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07.89 THY, STEOCTURE OF BDRON— AND PEDSPEORUES—
DOPED AMUEPHEOUS SILICON THIN FILMS. By D.R. ¥cKenzie,
D.J.H. Cockayme*, I. Liu, D-M. Dwarte* and S.A. Song*,
School of Physics and *Electron Microscope Umit,
niversity of Sydmey, RAmstralia.

The aim of this diffractiom study is to derermime
whether there is a proncurnced differemce im the manner
in which P and B are incorporated imto the amorphous
silicon metwork. Self-swmpporting specimens, S0mm thick,
of pure and dopsed a—-Si:H were prepared by glow discharge
decomposition of silane with phosphine and diboranes.

The electrom diffraction intensity I(s) was collected im
a Philips EM43C electrom microscope operating at 300kV,
using an electron emergy loss spectrometer to remove
imelastically scattered electromns. The intensity was
processed (A. Sproul, D.R. ¥cXKemzie and D.J.E. Cockayne.
Phil. Mag. B 54, 113 (198%)) to give the radial
distribution funcition
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The G{r) for ﬁneavily phosphorus doped a—-SizH (29% P as
determined by EDS) and for heavily boron doped a~-SizH
(39% B as determined by EELS) are shown im the figure,
together with the G(r) for undoped a-Si:H. There are
obvicus differences between the effects of the dopamts.
In the case of beron, two adjacent maxima inm G(r) occcmx
at r=1.90:0.053 and 2.37:0.02A. Detailed analysis shows
that these cam be interpreted as a superpositiom of
peaks close to the neighbouring atoms in the borom
icosahedron (1.80R) (L.S. Palatmik, A.A. Kozma and
B.A. Mechitailo. Sov. Phys. Crystallogr. 28 73 (1983))
and to the Si—Si distamce in the awmorphous silicom
{2.37&). Im the case of phosphorus, the first maxismm
im G(r) occars at r=2.20:0.023, which is significamtly
shorter than the first maximun of undoped a-SizH at

2. There is mo broademimg of this pesk, and
hence no evidemce of Si-Si bonding at the umdeoped
distance of 2.37A. The maximum at 2.2%3A probably
corresponds to the $i—P distance. The P-P distamce is
approximately 2.232 im elemental phosphorus (X-H.
Greenwood and A. Earmshaw. "Chemistry of the Elements?,
Pergamon Press, Oxford, 1984, p. 354). The compound

Si P is known {Von G. Fritz and #.0. Berkenhoff.

Z. Bmorg- Allg. Chem. 2838, 230 (1957)) as am amorphous
solid, formed by heating phosphine and silane together.
It is gumite likely that the heavily P-doped specimen
comtains this compound as the primcipal constitwent.
Simce the peak is marrow we deduce that this compound
contains mainly Si-P bonds and few Si-5i or P-P bonds.

This study indicates that heavily B-doped a-Si:E contains
significant amcounts of B im the form of the stable borom
icosahedron. As a conseguence B is not uniformly
distriboted throughout the network. On the other hand,
in heavily P-doped a—-Si:¥, phosphorus remains bonded to
silicon in a mopdified metwork.
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07.8-1 THE ORI ROMBIC/MONCCLINIC SYMMETRY CHANGE IN
SINGLE CHYSTALS OF ZHOLITE ZSM-5. By H. vem Koningsveld,
H. wan Bekinom and J.C. Jansen, Lsboratories of Applied
Physics and Orgenic Chemistry, Delft University of Tech—
mology, lorentzweg 1, 2628 CJ Belft, The Netherlomds.

The structure of a large (200x150x250 mpm) orthorhowbic
(Poma) single crystal of ZSM-5, including the template
ion (tetrepropylemmonivm) is presented. Comirary to
literature datz the propyl-Fpropyl frageents pointimg
imte the sinusoidal and straight chamnel botk have CNCC
torsion engles arcund 60°. The template iom occupies
fomr positions in =2 disordered way: Gwo around m and
zmother two mrownd 2 ’psendom’ perpemndicular to m.
Iray photegrephs aere shoun of crystals of ZSH5 (Si/Al
= 300) im the as-—synthesized swed calcined form . Cal-
cination chenges the symmetry of the crystals to momo—
clinic. Fig. 1 shows details of rotation photogrephs
around b of a calcined crystal of IS5 at different
temperatures. The reversibie momoclimic/orthorhombic
tramsition (mo hysteresis; tremmition temperature = 330
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K), previoesly studied with ¥HD and Silicon MMR om pow—
der samples of Z$4-5, is clearly chserved. The ortho—
rhombic single crystal chemges into a momoclimic multi—
domain aggragate when the temperature is lowered. The
domains have common @ and © aves while, altermetely, o =
390.5% or 89.5%°. The deviaticm of « from 98° is ceused by
& change in the direction of » in the {(100) plame. The
change in the direction of & can be realized by a shear
of the (010) pentasil layers alomg [001], imduced by a
distortion or displacement of the T, and T, rings inter—
conpecting the layers (Fig. 2). Both shear deformations
have equal probability leading to a twin domain struc—
ture givem in Figure 3. The space group of the mono—
clinic phase most probebly is P2,/n.1.1.
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Fig. 2.
{100} Pentasil layer
showing Ty zmnd T,

framework is compiet—
ed by linking neigh—
bouring {(100) layers
via symmelry centers.

Fig. 3.

Part of the twin
) domain structure in a
y monoclinic twinned
{calcined) crystal of
ZsM-5 seen along
f100]. Deformed {100}
pentasil layers at
both  sides of m are
m heavy dark outlimed.




