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Interaction of steps determines step distribution of a
crystal in growth (melting) as well as in equilibrium.
Thereby it controls the growth law and the crystal shape.
Among various kinds of step interactions, the molecular
potential of the rigid lattice, the elastic interaction and the
interaction due to statistical fluctuation of steps are com-
mon and believed to be important. They depend on the
step distance d as ~d "** (n: power of the molecular poten-
tial), ~d—? and ~d~?, respectively. In a quantum system,
a step is viewed as an oscillating string accompanied by
superfluid flow. When there are many parallel steps, the
oscillation spectrum is modified by the interference of the
flow, and as a result the zero-point energy increases,
leading to a ~d~? repulsion of steps. In helium crystals,
an estimation shows this quantum interaction plays a ma-

jor role at low temperatures.
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Fig. 1 Cross section of a vicinal crystal face. The step
density n(x) is related to the orientation 6 as
tan 8= —na.
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Fig. 2 Ciross section of a facet edge. The step interaction
determines the shape near the edge z(x).
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Fig. 3 Steps of a distance d. Compared with d—c0, the
molecular interaction between the pairs as shown is
missing.
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Fig. 4 Phase diagram of *He. Crystal growth at 7<1 K
is essentially quantum mechanical and proceeds with
little dissipation.
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Fig. 5 Flow patterns near the oscillating steps. The antiphase oscillation (right) re-
quires a shorter flow path and thus smaller kinetic energy compared with the inphase

oscillation (left).

1 h h
?E2°—E°=T Zq) (g4 +w,-) Y ; w,
sVn n [ B (n/d)?
zleﬂa%ﬂmwmm
(27)

SR BT ERET IR T » 7HRD 2 F
CREBITHRART v vV THB.
EROTPEHE2RDD X5 BETIIAT » 7
PR BEAVAKEZEDAT , T 1 AY D=
FAF—({LFERT v ¥ V) DMEC . IR
dTCYyBCFEAREAILARAT » TH—OF O
REErI —EBZ R TS T /5 v T ViR
2RILD7 — Y =FHa%i LT

1
L= 21 [M, 14,1 =By’ |x,]] (28)
9

EEBFD. MR ORBORHEET
M,=&pad*/n-Q e [K,(lg&])d,

+K,o(|ng,d|) (1—4,)] (29)
LB, [ I AOEIHIZIIEADAT » 7T
D, B2EIPErEKBDORT , 7L OFhoT
CEXBHATHS. G327, 7E5 Licizfuoie
B XAHEEFERRITVWIDEREBELTVS5DT
(28)DE2HI 1A L1 EADAT » 7OBEHMIT I B
BT VY ey NDRTHD. D% h y FREDFEIZIE
AT 5 TOBENG L HETHVEL 2, xHA
DEIIAT » 7HREE 2 5123 Ie D TEILIX
B, (8)ENSZDAT o THOEE T —
[\

wz2=pq,} /M, (30)
CEXoTRED, ThifE-> CRAREBO=F A

Vol. 15 No. 3 &4 1988

(277)

F-LHETES. R - FXEER(gd
>1) TREBMORT , 7(24) LR ULESR, RE
BRTRAIM, 3 qDHREC L 5T

__ A~ B4 , gd 4
qu_(p!_pl)z 2 99, /<1+7t In f)
(31)

LD, ZDOARZ AT LciERLEE
UNeHtbd, BAEORF AR L CRE
BINRFWCT, aqpa, ¥xThXThA7T ., 7EF
7, BERAEZ (DFHyHRE xFHRA) KHEHID
AEYHl>7 a (=a+da/dd) LT3 &
ay=pd/da®, a,=0 (32)
THBHLDI, y FAC DG EHEFEOENED
nTw3. CHROFTRBED DR X FLHIZ
AR isvA, ThiXRELAT » THEER
BOBEGORILEAR7 b riestT5@IEE L
THLRTVWBH0®THS. (30) % {F > THIE
BT AHEOFBARS =R ¥ - %5HELE
DB ARAT » TEERT v ¥ o ANOEEE TN
5 EQDNANEERMCTS Bt ic» Tuv%.
2% h, ATy TOESRBC XM OTEL
LRNAD LS AT » 7RO 2 T R HFIF
HHEFRA=FAF -2 ET B Edbh 5.

§5 REHEIFROLE L EROTR

WAHWAKRBRDOAT v 7THEFARSZ Z &
HRTELDR, T~V 20BERT(EES
DRETFRHEEER» DD 5 2E—ombh il
eDT) ThEZhOHEEFRAOKE I %FHE L T
A X5 RFRIEEERIIL7 > v F - 7—1A

17

NACSI|I S-El ectronic Library Service



The Japanese Association for Crystal

BINTHRTRMRa=3x10"8cm Z{# > T

d(r)=—2.4%X10""(a/r)’ erg (33)

K BLWTHB. A7y 7HOHEERAET v+
VERFRETS &

Uyw(d) =8x107°(a/r)® erg/cm (34)
NGNS, BRIEBFRETFREOEILICLS
HEFERR . BERAEEEREAREL 5 2
— Z 03B > CIEBTITR E g A

2
Uy(d) ~aE (%)2"’10"10 (%)2 erg/cm
(35)

DERELBELIS. T TREABNRK a1~
10~ 'erg/cm?, E 3 B ¥ & B ~108%erg/cm?® T %
. RICAT o 7OBEDL FC X 5 HeTHHEEIE
A5, BETDOAT » 7THRENDBOHE
fH'PB=~6X 10" erg/cm % {H 5 &

21 /kT\?
UM@=%§(§) (36)
~1.7%107"T*(a/d)? erg/cm
(B T DEANIT K)

TH5 ((15) THRE L BRI E TR
BRTWBH20), ~) Y ATIE§3 TR IS
BEFVINEELTA=0KDT, Fv 704k
B RN F =% > o UD)IIFEL V. Zhic
XLQNOBFHHEEIFRAOKE Jide=(p,—
) /p=0.12, p,=0.17 g/cm?® & {# 2 (¥
Uy(d) ~107%(In d/€) ~%2(g/d)%rg/cm
(37)

THbH. OB ETCOHEFADY B
d>o, DFbhH7 , vy FABEOHAMETEDL A
Bl DB, i, ETF03I@EO /I ORFKTN
720, BRECREFELECI2HEEFA RS
BEC B HEELADS. FOHEER MBI
LAAT o 7OLERT v 2 AT GB)R T D
1ROFZHTZ X TeDT7 » 2 » PEBE
DEREE LTzl NFHEINS.

EROC AT v 7HIOHEERXEERD LD
RS S RE, NV U ABELEHVCHED
MAEHOBREI ER, A7, THEFRE LTH
HENLBHEINEZDL—HTHLOILELRT
WBW, ANY T A E—awAT y THRAINE L
CHAKERBCREIR®E LTS, /=7

18 (278)

Growth (JACG)

NEAIXNhS. ChoBHnrs, 1EAORT , 7
DREN, BEORT o, 7T EOBEERHOBMI, 5
vy ZEBRENRAXLGRAZY. o (115 H
EA1INHEHETORT » 7THEEHOBRIOL
2N, BMENDHLHRIRSZLDE—FHLADOTH
5.

7yt y PABOKRENALAT , THEFH
HHRLL S ETHRLZIIL OB BHLY, ~
V7 ATHREBEDOZ E TR TWBYD, ZDHE
BTV —¥—XOBGRE CONEED A%
BIE U CHS b O B % IEREIC $r 5T (0001) ML
BOERHEERD T 5. FHRIZ e’ THRH
CFBRIhB30EFETSH. I, 1 DDOKE
BT EREE(T=1193K)» 77 = v 7R
B(T=1.28K) 127 » o FRRAT , 7K
RELCRTHS. OERDHLZDREETDA
T 9 7= R AF — % B/a~5%X1073 erg/cm? TIK
B COHEMPB/a~2%x10"2erg/cm? L b b 3 K7
H/PIVDT, HADAT » TxIT- & X
T 51ix10 3 rad LA FDO/N X s ABE TORIED D
BTHAS. ZDEKRT, b-+BRT7 >+
FAORELICREETo\ & EEBREE O S TEE T
H5H., TOFEBRTIIKEL7 >y PR T
5X5R2BD, THhHIFHETORETI LR
b, - tERTLERIEDLO VLW
SW|MEL D VY, 5K ETBHLE 2cl LT BR
R KEHTHS.
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