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Achievements |

1. First crystals of organic pigment dye quinacridone (Chinacridon), condition
X for structural research (1966).

2. Explanation of the formation of “Pyroceram” glass ceramics by phase
separation causing nucleation and bulk crystallization, with G. Bayer, O.W.
Florke and W. Hoffmann (1966).

3. First large crystals of ferromagnetic semiconductor NaCrS, from Na,S, solvent

X (flux) used also for growth of many other sulfides like NalnS,, KCrS,,
CdS, ZnS, PbS, FeS,, CoS,, NiS;, MnS etc. (1974).

4. Forced convection for nucleation control and fast stable growth rates from
high-temperature solutions by Accelerated Crucible Rotation Technique
ACRT (1971,[1]). Hydrodynamics with E.O.Schulz-DuBaois.

Numerical simulation by Mihelcic et al., Kakimoto et al. and Derby et al.

5. Evaluation of maximum stable growth rates in flux growth for inclusion-free
crystals (with D. Elwell 1972, [1]).

6. Ultra-sensitive temperature sensor based on Pt6 versus Pt30 thermopyle with
C.H. West (1973).

7. Slider-free LPE process for superlattices of p-n-GaAs (1977) and transition to
facetting: atomically flat surfaces (1980) proven by Nomarski and by
scanning tunneling microsopy (with G. Binnig and H. Rohrer),
theory with A. Chernov (1995).



Achievements 11

8. “Inherent” crystal growth problem of striations solved by ACRT and optimized T-

X control for flux growth of striation-free KTa, ,Nb,O,; (KTN) solid solutions
(with D. Rytz 1982), theory with R.H. Swendsen (2001), [1].

9. Flame-fusion (Verneuil) growth of SrTiO;with J. G. Bednorz (1977).

10. Growth of dislocation-free SrTiO; crystals (with J. Hutton and R.J. Nelmes 1981).

11. Distribution coefficient k=1 achieved in growth from high-temperature solutions
(with R.H.Swendsen 2001).

12. First growth of colorless Anatase (Ti0O,) crystals by chemical vapor transport
(with M. Graetzel et al. 1996).

13. First free crystals of high-temperature superconductor YBa,Cu;0-_, and thick YBCO
crystals grown from high-temperature solutions (with F. Licci 1988, W.
Sadowski 1989, [1]).

14. Leading-edge growth mechanism discovered on thin YBCO plates explaining growth
of majority of thin plates in unstable growth regime (with Ph. Niedermann
1989, confirmed by H. Miller-Krumbhaar).

15. LPE of YBCO and NdBCO (with C. Klemenz 1992-1996, parallel with P. Gérnert in

X Jena).
16. LPE of GaN (with C. Klemenz 2000).

17. Definition of 8 epitaxial growth modes (1997, in [1] and [2] 2007).

- Construction of versatile Verneuil furnace for growth-rate measurements;
- of ultra-pure glovebox system with O, and H,O below detection limit;
- of Czochralski model with four visualization methods.



Videos in Section ,,Crystal Growth* of Website www.hans-scheel.ch
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COATINGS WORLD: with an overall value of $4.76 billion,
the market for high performance pigments is poised for steady
growth worldwide. Quinacridone 2016 178.844 tons.

1960: CIBA, Farbwerke Hoechst, DuPond,

now Clariant India & China, AkzoNobel

l.lo.'D H O
34% 0.9% N
0 H
® Coa[mgs MP dec. ~400°C
® Plastics Unsoluble
® Inks U
® Cosmetics
@ Textiles Growth by
® Electronics Sublimation
® Non-impact printing H. Koyama, F. Laves, H.J. Scheel:
Kristallstrukturen organischer
Pigmentfarbstoffe I:
High-Performance g-Chinacridon CzoH1202Nz,

2 Naturwiss. 53(1966)700.
Pigment Market by K. Ogawa, F. Laves, H.J.Scheel:
ii: 4 4-Diamino-1,1-
Segment Dianthrachinonyl C2eH1sN20s,
Naturwiss. 53 (1966)700-701.




CERAMIC WOOL

THE RMQCOUPLE Growth of NaCrS2 from Na2CO:s-
/ K2CO3 melts:

R. Schneider:
J. Prakt. Chem.8(1873)38, 56(1897)415

“l‘,

S. Haussuhl, M.Schieber: unpublished

Growth of NaCrS2 from Na2Sx-

Melts: H.J. Scheel:
J. Crystal Growth 24/25(1974)669-673
See also in D. Elwell and H.J. Scheel:

Crystal Growth from High-Temperature Solutions,
Academic Press 1975, E-scan with Chapter 11 and

2 Appendices in www.hans- scheel.ch
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Tornado Problem of H. Rohrer 1969: Large GdAIOs crystals

Schematic View of a Tornado
with Flow Profile (a) and
Velocity Distribution in the
Surface Friction (Ekman) Layer

(b).

High

(b) Ekman Laver

Spiral-Shear Flow and Ekman-Layer Flow, Movie at ICCG Marseille 1972

\ ( \ r

The Ekman Layer Flow occurs

also in a circular Container with
|/ \T 1 /‘ \) [r \X / / 1\ flat Bottom (c) when its Rotation
Is decelerated, and the opposite

— —_— e

Ekman §
\\} /‘f]‘ \\\ /// K/ 'Q\ 11 | W ’f/ Flow upon Acceleration (d).
(c) Deceleration Acceleration (d) Accelerated Crucible Rotation Technique (ACRT)
of Crucible Rotation H.J.Scheel, J. Crystal Grrowth 13/14(1972)560-565
~5cm

Accelerated Crucible Rotation Technique ACRT
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- Theory & Film with Erich Schulz-DuBois 1971, IBM
- Computer Simulation & Film M. Mihelcic 1979
KFA lJilich
ACRT in Growth from High-Temperature Solutions
- GdAIO3 & Solid Solutions, GdAIO3:Cr, LaAlO3, KTN,
Magnetic Garnets, SrTiO3: H.J. Scheel, IBM Zurich
- Magnetic Garnets: W. Tolksdorf, Philips Hamburg
- Magnetic Garnets: P. Goérnert, Jena/DDR
- Emerald: G. Bukin, Novosibirsk
- Pb(Feo0.5Nbo0.5)03, Pb(Mno.5Nbo.5)03 with Hans
Schmid et al. and P. Tissot.

ACRT in Bridgman Growth (> flat growth surface)
- Halogenides: A. Horowitz, Israel
- CdTe/HgTe Solid Solutions: P. Capper, Millbrook
Southampton UK
- llI-V Solid Solutions: P. Dutta, Rensselaer
Polytechnic Troy N.Y.

ACRT in Growth from Vapor
- CdS: H.J. Scheel (unpublished)

Lj |
Temperature Measurement"°t compiete

at Rotating Crucible at high Temperature
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- H.J. Scheel: Accelerated Crucible Rotation: A Novel Stirring Technique in High-Temperature Solution
Growth. J. Crystal Growth 13/14 (1972) 560-565.

- H. Rohrer and H.J. Scheel: Experimental Verification of Random-Field Critical and Multicritical
Behavior. Physical Review Letters 44 (1980) No.13, 876-879.

- H.J. Scheel and R.H. Swendsen: Evaluation of Experimental Parameters for Growth of Homogeneous
Solid Solutions. J. Crystal Growth 233 (2001) 609-617.

- H.J. Scheel: Theoretical and Technological Solutions of the Striation Problem. J. Crystal Growth 287
(2006) 214-223.



Table 2

Characteristics of various growth experiments of KTa, _, Nb, O, mixed crystals

20 KTN Papers: Growth Conditions

Refs. Composition Growth method Thermal Cooling Cooling Mass of  Compositior Additives Loss
range regulation  interval  rate melt of melt {(gh™ 1
CCh™y (g (mole%
K,COs)
[19] 02=x=<10 Kyropoulos +0.1°C ~15°C 0.1-0.5 20 50 None ?
[29] 0.35 TSSG ? ? 0.1 1300 50-52 Sn0, ?
. (0.1 mole%)
[30] 0.35 TSSG and ? ? ? 350 53-60 None 0.06--0.2
“floating crystal”
[31] 0.35 Hydrothermal ? - - - Excess KOH -
[32] 0.35 TSSG ? ? ? 32000 50 Ca0O, Pb0O,... 0.2
[33] 0.35 Hydrothermal ? — - 10 Excess KOH Sn0, -
(1 wt%)
[34] 0.30=< x <0.39 Pfann technique *=0.5°C - - 1400 65 Sn0, ?
(0.5 wt%)
[35] 0.40=< x <0.55 TSSG and ? ? 2-6 600 70 None ?
spontaneous nucl.
[36] 0.34< x<0.40 TSSG ? ? ? 1000 52-65 Sn0O, ?
(0.1 mole%)
(37 0.25 TSSG ? ? ? 800 52 None ?
[20, see 0.05=< x<0.60 TSSG ? ? 0.5 ? 60 $n0, ?
also ref. [8] (10 ppm)
[38], see Various TSSG ? ? ? 800 =50 ?
also ref. [39]
[28]) 0.38 Mass transfer *0.1°C - - 400 55 None ?
[40] 0.35 Mass transfer ? - - 1400 53.5 SnO, ?
(0.1 mole%)
[41] 0.35 Mass transfer *0.1°C - - 400 55 None Considerable
[22], see also 0=<x=<0.10 Spontaneous nucl. =2°C 500°C 5 20 55-60 CuO, ?
refs. [24,42-44] Fe,0;,...
[45] 0.28 and 0.40 Mass transfer ? - - ? None ?
[46] 0.30 TSSG ? ? ? ? ? ?
Present work 0<< x <0.04 Slow cooling =0.1°C ~40°C 0.15 1100 60 None 0.1

(434
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.able 2 {continued)

KTN Papers: Growth Results \

Refs. Growth Size of Developed Colour Characterization Measured  Calcu-  Stria- Other defects
rate resulting faces Ax lated tions
(A s crystals (local) Ax
(mnr’) (totaly
[19] 350 0.5%6.5X32 (100) Dielectric 0.03 0.10 ?
constant
[29] 720 15X 10X 10 (100) Colourless Dielectric 0.002 0.02 Yes
constani
[30] 2800 15X 2 10 Colourless X-ray ? 0.06 Yes “Some” strain v
fluorescence 75
[31] ? Colourless X-rays, ? - Yes Exsolution patterns E.
microprobe N
[32] 360 80X 80< 30 (100) and Colourless X-ray 0.01 0.10 Yes B e I I E
) minor (110) fluorescence %
[33] 710 5X5X5 (100) and ? - Yes &
minor (111) \:‘-
(34] 850 40X 40X 30 (100) Dielectric 0.01 - Yes o
constant 3
[35] ? X @ 15 Pale yellow  X-rays: ? 0.04 7 Cracks "E‘;,
S5X5X2 dielectric &
constant 5
[36] ? ? Colourless Resistivity ? ? ? .lP
®
[37 2000 8x8x7 (100) Dielectric 0.01 0.01 ? kE
constant S
[20], see 1400 1000-3000 (100) Volumetric 0.08 ? ? Large strain; S
also ref. [8) method grain boundanes A
[38}, see 400-2800 2000 (100} 0.01 0.04 ? Mosaic spread 6.02° ;\
also ref. [39] o
f28] 220-420 1000 {100} and Colourless Resistivity ? - ? f@
minor {110) g
[40] 4000 50X 5010 {100) Colourless ? Yes Inclusions =
tn
2
[41] 1200 303020 {100) and Microprobe 0.04 - Yes E‘.
minor (110) g
[22), see also 300 10X 55 {100} Yellow Microprobe; 0.003 0.25 Yes
refs, [24,42-44) density;
dielectric
conslant;
elastic step
[45) 120 1000 Colourless Diclectric ? - ? Mosaic spread 0.01°
constant;
resistivity
[46] ? ? Blue Resistivity ? ? ? &
Present work 100-400 25>25X10 (100} Colourless Microprobe: <0.03 0.06 Very R + S “

elastic step faint




D. Rytz, H.J. Scheel / Growth of KTa,_,Nb O; (0 <x < 0.04) solid solutions 471

PhD Thesis at ETH Lausanne IBM Zurich Research Laboratory

1400°C — 1400°C
Liquid

| |

1200CH | | 1200°C
| |
L
L
Lo
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1000CH 1 1 G solution 4 1000°C
L
X 1%,
Lt 1 | 1 | 1 i i ]
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KTaO, X[moie] KNbO,

Fig. 2. Schematic solid-solution phase diagram (after ref. [5)).
Growth starts at temperature 7, with an initial concentration
x,, and ends at temperature 7, with a final concentration x,.
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Fig. 3. Plot of crystal size ¥V and inhomogeneity x; —x, as a
function of experimental parameters (mass of melt M and
cooling interval T, —T7,). A numerical example is detailed in
the text.
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Fig. 7. Different steps of a growth experiment. A short interv
during cooling is shown on a real temperature plot. The nur
bers correspond to the thermocouples of fig. 6. The unlabell
thermocouple was located at the back of the furnace.

D. Rytz & H.J. Scheel
J. Crystal Growth 59(1982)468-484
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Fig. 4. Schematic phase diagram of KTa, ,Nb,O; and spatial
variation of the concentration x along the growth direction z.
The inherent bulk concentration gradient induced by the slow-
cooling method is clearly shown. (The numerical values T}, — T,
=20°C, x,— x,=0.03 and ¥~8X16X16 mm’ correspond
roughly to the numerical example detailed in the description of

fig. 3.)




J.A. Burton, R.C. Prim, Conditions fOI_’ _ GI’OWth

W.P.Slichter: J. Chem. Phys. of Striation-Free
21(1953)1987-1991 e L

Keff for growth from melts CI’LStalS

1. Flat (smooth) Growth Surface
2. Isothermal Growth Surface <AT/T<10
W. Van Erk: J.Crystal Growth 3 "Homogeneous Melt or Solutionann<1os

57(1982)71-83 4. Constant Growth Rate aviv<10°
Keff for growth from

solutions
When above conditions are established:

Hydrodynamic Fluctuations are

W. Nernst: Z. Phys. Chem. not harmful.
47(1904)52-55
Diffusion-limited growth rate Forced Convection and ACRT
V=oD/pd can Assist to Homogenize the

Melt or Solution.
+ Precise Temperature Control.

H.J. Scheel and R.H. Swendsen: Evaluation of Experimental Parameters for
Growth of Homogeneous Solid Solutions. J. Crystal Growth 233(2001)609-617



-

YIG Crystals ACRT-grown by Wolfgang Tolksdorf for Philipps Microwave Devices

Homogeneity importance for magnetic, magneto-optic, ferroeletric, nonlinear-optic and
photorefractive applications: Crystal Growth and Electro-optic Properties of Oxide Solid
Solutions: H.J. Scheel and P. Glinter, Chapter 12 in Crystal Growth of Electronic Materials,

editor E. Kaldis, Elsevier 1985.



Supersaturation in Growth from Vapor and in LPE

1 80 MOVD MBE
l e G. Stringfellow
3 1991
g tao
o
q
120
LPE
<P'03.

Gibbs free energy differences between reactants and products (layers, crystals). The
estimated thermodynamic driving forces for LPE (AT < 6 K), MOCVD (TMGa + arsine) and
MBE (Ga + Asy) of GaAs at 1000 K. (After Stringfellow, 1991) Reprinted from J. Cryst. Growth,

115,

Supersaturation ratios for VPE and LPE derived from interstep distances
yo of GaAs and of the high-temperature superconductor YBa,Cu30;_, (YBCO)

For GaAs For YBCO
MBE, MOVPE LPE VPE, MOVPE LPE
Yo 20-100nm 6pm 14-30nm 6 pm (0.6-17 wm)
rs 1.1-5.5nm 300 nm 0.8—1.6nm 300 nm
OMBE.MOVPE ™~ 60 X oy pg aypeMovpe ~ 200 x oppg

T. Nishinaga and H.J. Scheel in Advances in Superconductivity VIl Vol.1,
editors H. Hayakawa and Y. Enomoto, Springer Tokyo 1996, 33.



T Direction

f growth : PR
Sequegcgm Eight epitaxial growth modes

FRANK- in Crystal Growth Technology,

(LAYEneviaver editors H.J. Scheel & T. Fukuda

¥%=05-10um Wiley 2003, Chapter 28

STRANSKI--
KRASTANOV

with localized step flow
n  Yo=100-1000A

1t VOLMER-
followed by coalescence and certain flattening
- [ :r-

r—
bt

COLUMNAR
H GROWTH

DISLOCATIONS AND
ANTI-PHASE BOUNDARIES

Misorientation steps

STEP-FLOW

=100~ 1000 A
Kinematic wave theory 1958 Yo

F.C. Frank; Cabre STEP-

BUNCHING
Macrostep-induced

striations and growth

instability
SCREW-ISLAND

For layer compounds

(HTSC)
GROWTH ON

KINKED SURFACES
(garnets)




Liquid Phase Epitaxy

Problems in Slider Technology Sliding-free Technology for Mass Production

Gap :
7 Gap too wide:

: Aftergrowth
. Graphite / > | Mixing with next Solution

Raised Edge
Thickness Limitation
Scaling-up difficult

LPE-grown
layers

Growth

Substrate

Gan Scratching of
ap too narrow | ————> LPE-grown Layers US Patent 3,858,553 (Jan.7, 1975, H.J.Scheel /IBM,

J. Crystal Growth 42(1977)301 - 308 (ICCG-5 Boston).




Macrostep-Induced Striations

LPE of GaP
As-grown surface

Growth
Cleaved and etched Direction
in HF + H202
+ 3H,0 at 20°C

Increasing stéb bunchingr

J. Nishizawa and Y. Okuno, Cetniewo, Poland 1978

MultiLPE with Double-Screw Device

Transition to Faceting in Multilayer LPE

La
10’ per layer

3.5°h™!

Initial
AT=1.7°

5’ per layer

29

Initial
AT=0.5°

Misorientation « = 0.165 + 0.005°

111) St d |
(111) PP erS Lapping angle y = 2.381 £ 0.003°

<
o
=
3
o

y=1.908 + 0.003°

13
16 20pum
8
% 10
4
2
0
Macrostep
—> Striation SHbsrse
--- =0.575+0.012°
Stepped layers (111) " e

85’

Macrosteps  Substrate  Striations induced
by macrosteps
‘kinetic striations’
0 1 mm 2

Appl. Phys.Letters 37 (1980) 70-73, H.J.Scheel



f ot (a)
100um
Growth steps y, = 6um

N

+Y

(b)
it e

omrs) of Gas (1) et tp aitan Step heights of 6.5 A are measured by STM. (a) Principle,
(Nomarski) of GaAs (111) facet. Step distances of (b) Multi scan by STM.
6 um are visible.

H.J. Scheel, G. Binnig and H. Rohrer: Atomically Flat LPE-grown
Facets Seen by Scanning Tunneling Microscopy,
J. Crystal Growth 60(1982)199 - 202.



Comparison of PVD/CVD Surfaces with LPE Surfaces
of High-Temperature Superconductors

Lateral Resolution

Tnm im - 1mm L
A S Y NN SN SN S
i
81 ‘ 4
10 : Eye
- ' ——
SEM,_ i 1mm
= [~
g 108+ e
5 w
21 : gl
prd 4 (S)TEM o - |
e 1077 5 St 1um |
4= £
— E = | - :
S T 'E % T g 200 400 s00 -
£ 02t i g 0- 0.6/ 62 um
> o O o Figure 12. Typical spiral structures of (a) CVD-grown™ and (b LPE-grown YBCO
< a. 1 1nm -layers. The LPL spiral has a diameter of 62 uwm. Note the different scales which
correspond to >3 x 10° spiral islandsicm?® in vapor-grown and to about 10°
' spiralsfcm? in L PE-grown layers.
t s A - Monosteps on extremely flat YBa2Cu307-x
10 surfaces grown by liquid-phase epitaxy,
VD & CVD Reasired for ol Appl.Phys.Lett. 65 (1994)901-903. (H.J. Scheel, C.
LPE of equired for planar i . i
of HTSC HTSC1994 Tunnel-deviceTechnology Klemenz, F.-K. Reinhart, H.P. Lang, and H.-J.
Glntherodt)
Fi 11. Surf; tep heights and lateral step dist ) of YBCO grown by PVD, . . . .
CD, anc LPE aneiths getecson imits of slectron mieroscones (Seuf, 1nt, sconming - Mlaterials Engineering Problems in Crystal Growth
tunneling microscopy (STM) and atomic force microscopy (AFM), and of the optical .
differential interference contrast (Nomarski} microscope (DIM). Also shown are the a nd E pltaxy Of Cu pra te Su percon d uctors ,

inherent limit of PVD and the practical limit of LPE by vertical bars, and the step

distances required for a planar HTSC tunnel-device technoiogy.* MRS Bulletin 19( 1994) 26-32 ( H.J. Scheel )



Predicted Applications of High-Temperature Superconductors
for Energy Storage & Electricity Transport

and for Fusion Magnets 1991/1994

Prospects for 21st century

AC Generators
Transformers
Current Limiters o
Cables
Levitated Tralns e

MHOD Ships |
Energy Storage -
Fusion Magnets -

DL Mators i

AL Molors =
D€ Generators -

Magnetic Separation -

MRI s
Unknaown
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High-Temperature Superconductivity HTSC

Discovery 1986 initiated in the IBM Zurich Research Laboratory, Switzerland

K.A.Miiller &.G.Bednorz 40K; CW.Chu &W.K.Wu et al. at Houston/Texas 92K !!!
Details in www.hans-scheel.ch

*HTSC for Energy Saving: motors, Generators, Current Limiters,
MHD Ship Drive, Levitating Trains, etc.

*HTSC Cables for Electricity Transport: NoLoss
*HTSC for Energy Storage: riywheels

*HTSC for Computers: josephson Devices
*HTSC for Medicine: Squid Detectors

Problem: Not physics, but Materials & Crystal Growth
Problems, Physical Chemistry, Mechanical Engineering
for Fabrication of Reliable Layers, Cables, Coils.

Chance with educated Crystal Technologistsin Future




YBa,Cu30; [O] YBa, Cu30qg
orthorhombic tetragonal
001 \
(001) @.\Q

(100)

D [0] // [010]
>> D [0] // [100]
>> D [0] // [001]

Lattice

constants [A]
A

c/3

Porthorhombic }mnal

650°C

e
Temperature

Oxidation and Epitaxy Problems
with High-Tc Superconductors

Growth of YBa2Cu306 which has to be
oxidized to YBa2Cu30e6.85 to become
superconducting at 92K.

Problems:

Phase transition,

Anisotropic diffusion coefficients,
Thermal expansion difference
Mechanical properties.

Goal: Prevent cracking, twinning,
grain boundaries/dislocations,
strain/bending.

Similar problems in epitaxy:
Substrate with low misfit, fititng
thermal expansion and phase
transition, mechanical properties..

A task for well-educated crystal
technoogists in collaboration with
physico-chemists, mechanical
engineers, structure engineers.
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Problem: Define the optimum HTSC compound which has sufficient thermodynamic

stability to develop Crystals, Epitaxial Layers, Coils etc. for Applications in Energy /
Electricity Technology, as Squid Detectors in Medicine , as Josephson Devices in
Ultrafast Computers, and for applications in Fusion Energy.

2. Problem: Develop a substrate for the optimum HTSC compound which prevents

cracking ,twinning and formation of dislocations/grain boundaries upon cooling from
synthesis temperature, from oxidation and from phase transition.
- Materials Engineering Problems in Crystal Growth and Epitaxy of Cuprate
Superconductors, Material Research Bulletin 19(1994)26-32 (H.J. Scheel).



Effect of Growth Parameter on Crystal Property

Parameter

Growth Temperature

(from Melt or from Solution) |

Supersaturation
Growth Rate

\'g

Growth Mechanism

TemEerature Gradient

Hydrodynamics

Property

Stoichiometry
Equilibrium Defects

Impurities

Homogeneity

Inclusions

Structural
Perfection

Facet or
Isothermal Surface

Speed & Economy

Multi-Parameter Processes
Approach: Trial & Error
Systematic
Intuitive / Empirical
Design of Experiment
Fully Scientific

Complexity
Multidisciplinary
Scaling / Dimension Problem

Art

O

Science of Crystal Growth

Other Parameters

Chemicals Purity

Solvent

Transport Agent

Dopant

Crucible: Composition,
Size, Shape, Purity

Atmosphere; Gravity



"Sufficient' Characterization
High - Tc Update Vol. 5 No. 19, Oct.1, 1991 p.3

Overviews

Problems in the epitaxial growth of high-T,
superconductors are reviewed by H. J. Scheel et al. (Swiss
Federal Institute of Technology, Lausanne), who discuss
epitaxial deposition techniques and parameters, growth
mechanisms and film orientation, substrates, and
characterization. The authors stress that, since it is very

difficult to achieve reEroduablIltx of growth, “sufficient” "sufhcuent"
onel Crysfals

characterization of the epitaxial films and surfaces s of
tmost importance. The term "sufficient" means all those

chemical and structural aspects of the layer which have or
may have an influence on the measured physical

henomenon or on the specific a lication. The authors also
note that film-growth processing with lower growth
(substrate) temperatures (below 500°C, if possible) is
desired for combining semiconductor and superconductor
technologies (45 references).

NATO Advanced Study Institute
July 10-23, 1994 Greece
Prof. John Clem, AMES Labortory

Editor of High-Tc Update:
No HTSC paper with

sufficient characterization!
No reproducibility

in solid-state physics of

high-Tc superconductors!

Responsibility of Physicists
and of Crystal Growers!



Single Optimum Technology
for Growing a Specific Crystal or Epilayer
with Specifications for a Given Application

based on » Thermodynamics / Phase Diagrams

» Principles of Crystal Growth and Epitaxy
» Energy Consumption, Infrastructure

» Economics, Resources

» Timeliness

> Ecology

Requirements: » Education of Crystal Technologists

Engineers and Scientists with multi-disciplinary
Education plus special Education in Crystal
Fabrication Technology, Crystal Machining,
Epilayer Growth, Surface Technologies, and
Crystal, Epilayer and Surface Characterization

» Workshops and Schools on Crystal Technology
[ ——-

7th International Workshop on Crystal Growth Technology
IWCGT - 7 Potsdam / Berlin July 2 -6, 2017

Results: P Saving of more than 90% of Development Costs for
Crystals and Epilayers, of Resources, and of Energy
» Enhanced Developments of Solid State Sciences
and of Technologies
» Improved Reputation of the Field Crystal Growth

Examples:

1. Reliable Josephson Device / Squid Technology based on High-T, Superconductors
demands atomically flat surfaces due to short coherence lengths and required nm-
thin barrier layers. 1989 More than 1000 groups worldwide tried to achieve this by
about 10 different methods of vapor epitaxy: Island formation, maximum interstep
distance 50 nm. Only by liquid phase epitaxy near equilibrium can atomically flat
surfaces be achieved with interstep distances of more than 10 um.

2. GaN: Only by liquid phase epitaxy on GaN substrates can low dislocation densities
required for highest-efficiency and longest-lifetime light-emitting diodes and power
devices be achieved (not by MBE or MOCVD, exception immiscibility).

3. Growth of Homogenous Crystals of Solid Solutions at Highest Yield and Without
Striations not by reduced convection or in microgravity. Only by optimized forced
convection can economic growth of solid solutions and of doped crystals be achieved.

4.Apple's dream of sapphire screen on iPhone and iPad: Apple spent 439Million S
and GT 900Million S to build a factory in Mesa/Arizona and 2036 large HEM
furnaces and hired 700 employees for producing 262 (164)kg sapphire boules*.

Agreement signed by Apple and GT October 31, 2013, GT bankruptsy October
6, 2014. Wall Street Journal November 20, 2014. *30x of largest competitor.

| Poly on top |




Efficiency (%)

Best Efficiencies of Research Solar Cells
Data from T.Surek /NREL 2004

26 L} I L} ] T l 17 I T I Ll l 26
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o3| —® Modules (total area) o ® ..
2L EMPA 21.7% _A Solar Frontier | pp
20.4% 22.3% \@
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2 2F Solibro AV 14
S 191 18.7% 119
i \e
= 18 U.Uppsala AN e-18
o«
g | 187% B\ l4g
L
= 6l Manz/Solar i
18 Frontier TSMC 16.5% 1
15 MiaSole 14.6% Manz 16.0% 15
Solar Frontier  13.8%
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13+ 13
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YEAR
Fig. 1: Evolution of record efficiencies highlighting a steeper increase since 2014,
2016-2019 projections based on current R &D projects.

CPV with
Optimum Growth Process?




Laser Crystals and NLO Crystals for Laser Fusion Energy

NLO crystal High-power laser

— ] N\ ).1 1.06 mm
v Pumping with flash lamps

Y

Schematic
Laser diodes>

Problems of
crystal technology

Capsule
of deuterium & tritium

l1/3 =0.353 pum

A4 = 0.265 um



CONCLUSIONS / REQUIREMENTS

Required Progress in

- Theoretical Understanding of Growth Parameters and Growth
Processes, Develop Optimum Technology

- Education of Crystal Technologists with Emphasis on Epitaxy
Problems and on Energy Problems

- Solve the Relevant Crystal-, Epitaxy- and Fabrication Problems
of High-Temperature Superconductivity with one Optimum
HTSC Compound with Tc above Boiling Point of Liquid
Nitrogen

- Looking back 50 years work: It was always challenging

and fun to work in Crystal Growth Technology

Thank You

for giving me the DGKK-Award and for listening
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USA/Louisiana
'29.8.2005 *

Sumatra Tsunami 2004
Katrina Hurricane 2005
Tohoku Tsunami 2011

Haiyan Typhoon 2013

After Hurricane Katrin‘r

Tsunami
Sumatra
26.12.2004

Hurricane
Katrina
29.8.2004

210’ 000 Fatalities
1’300 Fatalities
19’000 Fatalities

8’000 Fatalities

Tsunami Tohoku,
Japan
11.3.2011

Typhoon Haiyan,
Philippines
8.11.2013

Damage 10 billion $
Damage 125 billion $
Damage 300 billion $

+ global & Fukushima consequences
Damage 2.86 billion $

Total

238’300 Fatalities

Damage 438 billion $



M. PIAMC - COPEDEC 2016 Conference Rio de laneiro October 16 — 21, 2016

Vertical Submerged Barriers
to Prevent Flooding and Erosion

Hans J. Scheel
Scheel Consulting, Switzerland, hans.scheel@bluewin.ch

With Contribution from Hisham Elsafti 8 Hocine Oumeraci
Leichtweiss-Institute for Hydraulic Engineering. Techn. University Braunschweig, Germany
h.el-saftif@tu-braunschweig.de; h.ooumeraci@tu-bravunschweig.de

Results of Numerical Modelling (H.el-5afti)

Assumption:
Strong Tsunami: At 4000m water depth
Speed 713 km per hour (198m/s), wave height 1.00m
At the impermeable TFB barrier at 30m water depth
Speed 65 km per hour (18.1m/s), wavelength 188.92m,
wave height without barrier 3.40m
Runup x 2.0566 = 6.992m wave height at the barrier
Pressure 66.587kN/m2 = E.Eﬁtzml
Horizontal force per meter at seabed level = 223.04t/m
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Four Coastal Situations with Tsunami Impact
.. a) without Protection ¢) with Tsunami-Flooding Barriers

e

<cnimmm

rmvp ) With large Protection d) with deposited Cylinder Barriers
# Walls on the Coast

e

Concrete Foundation

Tsunami Impulse Waves
....Reach the Coast ....are Reflected before
Reaching the Coast



Concrete Wall with Surge Stopper

Service Road

TTC =, o et
-? ;'o‘.c,'

Sea Level

| —>» Tsunami Waves I <«— Reflected Waves

Schematic cross section of a vertical barrier in the sea
which reflects the tsunami impulse waves.
The gap between barrier and coast is filled up for land reclamation.

Schaic view of a truck on a double-pontoon
simultaneously inserting two steel fences
from fence rolls into the sea

Surge stopper
Coast

Sea level
'y ALSOAR
1
lg’-‘.‘m’-l’-ﬂ:i"" N
Sgeanedls
' QY
30 m

PRI

(> . — [ — o
S.J'!'-'f,-lz.'-v‘-'.—— :
1w v > =T -
/ .:.’,v‘w,_- ’ Stainless-steel
TS B | fences
m Horizontal anchors

Rocks, gravel, sand
Double-fence tsunami-flooding barrier with
concrete road, walls and surge stopper,
schematic cross section

Fixation in the ground




Surge Stopper  Scale1:500 0 10 20 30 m

Sea Level

i Bottom of the Sea i
Cross Section View towards the Sea

Steel Beams, Pipes

Plate of Steel
or Geotextile
on Steel Fence
Grout, Concrete,
Gravel, Sand

Empty Cylinder transported by Floatation and
filled on Site (prepared before by Dredging)

Dredging/cleaning of the sea floor

and supply of sand/gravel to fill the cylinder barrier
(Van Oord Ship)



Heights of Tsunami Waves

Speed of Tsunami Wave Tsunami Wave Heights

c=.(gxh) and Wave Velocities

(for original Tsunami Speed of 713km/hour at
Ocean Depth of 4000m)

g = Gravitational Acceleration

h = Depth of Sea Depth Speed (Km/h) Wave Height
4000m 713 0.3m* 0.90m*

Height (Amplitude A) of =~ 20m 10 063m  1.90m
Tsunami Wave 40m 71 0.95m  2.85m
2 30m 62 1.02m 3.05m

A® x ¢ = constant 20m 50 1.13m  3.39m

(Energy Conservation)
*Assumed typical values

© SCHEEL CONSULTING Hans J. Scheel



Wave Height or Run-Up [m ]

|
=~ 0.3m wave at 4000m depth (W1) | |
<\ —0—1.0m wave at 4000m depth (W2)
=»— Current study run-up of W1 1
\ =4 Current study run-up of W2
TFB
™. Barrier
10 100 1000
Water Depth [ m ]

O Wave Heights
without Barrier

¥ Run-Ups against
vertical Barrier

The height of an arriving Tsunami Wave is about
doubled when stopped by a stable vertical Barrier



<= Fish |Reclaimed
Farming | New Land

Coastline

~N<—
Large Coastal City

Applications of Sea Reservoirs for Reclaiming New Land,
for Fish Farming and, after Drainage, as Dump for Waste
Disposal followed by Fill-up for more New Land, Top View



Tidal Height Differences

NASA/GSEC
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New Artificial Reservoir

Original Mountain Surface \

Planned Tsunami-Flooding Dam
Barrier with Pumps

Truck with
Rocks on Pontoon

Open
Sea

<

Steel Fence

Ramp Road
<— 1-30Km —) Power Station with

Pumps, Turbines,
Generator

Excavation of Rocks which are used
to build Tsunami-Flooding Barriers

Hydroelectric Energy Storage by Pumping Sea-Water to the Artificial Resrvoir
which is formed by Excavating Rocks for the Construction of Tsunami-Flooding Barriers
(Schematic Cross Section)

— —



Discharge Time (hr)

System Ratings

Installed systems as of November 2008

) @
10
1
0.1
CAES Compressed air
EDLC Dbl-layer capacitors
FW Flywheels
0.01 VA Lead-acid
Lijjon Lithium-lon
Na-S Sodium-sulfur
Ni-Cd Nickel-cadmium
0.001 Ni-MH Nickel-metal hydride
ESmr . ooty
. VR Vanadium redox
o , Zn-Br Zinc-bromine
0.0001
0.001 0.01 01 1 10 100 1000 10,000

Rated Power (MW)




Humanity’s Top Ten Problems BEEGIEEAISE DLEEEID
for next 50 years

Nobel Prize for Chemistry 1964
Smalley 2003

ENERGY
WATER

FOOD
ENVIRONMENT
POVERTY

TERRORISM &
WAR

DISEASE
EDUCATION 2004 6.5 Billion People
POPULATION 2050 ~10 Billion People

DEMOCRACY




1

AN i B AR A BB LR Y kﬂwn%fc@\g
el

'%3“%’ Y Y PRI SRR o0 S S LI OOy o

Y I A
¥ 3 # @oholu Jiniversity %é
i) 3{:“' ii Anp 5.';.: ¥ Sendui Japun %

‘{.‘.K ‘:E This is to certify that :
’\r\}( 0.\»;\ § Hans J. Scheel

Y
L

of Switzerland

B rn f 55 P
_ﬁ}.dﬁw,\ﬂ, A Fm 220

o
e 1Ry o e Lolo ¥ # %
Xé.., ; e 5 ;_l( born on May 13,1937 )f
- { % T A A
bé pd ﬂ%"-‘ rﬁp'&{wgg'u‘) % % has been duly awarded the Degree of q{z:
£ 4. 9y
o A Doctor of Engineering a“"
Kl 2 5@ QN g : \ X
;\\ Z ﬁ'&%@ ’&é »4” "')"\.e}-’ i ,%' having passed the prescribed examination glr
Voo ] J' ;«
o ¥ , . .
i +(( ‘.‘ i ) ‘x % ’E on his thesis for the doctorate -
- 5 At \’%OS’U&’ ‘ :
Eag ﬁk ’*.' e 2‘1‘\?{% ;‘-: i in Tohoku University. l
3 : E
A ®, B
Yy r
} | { g
! P¥ s
€§': Y /Y Q‘
& e &‘Am E«: Warch 15, 1995
h 'Y -2
- "". \‘?
Y 4 % b
H - £ ‘ 2
: (R K E 2y '
& e 'Y P JowbéA' ¢
3 & % : %;
52" ookt R e : a5 President, o
.f" 'y ?."5 £
5',( e tp;ﬁi ¥ o
ﬁ"}; e R S T N R S TRl 5-:@{_" & ,;, Tohoky University %
At ‘N7 o)
& [
a’{%} s

5
AP
-

%@”’ﬁ-\b wﬁzﬁ‘&k %;‘} !J?-T“ f'll'\l'?”"f ,v w ’w&;{ 0:

’3\2



AKAJIEMUA MHXEHEPHBIX HAYK

POCCYICIOOY OEIEPAIDIDI

ran 333-14-66
417810 rcn-7 hocrea B-485

ya. Qooecowsnan, 8L{52 eaxc 333-50-88
JuH X
wa N

Dear Dr.-Ing. H.J.Scheel,

We have a pleasure to congratulate you with vour clection as & foreign

member of Academy of Engincering Sciences of Russian Federation.
We appreciate your valuable contributions in the devciopment of materials
engincering and technology and hope you will introduce in the enginoenng

sciences further new important contributions.

With all good wishes in vour future work and teaching.

President /%"/ AM. Prokhorov
Chief Scientific Secretary ; 04,/!\ Shecherbakov
/
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