
Post ers - Experimental

P43
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The pa per ac cu mu lates our novel stud ies and main for mer
data on novel microstructure with un ex pected, dis lo ca tion
in de pend ent, reg u lar in ter nal bend ing of the crys tal lat tice
planes [1]. Usu ally it is re vealed in thin films or lay ers af ter
amor phous – crys tal line tran si tions. Such per fect crys -
tals/grains with reg u larly curved lat tice (built up by si mul -
ta neous trans la tion and small reg u lar ro ta tion of the unit
cell) dem on strate a new “transrotational” [2] type of solid
state or der re al ized in thin films. It is pri mar ily dis lo ca tion
in de pend ent and takes place round an axis (or 2 axes, Fig.
1) ly ing in the film plane of the grow ing crys tal. The max i -
mal val ues cor re spond to es sen tial lat tice ori en ta tion gra di -
ents (up to 300 de grees per µm) re sult ing to sev eral whole
ro ta tions for the crys tal about 10 µm in length (in film
plane). 

Thin (10 - 100 nm) crys tal lized ar eas with we study
vary from small crys tals (0.1 - 100 mi crons), rib bons, whis -
kers or spheru lites to large-scaled polycrystalline ar eas
with a com plex tex ture. They can be grown with the help of 
heat treat ment (or ag ing) and lo cal an neal ing by fo cused
elec tron (or la ser beam) in amor phous films of sub stances

of dif fer ent chem i cal na ture in clud ing ox ides,
chalco gen/ides, some met als and al loys (with or with out
amor phous sublayers and overlayers) and are sta ble with
years. The films were pre pared by la ser, e-beam and ther -
mal evap o ra tion mostly with thick ness or/and com po si tion
gra di ents across TEM grids (to study these fac tors di -
rectly), solid state amorphization, py rol y sis. The main data
have been ob tained by TEM, pri mar ily bend-con tour
method [3], in situ stud ies, and HREM with  EDX, EELS,
CBED used in due cases. Com par a tive TEM-AFM stud ies
were per formed for definite transrotational microcrystals
in amorphous matrix.

Op po site to other un usual reg u lar nano ag gre ga tions of
at oms widely rec og nized by the com mu nity in re cent 30
years (quasi-crys tals, fullerenes and nanotubes and other
nano de riv a tives) our less known “transrotational” crys -
tals/struc tures are less con fined in di men sions. Bent atom
lay ers in fine ar eas can be de scribed as sim i lar to that of hy -
po thet i cal 2.5D halves (180°) of end less (con tin u ous in
film plane) multiwall nano- tubes/on ions/tori. The ge om e -
try and the mag ni tude of transrotation de pends upon the
sub stance, film prep a ra tion and crys tal li za tion con di tions,
ori en ta tion of the crys tal nu cleus, pres ence of the
sublayers, com po si tion and film thick ness. In situ stud ies
in par tic u lar in clude HREM of amor phous-crys tal line in -
ter face prop a ga tion dur ing crys tal growth and mul ti ple re -
vers ible lo cal trans for ma tions “amor phous – trans ro-
tational crys tal line” in side the fin gers in Se-based vac uum
de pos its, Fig. 2. Dy namic changes of TEM dif frac tion con -
trast (re vealed by anal y sis of the video for the large Vg) fit
the mechanism of transrotation formation based on the
surface nucleation that we proposed earlier.

Most sub stan tial are sev eral ex am ples of “trans -
rotational sin gle crys tals” grown in the ab sence of grain
bound aries and dis lo ca tions (See – Fig. 3, Te and
chalcogenide whis kers/nanobelts, e.g. CuTe, right on Fig.
4) and also other per fect crys tals with lim ited im per fec tion.
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Fig ure 1.  Reg u lar changes of lat tice ori en ta tion re vealed by
TEM in thin crys tals with 2-axes lat tice bend ing (left) and cor re -
spond ing scheme of in ter nal bend ing of lat tice planes (right)
shown in film cross sec tion. 

Fig ure  2. Some of TEM im ages of mul ti ple re vers ible lo cal trans for ma tions “amor phous – transrotational crys tal line” (see dras tic
change of con trast in left fin ger) in Se-based vac uum de pos its. Ini tial mag ni fi ca tion 10K.



Atomistic math e mat i cal model (based on conformal
trans for ma tions) for the atom po si tions in “transrotational”
sin gle microcrystal and the prob a ble phys i cal rea sons are
dis cussed. Transrotational microstructure can be con sid -
ered as an in ter me di ate be tween amor phous and crys tal line
(like wise the struc ture of liq uid crys tals, in ter me di ate be -
tween crys tal line struc ture and liq uid one). We re flect it as
one of the rea sons of easy phase changes in chalcogen-
 based films which tend to crys tal lize in such man ner.
Transrotational crys tals dur ing last years have been even -
tu ally rec og nized/stud ied in a large va ri ety of thin film sys -
tems: Se-C, Se-Te, Sb2Se3, Sb2S3, Ge-Sb2Se3, Ge-Te,

Tl-Se, Cu-Te, a-Fe2O3, Cr2O3, Co-Pd, Re, W, car bides,
amor phous met als, ferro elec trics, etc., in clud ing
well-known chalcogenide com po si tions [4, 5] used for op -

ti cal mem ory (CD-RW, DVD RW disks) and pro spec tive
for other mem o ries.
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Fig ure 3. TEM im age of transrotational Se sin gle crys tal (left) with one of the se quen tial SAED pat terns (right) from the zone-axis pat -
tern marked by se lected area 1 µm ap er ture. 

 

Fig ure 4. Schemes of transrotation ge om e try with the TEM im ages be low: Se, Fe2O3,Ta2O5, C+Se+C, Cu-Te. Bar = 1 µm (where not
spec i fied).
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In Al–Pd–Co al loys in ves ti gated re cently [1-2], more
struc tur ally com plex phases were ob served, e.g. the ter nary 
monoclinic U-phase, the ter nary cu bic F-phase, and

orthorhombic phases of the e-fam ily. This is re flected in
iso ther mal sec tions of the Al-Pd-Co ter nary di a gram at
700, 790, 940, 1000 and 1050 °C pub lished ear lier [3-5].  

In the pres ent work, more Al-Pd-Co al loys with var i ous 

metal com po si tions an nealed at 850 °C for 500 h were stud -
ied by scan ning elec tron mi cros copy in clud ing en ergy
dispersive X-ray spec tros copy, dif fer en tial ther mal anal y -
sis and X-ray dif frac tion. The near-equi lib rium phases
formed af ter long-term an neal ing were iden ti fied and tran -
si tions be tween phases on con tin u ous heat ing/cool ing were 
also de ter mined. The ob tained ex per i men tal re sults were
used to pro pose the par tial iso ther mal sec tion of the
Al–Pd–Co phase di a gram at 850 °C not pub lished till now. 
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Tay lor phase in Al-Mn-Fe sys tem is a com plex inter -
metallic com pound use ful for the con struc tion of ther mal
mem ory cells. The ther mal mem ory cell is a new con cept of 
in for ma tion stor age, where a byte of dig i tal in for ma tion
can be stored into the stor age me dium by a pure ther mal
ma nip u la tion [1]. For this pur pose a thermodynamical de -
scrip tion of Tay lor phase in Al-Mn-Fe sys tem is re quired.
Iso ther mal sec tions of the Al-Mn-Fe phase di a gram at se -
lected tem per a tures were re cently pub lished by Bala -
netskyy et. al. [2].

This con tri bu tion is fo cused on the study of iso ther mal
sec tion of Al-Mn-Fe phase di a gram at 1000 °C. At this
tem per a ture the Tay lor phase is still sta ble in bi nary Al-Mn
sys tem.  There fore, sev eral al loys with dif fer ent chem i cal
com po si tion were pre pared by arc melt ing, an nealed at
1000 °C for 330 h, and in ves ti gated by X-ray dif frac tion as
well as scan ning elec tron mi cros copy in clud ing both en -
ergy dispersive X-ray spec tros copy and elec tron back scat -
ter dif frac tion. The ob tained re sults were used to con struct

the par tial iso ther mal section of Al-Mn-Fe phase diagram
at 1000 °C. 
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Sin gle crys tals of al kali based ferro elec tric Bi0.5(Na1-yKy)0.5

TiO3 (BNKT) and Bi0.5(Na1-yKy)0.5 MnxTi1-xO3  (i.e Mn-
 mod i fied BNKT) were grown via flux method. Crys tal
sizes var ied from 5-8 mm across in case of BNKT and were 
yel low in col our. Large sin gle crys tals of 1-1.5 cm across
and brown ish black in col our were ob tained as a re sult of
Mn-dop ing. The crys tals were found to show max i mum
absorbance with a broad peak in the UV-re gion of elec tro -
mag netic spec trum. Di elec tric stud ies showed a dif fused
phase tran si tion for both crys tals with phase tran si tion
max ima at 310 °C for Mn-mod i fied crys tals at 10kHz. A
wide di rect en ergy band gap of 2.23 eV was cal cu lated for
BNKT sin gle crys tal that in creased to 2.61 eV in case of
Mn-mod i fied BNKT crys tal. Photo luminescence spec tros -
copy was used to study the translational sym me try and na -
ture of as so ci ated de fects or im pu ri ties that break the
pe ri od ic ity of the lat tice, per turb ing the band struc ture lo -

cally. A broad spec trum with blue-  green emis sions has
been ob served in photo luminescence study of BNKT and
Mn-mod i fied crys tals. Pure BNKT crys tals showed a high
piezo-re sponse with pi ezo elec tric charge co ef fi cient d33 of
216 pC/N while in Mn-mod i fied crys tal it was found as
high as 202 pC/N. Me chan i cal strength was tested on flat
and smooth sur faces of BNKT and Mn-mod i fied crys tals
us ing mi cro-in den ta tion tester with var ied loads and dwell -
ing time. Meyer’s in dex (n) de scrib ing the re la tion be tween 
in den ta tion size and load has been used to es tab lish the na -
ture of as grown crys tals. Meyer’s in dex n was found to be
1.17 for BNKT and 1.15 for Mn-mod i fied crys tals es tab -
lish ing hard na ture of grown crys tals ex per i men tally.  This
set of ma te rial char ac ter iza tion sug gests the use ful ness of
ferro elec tric BNKT and Mn-mod i fied BNKT sin gle crys -
tals in sev eral op to el ec tronic ap pli ca tions.
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De fects in crys tals make richer their prop er ties, as oc curred 
in mi cro elec tronic de vices. There are many kinds of de -
fects such as point, line, pla nar ones. Among these, the
Fano de fect con sists in an atomic chain at tached to the sys -
tem, pro duc ing rich wave in ter fer ences in con duc tiv ity
spec tra [1]. Their pres ence in crys tals avoids the use of the
re cip ro cal space and then, we have de vel oped a real-space
renormalization method [2] for the Kubo-Green wood for -
mula within the tight-bind ing for mal ism in clud ing Fano
de fects. We have an a lyt i cally proved the ex is tence of null
and bal lis tic con duc tion states in one-di men sional (1D) pe -
ri odic sys tems with a Fano de fect at tached [3] as well as a
novel bal lis tic con duc tion state in a two-di men sional (2D)
sys tem with aperiodic ar range ments in the cross sec tion
and along the Fano plane de fect [4]. In this work, we study
elec tric con duc tiv ity spec tra gen er ated by the in clu sion of
Fano de fects at tached at po si tions fol low ing aperiodic se -

quences. In par tic u lar, bal lis tic con duc tion states are ob -
served for sev eral val ues of the chem i cal po ten tial. Fi nally,
this study is ex tended to 2D sys tems with mul ti ple Fano
plane de fects at tached.
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Fer ro mag netic Res o nance (FMR) of aperiodic Co/Au
multilayers re veals that spin wave and uni form res o nance
modes are ex cited by the os cil lat ing mi cro wave field. The
four sam ples stud ied, with Co layer thick ness equal to 0.8
nm, were pro duced by mag ne tron sput ter ing at a pres sure
of 2 mTorr of Ar at mo sphere. The aperiodic struc tures
were gen er ated obey ing the Fibonacci se quence Sn =
Sn-2Sn-1, (n ³ 2), us ing S0 = Au(3ML)/Co and S1 =
Au(7ML)/Co as build ing blocks. In this work we re port the
study of the aperiodic S3, S5, S6 and S7 struc tures. FMR ex -
per i ments at mi cro wave fre quency of 9.5 GHz were done at 
room tem per a ture us ing a com mer cial elec tron mag netic

res o nance spec trom e ter, stan dard res o nant cav ity, swept
static mag netic field, and the usual mod u la tion and phase
sen si tive de tec tion tech niques. The per pen dic u lar FMR
spec tra re veal that the num ber of vol ume spin wave res o -
nance modes in crease with the num ber of rep e ti tions of the
S1 build ing block, up to seven modes for the S7 struc ture. In 
this struc ture, in par tic u lar, a sur face spin wave res o nance
mode is also ex cited by the mi cro wave field. This be hav ior, 
to the best of our knowl edge, was not re vealed be fore in
FMR ex per i ments of aperiodic multilayers.  
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376, 225-337 (2003).
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The prop a ga tion of a wave through a me dium could be very 
sen si tive to the struc ture if its scale is around half the wave -
length of the in ci dent one. In con se quence, di elec tric ma te -
ri als with pe ri odic, quasiperiodic, or aperiodically or dered
struc tures are con sid ered ex cel lent can di dates for mak ing
op ti cal com po nents ca pa ble of re flect ing, con fin ing or
guid ing light, just as elec trons and holes in elec tronic de -
vices [1]. These ma te ri als are called photonic crys tals. In
this work, we study the op ti cal prop er ties of quasiperiodic
and aperiodic multilayers [2], whose lay ers are or dered fol -
low ing the gen er al ized Fibonacci se quence de fined by the
sub sti tu tion rules of A A B y B Am n® ®  [3]. To carry out
this study, we de vel oped a new uni fied renormalization
method for the quasiperiodic and aperiodic trans fer ma -
trixes in or der to ana lyse the trans mit tance for a mac ro -
scopic num ber of lay ers. In par tic u lar, we cal cu late the
trans mit tance in quasiperiodic or aperiodic multilayers for
trans verse elec tric (TE) and mag netic (TM) po lar iza tions
by vary ing pa ram e ters such as the an gle of in ci dence, re -
frac tive in dex, layer thick ness and wave length. We find an
an a lyt i cal ex pres sion for the trans mit tance, when the lay ers 

fol low a gen er al ized Fibonacci se quence for sev eral gen er -
a tions. In ad di tion, we find the self-sim i lar ity in trans mit -
tance spec tra when the ar range ment of lay ers fol lows a
quasiperiodic se quence (n = 1) and a zone where the spec -
trum pres ents an os cil lat ing be hav iour if the or der is
aperiodic (n > 1), when the in ci dence an gle is null. Fi nally,
the photonic lo cal iza tion is in ves ti gated by look ing at the
Lyapunov co ef fi cient and its re sults are com pared with the
transmmitance ones for dif fer ent in ci dent an gles.
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