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Abstract

Morphologies and growth rates of spherulites grown on amorphous selenium in a
temperature range of 33 to 189°C, in bulk and in thin film, were examined under a photo-
and electron-microscope. Electron diffraction reveals that the c-axis of the crystallites is
in parallel with the substrate and perpendicular to the radial direction, which indicates no
twisting lamella texture. Abrupt thickening of the lamella formed in the spherulite is
observed above 120°C in the bulk samples. The growth rate along the radius, however,
increases monotonically up to 170°C and then decreases, which is explained satisfactorily
from a view-point of nucleation theory. For the bulk samples growth rates under illumi-
nation are at least one order of magnitude higher than in dark conditions. While the
spherulite on the surface of bulk samples grows in three dimensions in dark, under illu-
mination it grows in two dimensions with a thickness of about 1 ¢#m. The thickness 1 ym
corresponds to one absorption depth of amorphous selenium at 2eV, which is close to
the dissociation energy of the Se-Se bond. At the substrate-film interface the growth
rates are higher than those of the bulk samples. However, the former is not affected by

illumination under the present conditions.

L &F 0 &

JER AL VLI 3 A FSR AT AD DT D, OFRDH 5 AL, 1968 40 Ov-
shinsky O ED LUK, &N A 1o v 2B L ONF 0 A= 0, 72X A= v M E oMk 5
WG TS SR T3 006 4 & ) YERIE, ‘)’L: & A E O AL BT B & E T B30,

Jffn‘n v V”%’;'u'ﬂ‘lﬂ_‘}q& /Jl)ﬂ,”fn J HELU SRS 2 &R X T %089, fhik
OWLSEHIIE, A H/VC, FREMDELE NS, F o, LD EM)E X

TSRS PR A B T P Ry B i s
RO (G RRAE R  A
BEOSAT FY DA b v & A v AL




20 R EFEEDE - FRTED - B - DEE R 2

MoOWE & HEML T LB RO TLEL AT A RGIIERTHETY, JEf v v
i, & LT (-Ser), UG L 0 TETHADTESTE & KI5, Ses RS T4 &
ATHDH I & Se RO Sl ENE S TR & B b, PHEIVE T L R A R
CE b:fg Z)‘J,l())o
4:4)11%'5’6‘@ JEdh e v v ORISR L, BREL O BRI & SRR O ST £
gL <H7ed o &, Folkiho R R %Lb« LRI RETORESD L4 BV RIE
'ﬂ“ Y 5] ] T@J}wm WROBHOBHE I h T 5

2. EBR AH &

HliHE 99.999% (Fuehlizk) OB E BT, ot 7 RO TREEOIER BB 2 ER L 12,
e OFEHNC G E AR GEUIRG T (-Se-)y DEIG L, BANC TIRILRAE Hvioy 2 AL~
Y W X D ME L 7o,

7=y 9 AT 250°C 4 30 47 MR A Ltfé' O°C i LS 7 3R & v, Faic I
WS AT R AR DI HE & R %, )XWY”‘)’(:/ BABEEC X D B e, F o, i o S BATR
A s, B X 2 pm DRI L T%'ﬂ)iﬁx E DRI X N R DO LEE & R A,
SER I S I L fo, Efbicid, BEE oS I oW e/ MBS (20.5°C THIE) & s,
33~189°C OISR CHEL 72, BEMBIEHOEMICIE, 12ZWD R v 7 AT v w7 a v
WL ToOHBES2 Leh, SRR oZEC L - TREEE BT L0 CEOMMIER T
7o, MBI 250 W OB IE AR & O, SHBEEEB O RA ol U TR R i 2 BE L
foo TofEL, FRIFHLIRIE 1% OHALE B 7 2 — T D BRI

T RRETHORENT, 75 ABEPICE X 2000 A o BB A BA, BB O L T
i b7, FREEREE 100°C £ 125°C Ty, o BB KBRPICE L, 2D b7
B AL LT,

S 2 EBHE A T AR B A L, 400°C 10 1B S, 100~ 150°C DB dC T &
5, W LB TR bR e, F ok, WEA B L BRGEOEE A C-Cr "L 7Y 7
BAC X DI L, CriCl By Ko A v 27 OMEL45° Ch - 1,

3.1 Bmo#sE

A) RPEMBCEIDIBE: Fig L2 7 30 OE R 2 W S e Sl © Sasasids
Ho WA AT, Fig. 1(a) g, 90°C, 3BFRIMAL 22 & EIBR X hi g oKL TH 5, 100° CU\
T B AL RIS R B B & i b, Fig 1(b) ik, JEWE T 100°C,

3B Lo & FIERE N ERBDOEETH D, FEHRHEOLO LB BRI, Tk Y, X
H‘-«) 7o “sheaf-like” T, Jghk oM LB MO T %, Dresner & Stringfellow® pi Y6
YF R TSI I, ¥ 1 Fitton & Griffiths? 2373 ABE & o0 27 30 o B il IS HE & 47
BRSO IZHE & AL T 5,

Fig. 23 7 @Bt o sk o Wi A x4, Fig. 2 (@) (1 IEWSE,  100°C, 67 /5MmsL 7o &
C, BRI A VERRIR IO S T B, Fig 2(b) ik, YGRS, 130°C, 7 4 fmd L o8& C, i
(&30 60 pm, BEEHY 1 pm OPLIRO TUOCERG IR E T D, O R ISP S
MHERGTERINCTHh B 2 sk b d, 80°C THEM L 72112 60 pm O ERAT DT A2k
O XL L pm TH - 7o,




3 Fdh = v v DR & EIR S R 21

(a)

20um
Fig. 1. Spherulites grown on the surface of the bulk samples

by heating (a) at 110°C for 3 hr in the dark condition and
(b) at 100°C for 13 min under illumination.
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Fig. 2. Fractured cross-sections of spherulites grown on the free
surface of the bulk samples: by heating (a) at 100°C for 67 min
in the dark condition and (b) at 130°C for 7 min under illumina-
tion. The arrow indicates the cyliderite.
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Fig. 4. (a) Electronmicrograph and (b) electron diffraction
pattern of a spherulite grown on thin film.
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Fig. 5. C-Cr replica showing cross-sections of the pherulite in the
bulk samples: by heating (a) at 100°C for 1hr and (b) at 126°C
for 1hr. The arrow indicates the lamella thickness.



5 JEdh 2 v ok e SRR 23

3.2 BaliREEOREKRTFHE .

200°C 100 20°%C

% < OWMES pURT L 51, WAL L Bk T T T TR T T T
DR, MBERE-~Eo £ &, B IEOIL T
WRUA, 21T~k 912, B OBO 2 / q
PRGIZ X 2 R IIEL T bR R M ZT%R\
G DMEK T Fig 6 i, < sitior  _ f AN .
FHCIZIR S MBS, ERH ORI 2 b s
FUOC (R lik xRS, Lal, Goffuxt = °fF o\
N L T—HLL LR E (T b, Tk °
L AT IS log Gocl/ T OB 23R 5, = i
T ORET o R O L o ~ ik o dork
WG X p e hE i s, 2T umination %\"
BB DT, GOENEL SR EL o '
130°CHL R TR A FE 3 & TIERMETH - 1o, 2.0 2.5 3.0
BRI dkdb T 528, AR log G e 103/ T
YT DBfRERD D &, TORRIE L 7 OB Fig. 6. Arrhenius plot of log G, where
L oL w5, 1, GokE X, st amorphous selenium crystallizes under
XTI AL S R e four different conditions.
TRHRIC, RRL To -3 2 70 & NSRRI Table 1. Solubility of amorphous
DO IALR T3 B B E % Table 1127”4, selenium in carbon disulfide.
7% WL EA BT 5, 7B O quenching condition f wt. %
FRIEUSANS 5 Wl e BT 5 £ & ORI o T
Lo THME LD, THERAFHICSERD 400°C—0°C 105
Se DFRDORWHT NS EFR TS E 4 2 220°C——0°C 14.8
IBHinbT, WHIhB0m Se Bk Fis Lo 400°C—20°C——19%6°C 224
45\ Se SRS TCh B, evaporated film 100

4, = %=

L v R OBERBR BTl Z H, AR O X 9 E LD RIS X » TR ONSHER
BRIV LHEMTEL S, REDOEEICOWTE L DWRAHBIZL bbb T, KER
J FIBHE L OBEPEIZ DL T b LWL Z g TR b itious,

3.1 Cili 7 X 57 “sheaf-like” 7o bk o MEE L — RS LREE N R D TESH LD
TdhhH, Tibb, ZHBIENHE T CLEMUBENE L2 BN 50, ) T
WRHE AT D & &, Fig. 1(b) D X 5123 L < sheaf-like DR A A EbH T, <1 7 DI
vy AT AR E ORI T 5 RS RS SRIICR & T sheal-like DG %
BV, FEAEWE LM OBEROIRIL Fig. 6 72 Bdoh D L 5 ISR HEE A HA k& v o TS
IR EEE Y KEL THMEIrOEE R D D EHFE LB N DL, Lol, BEOLEDEER
sheaf-like LI E 270w, A2 &

& TiL Se DR GG F ORI 0 B B T L,
Table 1 X Ddon b2, O ENBRBICEEYE L THBEhL Uiy, e, #ER oS
BRI CE AREHEE O Kk X VR E R Ly regular type C, W@ % “cylinderite” fi#
FEY T B RSB O S dut e b,



24 R RRIES WSS - oER R 6

L VRO BB, CHE TR TR SR IG SR B T E b ek T

W3 Tk X 5D, {V/Lhm*®7)<7#mw}me IZhUNZiEY & T o
AL REEAEIRIE A 120°C Bl ko35 &, Ry o RCERCIEE 2000A »35 43 AT L

2 DI X VRTINS 2B L T Z)V)f)\m] W OMEIC L b BB, Zofdicd
ATENEI200C & 85 & U CAMIIELd 2 & 2o 5%, 2o ik Crystal?®, Wunderlich
WS LI wr VIR TGRS T L o T, 1200C LS B E T 4 5 OFRT
AL L 2 0, FAUs X o TEHRBZVER i & & 4, 2 O BEE T H (BA i o o fidim) b

R E R B AL D EHE 2 B Rh, Hamada® 13N EEE G OREREE D ¥/ 125°C
f~J‘1'_rf‘/l\,&nvic0-f£ HEMEL T AA, Fig. 7O DIET — % TRt s2 < Wb
g,

B TOEG T, #aboBBImNERLE LD THEMTH 528, RREE ORIEERE
Mﬁ’“ P L e A R T X o TR S T B2, v vERBORE#EIEL Fig. 70X 5
ZHDHWETH AR L OHEIM BRI B, O L bEESBIEEERKCL L SnTnD

EE2Thv, 2OLZONERE Gk tEaLbnd

N ~ ,..,JF C’j e , — / !
111 () = 1n (7() ]67 J 1 [ [ . (\ 1 )
I T, Golilb B, JE R EA L TOMEON L= x o F—, 0 AT 1omR

JEC, T AR T S BRRREE N RS Z b 2 20 () KB =ZHEHbba b, —,
(CL G SE R IS LT S D, BT DTk, & TR O R Tt - B
ey b O R BRE A R 2R & ACE ISR U RS $E 9 & LT, Williams-Landel-Ferry
O (WLF ) CFh4 2 L pnC&, FIHEIR

RT
THEzZbhD, 2T Tk s AEBRE, Cf Cn 5 4 — 24k, ThF 1744, 51.6 Dff
Wk B, Crystal ik Se AW OB GREOWESEN QO RKELTDF EHAD I LI L - TEL
B IS EHMEL T2, Q)R L EiRER TS5 & R EORB OG- 31
F - AERJPCHRTH50C, I ChEdEATL &L EERMTInG 28 T iz lb il 7o
7%, Fig. 6 ORI KR Tl b R ER M 2R L T, LIchi- T, fifaiboififkib=
nF— ARG Q)N ERL DV MEICETFE LW EEL Th v, ok 57fitEnd Lo, Fig.6 o
FIEA B R D ICIEME L = v ¥ — Dffis Table 26852 A, 34 7 BRcs U CIEWG F ok

—2.308-C4-CY(Cy-+ T—T,) (2)

Table 2. Activation energy of crystallization.
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present authors 1.02
Sato & Kanekol® 112
Keck! 1.05

Hamada et all¥ 1.08

substrate-film interface

present authors 1.47
Kim & Turnbull® i 1.42
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Fig. 7. Variation of (In G+4I/RT) Fig. 8. Temperature dependence of
as a function of (10/47T-T). radial growth rate of spherulite.
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