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Achievements I 

1. First crystals of organic pigment dye quinacridone (Chinacridon), condition   

 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. 

 Flörke and W. Hoffmann (1966).  

3. First large crystals of ferromagnetic semiconductor NaCrS2 from Na2Sx solvent 

 (flux) used also for growth of   many other sulfides like NaInS2, KCrS2, 

 CdS, ZnS, PbS, FeS2, CoS2, NiS2, 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-DuBois. 

     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). 
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Achievements II

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

control for flux growth of striation-free KTa1-xNbxO3 (KTN) solid solutions 

(with D. Rytz 1982), theory with R.H. Swendsen (2001), [1].

9.   Flame-fusion (Verneuil) growth of SrTiO3 with J. G. Bednorz (1977).

10. Growth of dislocation-free SrTiO3 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 (TiO2) crystals by chemical vapor transport 

(with M. Graetzel et al. 1996).

13. First free crystals of high-temperature superconductor YBa2Cu3O7-x 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. Müller-Krumbhaar).

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

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 O2 and H2O below detection limit; 

- of Czochralski model with four visualization methods.
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Videos in Section „Crystal Growth“  of  Website  www.hans-scheel.ch 

• Acknowledgments & Thanks   * Striation Problem solved 

• My Early 25 Years    * Strontium Titanate 

• Organic Pigment Dyes    * Slider-free LPE +Super-Glovebox 

• Pyroceram-type Glasses   * Czochalski Flow 

• Crystal Growth of NaCrS2    * High-Tc Superconductors 

• Zero or Forced Convection   * My New Projects 

• ACRT      *  My New Family 

          

 

 

 

 

 

 









Problem of H. Rohrer 1969: Large GdAlO3 crystals

Accelerated Crucible Rotation Technique ACRT

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



- Theory & Film with Erich Schulz-DuBois 1971, IBM
- Computer Simulation & Film M. Mihelcic 1979

KFA Jülich
ACRT in Growth from High-Temperature Solutions
- GdAlO3 & Solid Solutions, GdAlO3:Cr, LaAlO3, KTN,

Magnetic Garnets, SrTiO3: H.J. Scheel, IBM Zurich
- Magnetic Garnets: W. Tolksdorf, Philips Hamburg
- Magnetic Garnets: P. Görnert, Jena/DDR
- Emerald: G. Bukin, Novosibirsk
- Pb(Fe0.5Nb0.5)O3, Pb(Mn0.5Nb0.5)O3 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
- III-V Solid Solutions: P. Dutta, Rensselaer

Polytechnic Troy N.Y.

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

List  not  completeTemperature Measurement  
at Rotating Crucible at high Temperature
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KTN Papers: Growth  Results





D. D. Rytz & H.J. Scheel
J. Crystal Growth 59(1982)468-484

Flux Separation



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

+ Precise Temperature Control.

J.A. Burton, R.C. Prim, 
W.P.Slichter: J. Chem. Phys.

21(1953)1987-1991
Keff for growth from melts

W. Van Erk: J.Crystal Growth
57(1982)71-83

Keff for growth from
solutions

W. Nernst: Z. Phys. Chem.
47(1904)52-55

Diffusion-limited growth rate
V  =  D /   



 

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. Günter, Chapter 12 in Crystal  Growth of Electronic Materials, 
editor E. Kaldis, Elsevier  1985. 













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

0                              0.6𝜇m                  62 m

- Monosteps on extremely flat YBa2Cu3O7-x 

surfaces grown by liquid-phase epitaxy, 
Appl.Phys.Lett. 65 (1994)901-903. (H.J. Scheel, C. 
Klemenz, F.-K. Reinhart, H.P. Lang, and H.-J. 

Güntherodt)
- Materials Engineering Problems in Crystal Growth 

and Epitaxy of Cuprate Superconductors, 
MRS Bulletin 19(1994)26-32 (H.J. Scheel)

CVD                                  LPE



 

Predicted Applications of High-Temperature Superconductors

for Energy Storage & Electricity Transport 

and for Fusion Magnets 1991/1994





Oxidation and Epitaxy Problems 
with High-Tc Superconductors

Growth of YBa2Cu3O6 which has to be
oxidized to YBa2Cu3O6.85 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.



1. 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). 





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!
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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





Sumatra Tsunami 2004 210’ 000 Fatalities Damage   10 billion $

Katrina Hurricane 2005 1’300 Fatalities Damage 125 billion $

Tohoku Tsunami 2011 19’000 Fatalities Damage 300 billion $

+ global & Fukushima consequences

Haiyan Typhoon 2013 8’000 Fatalities Damage 2.86 billion $

Total 238’300 Fatalities Damage 438 billion $

Hurricane 
Katrina

29.8.2004

Typhoon Haiyan, 
Philippines
8.11.2013

Tsunami Tohoku,
Japan

11.3.2011

Tsunami 
Sumatra

26.12.2004













Heights of Tsunami Waves

Speed of Tsunami Wave

c =         

g = Gravitational Acceleration

h = Depth of Sea

Height (Amplitude A) of 
Tsunami Wave

      =         
(Energy Conservation)

Tsunami Wave Heights 
and Wave Velocities
(for original Tsunami Speed of 713km/hour at 

Ocean Depth of 4000m)

Depth Speed (Km/h) Wave Height

4000m 713 0.3m* 0.90m*

200m 160 0.63m 1.90m

40m 71 0.95m 2.85m

30m 62 1.02m 3.05m

20m 50 1.13m 3.39m

*Assumed typical values
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Tidal Height Differences














