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Achievements |

1. First crystals of organic pigment dye quin@&ridone (Chinacridon), condition
X for structural research (1966).

2. Expl anati on of t he f or m=a teiamics byo phas
separaion causing nucleation and bulkcrystallization, with G. Bayer, O.W.
Florke and W. Hoffmann (1966).

3. First large crystals of ferromagnetic semiconductor NaCrgfrom Na,S, solveni

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

4. Forced convection for nucleation control and fast stable growth rates fro
high-temperature solutions by Accelerated Crucible Rotation Techniqur
ACRT (1971[1]). Hydrodynamics with E.O.SchulzDuBois.

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

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

6. Ultra -sensitive temperature sensobased on Pt6 versus Pt30 thermopyle wi
C.H. West (1973).

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



Achievements Il

8. Al nherento crystal gr owACORT gnd aptorizednr o f

X control for flux growth of striation -free KTa, ,Nb,O4 (KTN) solid solutions
(with D. Rytz 1982), theory withR.H. Swendsen(2001), [1].

9. Flamefusion (Verneuil) growth of SrTiO;with J. G. Bednorz (1977).

10. Growth of dislocationfree SrTiO4 crystals (with J. Hutton and R.J.Nelmes 1981).

11. Distribution coefficient k=1 achieved in growth from hightemperature solutions
(with R.H.Swendser001).

12. First growth of colorlessAnatase(TiO,) crystals by chemical vapor transport
(with M. Graetzelet al. 1996).

13. First free crystals of hightemperature superconductor YBgCu;0-_, and thick YBCO
crystals grown from high-temperature solutions (with F.Licci 1988, W.
Sadowskil1989, [1]).

14. Leadingedge growth mechanism discovered on thifBCO plates explaining growth
of majority of thin plates in unstable growth regime (with Ph.Niedermann
1989, confirmed by H. Muller-Krumbhaar).

15.LPE of YBCO and NdBCO (with C. Klemenz 19921996, parallel with P.Gdrnert 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 versatileVerneuil furnace for growth-rate measurements;
- of ultra-pure gloveboxsystem with O, and H,O below detection limit;
- of Czochralski model with four visualization methods.



Videos in Section ACr wewhardssci@&el.ohn

1 Acknowledgments & Thanks * Striation Problem solved

1 My Early 25 Years * Strontium Titanate

1 Organic Pigment Dyes * Slider-free LPE +Super-Glovebox
1 Pyroceramtype Glasses * Czochakki Flow

1 Crystal Growth of NaCrS, * High-Tc Superconductors

1 Zero or Forced Convection * My New Projects

9 ACRT * My New Family







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 GdAdCrystals

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

(b).

High

(b) Ekman Laver

SpiratShearFlowand EkmanLayer Flow, Movieat ICCQGMVarseille 1972
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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

AcceleratedCrucibleRotation TechniqueACRT
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- Theory& Filmwith Erich SchukbuBois1971, IBM
- Computer Simulation & Film MMihelcic 1979
KFAJulich
ACRTn Growth from High-TemperatureSolutions
- GJAIG & Solid Solutions, GAAIKECr, LaAl®, KTN
MagneticGarnets SrTi@: H.J Scheel, IBNZurich
- MagneticGarnets W. Tolksdorf, Philips Hamburg
- MagneticGarnets P.Goérnert, Jena/DDR
- Emerald G.Bukin, Novosibirsk
- Pb(Fen.sNbo.5)O3, P(Mno.5Nbo.5)O3 with Hans
Schmid et aland P. Tissot

ACRTn Bridgman Growth (> flatgrowth surface
- Halogenides: A. Horowitz, Israel
- CdTéHgTeSolid Solutions: P. Cappéavlillborook
Southampton UK
- 11I-V Solid Solutions: P. Dutt&®ensselaer
Polytechnic Troy N.Y

ACRTn Growthfrom Vapor
- CdSH.J Scheelynpublished

TemperatureMeasurenhEhfiotcomplete
at Rotating Crucible at highTemperature
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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 KTNPapers: GrowtlConditions

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)

KTNPapers: GrowthResults

|

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
fluorescence
[31] ? Colourless X-rays, ? - Yes Exsolution patterns
microprobe
[32) 360 80 X 80 % 30 (100) and Colourless X-ray 0.01 0.10 Yes B e | I
) minor (110) fluorescence
[33] 710 5X5X5 (100) and ? - Yes
minor (111)
(34] 850 40X 40X 30 (100) Dielectric 0.01 - Yes
constant
[35] ? X @ 15 Pale yellow  X-rays: ? 0.04 7 Cracks
S5X5X2 dielectric
constant
[36] ? 7 Colourless Resistivity ? ? 7
[37 2000 8x8x7 (100) Dielectric 0.01 0.01 ?
constant
[20], see 1400 1000-3000 (100) Volumetric 0.08 ? ? Large strain;
also ref. [8) method grain boundanes
[38}, see 400-2800 2000 (100} 0.01 0.04 ? Mosaic spread 6.02°
also ref. [39]
f28] 220-420 1000 {100} and Colourless Resistivity ? - ?
minor {110)
[40] 4000 50X 5010 {100) Colourless ? Yes Inclusions
[41] 1200 303020 {100) and Microprobe 0.04 - Yes
minor (110)
[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
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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
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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)4&4
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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. BurtonR.C Prim, Conditions fOIf_G_I'OWth

W.P.SlichterJ. Chem. Phys. of Striation-Free
21(1953)19871991 ol Striation-rree
Keff for growth from melts CI'LStalS

1. Flat (smooth) Growth Surface
| 2. Isothermal Growth Surface <AT/T<10
W. Van ErkJ.CrystaGrowth 3 ‘Homogeneous Melt or Solutionann<ios

57(1982)7183 4, Constant Growth Rate aviv<10s
Keff for growth from

solutions
When above conditions are established:

Hydrodynamic Fluctuations are

W. Nernst: Z. Phys. Chem. not harmful.
47(1904)5255
Diffusion-limited growth rate Forced Convection and ACRT
V sD/rd can Assist to Homogenize the

Melt or Solution.
+ PreciseTemperature Control.

H.J Scheebnd R.H Swendsen Evaluation of Experimental Parameteffsr
Growth of HomogeneousSolid Solutions. J. Crystal Growth 233(2001 }&19



YIG Crystals ACRTgrown by Wolfgang Tolksdorffor PhilippsMicrowave Devices

Homogeneityimportancefor magnetic magnetcoptic, ferroeletric, nonlinearoptic and
photorefractiveapplications Crystal Growtland Electrcoptic Properties of Oxide Solid
SolutionsH.J Scheednd P. Glnter, Chapter 12 @rystal Growth of Electronic Materials

editor E.Kaldis Elsevier 1985.



