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Crystal-melt interface behavior during the growth of Cu-base solid solutions by the Bridg'man

method is discussed en the basis of experimental evidence obtained by neutron diffractioon topography.

Advantages of neutron diffraction topography for the characterization of large single erystals,

such as dealt with in this paper, are emphasized,

Evidence was odserved of extremely regular crystal growth along <100) directions, irrespective

of the macroscopic growth direction. This contrasts with the previously believed {110} normal

growth which is a conclusion of growth theory based on molecular kinetics at the solid-melt interface.

In consequence,we believe that the kinetics at the interface is a minor factor in the meltgrowth

of metal single erystals.

Revised melt-growth theory should include both the (100} growth and the

formation of the régular structure as evidenced by neutron diffraction topography.
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Fig. 1 (a) Optical phetograph of the specimen
crystal seen close to [0017 direction, showing
three kinds of striations with jagged profiles
on the surface, parallel to [100], [010] and
{1101 directions corresponding to the traces
of three kinds of {100}.planes at the ecrystal

surfaces.

(b) Small-cut crystal, which was ¢ut from
the mother crystal as shown in the figure.

Table 1 Comparison of X-ray, neutron and y-ray instrument and radiation properties.

T

. Xeray Neutron 7-ray
Parameter diffractometer diffractometer diffractometer
Wevelength range ‘ 0.3A<a<3A 0.6 A<aca A 0.03A<a<0.2A
Angular range ’ 3°<pC80.9° 5o g 85° 0. 1°<65<C1.7°
Linear absorption ‘ 450 cm™! =0.4cm™}, 0.807 em™ |
coefficient for copper ‘ {for 2=1,45 A) (for A=1.5 A | (for A==0,03 A)
‘ 10X 10 mm? |
2
Beam cross-section ‘ smc:\'l%;; 8p§s?ible smaller and larger i 0.2x10 mm?
‘ possible
et e o e S
Volume irradiated J‘ =1 mm?® 2=10°% mm?® ; =220 mm3
..... | - - S—
1 seconds
Best angular resolution 0.05 seconds (0. 0B seconds with 1 second

additional eguipment)
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24'-mosaicity with 2’-collimator, with four peaks {A,..., D), as shown in (a).

(d}

Fig. 2 The rocking curve of 220 reflection with 1.8 A neutron beam monochromated by PG ecrystal of

(b, (), (d) and (e) show

topographs taken at peaks A-D respectively. Exposure time was about 3 hours for each.
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Fig. 83 220 topographs ({a), (b) and {c)) and 022
topographs ((d) and {e}) of the small-cut ery-
stal {a)-(d) and of the as-grown crystal (e).
All taken with 1.8 A wavelength beam, giving
the simultaneous edge-on topographs; see text.
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Fig. 4 A model of the layer-substructure of
Cu-5% Ge single crystal obtained throughout
the present study, It is composed of regularly
arrayed(001}-layer (vertical planes extending
throughout the crystal; dotted curves), paral-
lel to the [100] growth direetion, as shown in
{a). Each (001)-layer has the fine-structures
like fins attached to both sides of the central-
sublayer (b); see text.
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Growth Direction

of (001}
which is assigned to be an unit of the growth,
The growth was speculated as follows; first
of all Z layer starts to grow along approxi-
mately [110] direction, which is in the macro-

Fig. 5 T1llustration layer structure,

scopic temperature gradient, then X and Y

plates start to grow perpendicularly to Z layer

at the level where temperature is lower about

25°C than the top zig-zag plane of the Z layer.

Note that the solid-melt interface in composed
1 (100} planes only.

LTng (bED. s, Huleod Z S5, &Y 2 W o IR

RIS L, X#, YHiMEcHsLTni, $hIE
B, R, YHREST, Ge BEGISC, e
0,19 BRE/NR L, A s (A 7R MR

Ve ZORIUHEEE T ARXIR RS S 7 LY
e L, & RN T B R i X 2 ERTMAH T b
s,

ECAHT, LaRo {100} BRI, Cu- 5 %Ge
a0 FRRSR R B LT, o kD FIERREE AR L
TakicEbha
Lok - (fﬁﬂ Tmm) #RECCHM MM, [

MR (110) T (001) ofsfiz s>

LM ET S,

2o RN, ¥ 25C ORBEETRNT L

T, A% a0 L EOMERE BT RN,

I B
Z i

Wi, PR —EBBESOT, (100) © (010) o
el a0 K, YD A,

9 rok&, X YEOBELNE, BT 2
RS (000 fkaE, ZRER o7z (010}, (100
BEA & B &

ok ZRE OGP ERT B &, B R

i3 {100} e TH N/ Fig, 5 o#Es gI‘_uCD [T Ay i\
b, XL CoMRBEEET, ZEoitdiiof
SRS TRAVD, 71 v P ik
THRELAELEROLEMEERS &, ChAVIERE
BLTOAESHBRNNE,

L R

o 38—

N e N 3o R A R R
D —KERFEEST BT LM INATHS
[’%ﬂ TR TEAT L B L TRT 0, $ie Cu-Ni &

DEAE T mmxlmm BEOEHNOEESEN
%J’Df“\ﬁm, TN, Cu-Ge OIAORAER&Z 5
BaTd, Lo L0TFNoBS4SEML TV IHE
MR BN A {100} T, & A Wid 100y AL D A
FUTOBHITH S, - TERAEICE TS {100}
THREOTREH U TV LEEL LHNTE L, IO
SERRBEROME, S FRE L 110} mkE &
FRT A5, WPMORBTELICELS S 7 P54 b
ORS00 AR OE L E3AAa LT 0 S, isT
FHERBSUR TEIR & LT BRI B Y R
o Kinetics {3, BREEOTIEHNTER TRV EE
Abha

Al-Cu % Fe-Ni o2 @44 THEIL T
B, BBVIETY o4 RS, AT

TR B T O & LR HHIRNE & OB R &
NEH, HAFENEHTFEEE BT - T3S,

Lod L C DRRICIRH ISR IR R s B L &

LT, RNy dm i Al - 7
Hh,

Cu-Al % Cu-Ni
2 f1381.82.10),

B
BT BRE T

b, B b I

HUia-oiin, SRlEOBRIIER LI E
OREGT B A fh\?’fh—(@ Kinetics O] TS im & i,
CNEL { OFH, ARSI DTN RN &
NTWE, TONGTHERSBT TENSICEERL
in ot ST, b oG oo
L-oTHh ZEOIF D (110} FlRE S IFEL T
Lo HEB I TOMEETNT Ao iTRE L BIOM
OB EISSNER EEZ T D, 55 E i
TEMT Y R T HAEES T R & IR A

RS, {100) 0 LS & » A PigseER iR
g B AE B,
~F L CT LW‘:L. —REBASE IR £ <
& o Eo i, WA NS ERR SRS
HcB LT, J’*K@;ﬂé]iﬁé THEMOPENE R

Mo, Ll P T NET > T E
T, SeORMEI L - TE oMMl 558
SILGN, CALRHAA B LT s e -
Née G ZOBE S oA TREOIEEED
Bz 20T HERED ST DL THS

X

SR (1977, E

[E;KG) %H

P TR

D kINEE

—80 —



— 40 — AR fpds 143 (1083)

2) K. Kamada: Prog. Crystal Growth 3 (1981)

. 309. 6)
3 I Jin and G.R. Purdy: ].Crystal Growth, 23

(1974 37. 7

4) #ZeE, IS Langer: Rev. Mod. Phys, 52 8)

{1980) 1. 9

5} A. Freund and J.R. Schneider: in “Drei- 10}

Linder-Jahrenstagung iber Kristallwachstrum
und kristallztichtung ™ Kernforschungsanlage

4D —

Jilieh, 17-19, September 1975.

H. Tominmitsu, K. Kamada and K. Doi: Phil.
Mag. 38 (1978) 483,

H. Tomimitsu: ibid 43 (1981) 468.

‘B 15 JAERI-M Reprot 9930 (1982),
T L BAERS AEE2L (1879) 181,

. Temimtsu, K. Kamada and K. Doi: Yamada
Conference, 1982, Hakone.




