:

Via the webpage of the NVKG, Deadline: June 4, 2007 due to catering

Papers:

Participants are asked to submit an oral contribution including an abstract (max. 1/2 A4) to
rost@physics.leidenuniv.nl subject: NVKG paper submission

Deadline: June 4, 2007

Preliminary Program:

The final program will be published on the NVKG webpage. It also will be send by Email to the
registered participants.

10:00 coffee / tea

10:30 Welcome | Dr. Marcel Rost UL
10:40 paper to be announced
11:00 paper to be announced
11:20 paper to be announced
11:40 paper to be announced
12:00 Lunch

13:00 paper to be announced
13:20 paper to be announced
13:40 paper to be announced
14:00 paper to be announced
14:20 paper to be announced
14:40 coffee / tea

15:00 Lab tour

16:00 Reception / Closure



http://www.dacg.nl/
mailto:rost@physics.leidenuniv.nl
http://www.lorentzcenter.nl/howto.php

NVKG Kristalgroeiprijs 2007

Dit jaar zal opnieuw de twee-jaarlijkse NVKG prijs voor kristalgroei, bestaande uit een oorkonde en
een geldbedrag van € 1000,- worden toegekend aan een jonge onderzoeker voor hoogstaand
wetenschappelijk onderzoek op het gebied van de kristalgroei. De prijs is bedoeld voor de auteur van
het beste proefschrift of van een daarmee gelijkwaardige serie wetenschappelijke publicaties
(bijvoorbeeld opgesteld in een industriéle context). Het proefschrift dient na 1 januari 2005 met
succes te zijn verdedigd aan een Nederlandse universiteit. Voor de toekenning van de prijs komen
Nederlanders in aanmerking en niet-Nederlanders die hun onderzoek in Nederland hebben verricht.

De kandidaat, met een leeftijd van maximaal 35 jaar tijdens de uitreiking, moet hebben getoond te
beschikken over grote bekwaamheden als onderzoeker alsmede over wetenschappelijke originaliteit
en productiviteit. Bovendien moet de kandidaat een goed inzicht hebben in de problemen op het
vakgebied van de kristalgroei. De toekenning van de prijs geschiedt door het bestuur van de NVKG
op basis van een aanbeveling door een selectiecommissie van drie deskundigen. De uitreiking van
de prijs zal plaatsvinden tijdens de NVKG jaarvergadering, die 16 november 2007 gehouden zal
worden bij Avantium.

Het bestuur van de NVKG geeft aan iedereen de gelegenheid om geschikte kandidaten schriftelijk
voor te dragen. Een voordracht, met daarin de naam van de kandidaat, een korte argumentatie
waarom de betrokkene in aanmerking komt, een kort curriculum vitae en drie exemplaren van het
proefschrift of de serie van publicaties, dient uiterlijk 30 september 2007 toegezonden te worden
aan de voorzitter van de selectiecommissie: Dr. R.M. Geertman, API-PD, Organon N.V. Posbus 20,
5340 BH Oss, email: rob.geertman@organon.com

De kandidaatstelling dient vertrouwelijk te worden behandeld.
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Summary

GaN, with its wide bandgap of 3.42 eV and its
excelent material properties, is a very
interesting material for optical and electronical
devices. One of the main limitations at this
moment still is the lack of availability of GaN
substrates or lattice matched substrates. The
growth technique used in the experiments
described in this thesis, Hydride Vapour Phase
Epitaxy (HVPE), is a promising technique to
produce GaN substrates. Because of the high
growth rate, thick GaN layers can be grown at
reasonable time and reasonable cost. After
growth, the thick GaN can be separated from
the substrate and free-standing GaN is the
result. This thesis is aimed at giving more
insight into the HVPE growth process in
relation to the grown GaN material, both
through experiments and calculations on the
flows with Computational Fluid Dynamics
(CFD).

In chapter 4 a CFD model including the basic
chemistry for GaN growth with HVPE was
described. An excellent correspondence was
found between the growth rate from the
experiments and from the calculations. This
indicates that CFD is a very useful tool when
studying growth from vapour phase. Data
about flows and species distribution, which are
not experimentally available, can be
calculated. Both the experiments and the CFD
calculations show that the HVPE growth
technique is very sensitive to small changes to
the reactor geometry. A change in the angle of
the GaCl inlet allows obtaining a more uniform
growth.

The effect of the carrier gas on growth rate
and quality of the grown layers is shown in
chapter 5. The growth rate is accesible both by
the calculations and by the experiments, again

there is a good correspondence. For the used
reactor geometry the highest growth rate is
found for growth under 85% H, as the carrier
gas. From the CFD calculations two important
factors are found to contribute to the flow
pattern and deposition rate: buoyancy effects
because of concentration differences and the
diffusion coefficient. The calculations also
show that the position of the area of growth
relative to the GaCl inlet is very important in
determining the growth rate and distribution.

The choice of starting substrate for HVPE
growth is very important. In chapter 6
templates grown by Metal Organic Chemical
Vapour Deposition (MOCVD) with the Galium
Treatment Step (GTS) are used for growth of
thick GaN layer by HVPE. This results in 100-
300 um thick GaN layers that are grown on
these template without visible cracks. The
influence of the GaN buffer layer grown by
MOCVD is investigated by growing 25 um
thick layers with HVPE on 4 different templates
with GTS. The deposition time of the GaN
buffer layer after GTS treatment in MOCVD
was varied. The thickness of the buffer layer
does not influence the properties of the
subsequently grown GaN layer by HVPE as
soon as the growth in MOCVD starts to make
the transition from 3D growth to 2D growth.
This means that shorter growth times can be
applied in MOCVD growth of templates for
HVPE as the buffer layer from the MOCVD
growth does not need to be fully coalesced.

For growth in MOCVD and Molecular Beam
Epitaxy (MBE) adding In to the growth system
acts as a surfactant. In chapter 7 the effect of
adding In to the growth system of HVPE is
studied for H, and N, as the carrier gasses.
For N, the effect of adding In is largest: the
reduction of the full width half maximum values
of the peaks in the PhotoLuminesence (PL)
spectra indicate an improvement of the optical
quality. For growth under H, this effect is not
so strongly present. For both carrier gasses
the growth rate decreases when In is added,
this is probably due to the blocking of growth
sites by In, resulting in a slower movement of
the steps at the surface and thus a lower
growth rate. This slower step movement with
In present also allows the removal of



distortions due to pinning of steps by
dislocations.

As an addition to our small HVPE reactor for 2"
wafers, a new 4" reactor has recently been
built in our laboratory. In order to know how to
adjust the growth parameters to translate
results from the small reactor to the larger
reactor CFD calculation have been performed.
Both the Grashof number and the Reynolds
number need to be kept constant for dynamic
similarity. This can easily be obtained by
changing the pressure inside the reactor,
which effects the density and the diffusion
coefficients, and the velocity of the incoming
gasses. With the appropriate scaling rules the
flow pattern and the dimensionless growth rate
do not change in the CFD calculations during
the scaling of the reactor. The physical growth
rate, however, decreases. This can be
compensated by increasing the mass flow of
GacCl into the reactor.

In general it can be said that the work
presented in this thesis results in a better
understanding of the HVPE growth process in
a horizontal reactor. The combination of
experiments and calculations shows that the
used model is a very valuable tool to access
data which is not easily accesible
experimentally, like the species distribution
and flow patterns. Both the experiments and
the calculations have given more insight into
the important factors of the growth proces, e.g.
carrier gas and choise of template. With this
increasing understanding of the growth
process the easy fabrication of a good quality
GaN substrate is getting closer.

Dr. Christina Stoica
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Summary

Control of polymorphism is important for many
applications and is especially relevant for the
pharmaceutical industry. It was recently
discovered that epitaxial nucleation of one
polymorph on a specific crystal phase of
another form can play a role in the formation
and conversion of polymorphs. In this thesis a
detailed study is presented on this polymorphic
epitaxial nucleation for a steroid called 7aMNa
that has two known polymorphic forms.

The influence of a solvent on the morphology
of the steroid crystals is treated in chapter 2.
The attention is focused on the two opposite
{010} faces that, due to their different growth
rates when grown from different solvents (like
methanol or acetone), determine the polar
morphology of the crystals. It is shown that the
solvent can hamper or promote the
crystallization differently when interacting with
two opposite faces. The phenomenon is
explained by wusing results of Molecular
Dynamics simulations.

In chapter 3 the epitaxial nucleation of the
metastable polymorph of the 7aMNa steroid on
the (010) face of the stable form is studied. It is
shown that the 2D barrier of epitaxial
nucleation is lowered as compared to the 3D
barrier for nucleation. It is also shown that the
nucleation of the metastable polymorph on the
opposite (010) surface occurs at higher
supersaturation as compared to the one
needed for the nucleation on the (010) surface,
or does not occur at all depending on the
solvent.

By comparing the solubility of the steroid in
two different solvents it was observed that the
metastable zone width for epitaxial nucleation
is a function of the solubility of the compound
in different solvents: the higher the solubility,
the lower the threshold observed value for the
2D epitaxial growth of the metastable
polymorph. The life-time of the metastable
polymorph in solution is also affected by the
solubility in different solvents: the higher the
solubility, the faster the polymorphic
transformation into the stable polymorph.
Chapter 4 deals with the reverse process, that
is the epitaxial nucleation of the stable
polymorph on a specific face of the metastable
polymorph and the complex phenomenon of
concomitant polymorphism. It is shown that the
2D barrier for nucleation of the stable
polymorph is lowered as compared to that of



3D nucleation, as the stable polymorph is
using a specific face (namely the (010) face) of
the metastable polymorph as template for
crystallization. An important conclusion of this
study is that for low supersaturations for the
metastable polymorph, Ostwald’s rule of
stages in 2D does not hold.

By studying the life-time of the metastable
polymorph in solution, it is shown that both
polymorphs can co-exist (i.e. grow) in solution.
A theoretical polymorphic phase diagram is
derived and the phenomenon of concomitant
polymorphism is explained. Some practical
applications of the heterogeneous epitaxial
polymorphic nucleation are presented.

The experimental results presented in the first
chapters led to the conclusion that the two
opposite {010} surfaces of the polymorphs of
the 7oMNa steroid, acting as templates for
epitaxial polymorphic nucleation, needed to be
analysed closely. Therefore, in chapter 5 the
(010) face of the stable polymorph is studied
in-situ and ex-situ. It is shown that the (010)
face and faces with nearly the same

orientation are rough faces, unlike the opposite
(010) face. It is concluded that the epitaxial
nucleation of the metastable polymorph leads
to self-poisoning of the (010) face. The
conclusion is strengthened by the results of
vacuum experiments that show that the
crystals of stable form have a polar habit.

In chapter 6 the (010) face of the polar crystals
of the stable polymorph is studied ex-situ using
various techniques. It is shown that this
facegrows via a spiral growth mechanism. No
2D nucleation was observed to occur on this
face, even for relatively high supersaturation.
The symmetry induced and the accidental
interlacing patterns of the spirals are analysed,
also taking in consideration the effect of the
solvent, the supersaturation and added
impurities (in this case inorganic compounds,
i.e. Nal). The thickness of the corresponding
growth layers and the step directions of the
spirals found experimentally agree well with
the crystal structure and the directions of the
strongest Periodic Bond Chains.

AANKONDIGING CONGRESSEN EN SYMPOSIA

NVKG Kristalgroeisymposium,

15 juni 2007, Universiteit Leiden, organisator: M. Rost
Zie de aankondiging in deze FACET en de NVKG website....

Summer school “Directed Self-Assembly”,
24-29 Juni 2007, d'Amelander Kaap, Hollum, Ameland
Voor details zie http://www.ru.nl/IMM-Amelandschool2007

International Conference on Crystal Growth ICCG 15,
12-17 Augustus 2007, Salt Lake City, Utah, USA

Co-chairs R. Feigelson and G. Stringfellow

International Summer School on Crystal Growth ISSCG 13,
5-10 Augustus 2007, Park City, Utah USA,
Co-chairs J. DeYoreo and C. Wang

NVKG Jaarvergadering,

16 November 2007, Avantium
Nadere details volgen in de volgende FACET........


http://www.ru.nl/IMM-Amelandschool2007

ISIC-2008,

14-17 september 2008, Maastricht
Zie de ISIC-17 website (let op abstract deadline 1 oktober 2007 !!!)

10


http://www.isic17.com/

