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[ is well known 1o elactron microscopists working in the field of materi-
als siructure research that the impaoriance of transmission electron diffraction
patterns (TED) is: (i} establishing the crystallographic erientation cormrelations
ravealed during the practical obsarvation of multiphase specimens and (i) the
knowladge of exact crystallographic orientalion of & single crystal area in the
speciman relaling to image conlrast interpredation,

On the ofner hand, it is well known that the spatial extension and geo-
metrical form of the electran diffraction spats (see [1]) can lead fo the appear-
ance of same complex featuras in the exparimentally registersd TED. In [2] it
Is demonstraled that Ewald sphere curvalures can produce complicated re-
flection disiributions when spikes are not simple in shape. Also, as a speci-
men iz tilied, the reciprocal lattice (RL) spikes besame inclinad ta ihe Ewald
sphere surface and, thaugh a spike may be near a low index zone, no reflec-
fions belonging to it will appear. The simplest distartions which could appear
in an electron diffraction pattemn are: (i) distorions of the spot-rows linearity
and {if} cocurrancs of some kinds of satelite spats.

Ta lake into 2ccount these mentionad complex fealures, a program for
computer simulation of complex ED pattems was written many years ago by
R.A, Ploc and collabarators [3-5]- in Fartran, running on & COC 6500 system
and having =s oulpul a platied TED pattern. The main charactenstics of their
mathematical algarithm (including graphics and far running on an 1BM com-
patiblz PC, DOS or Windows) as direct screen display aulput are a5 follows:
(1) The possibility of the superposition of several *elementary” TED pal-
tams, each being generaled Dy a single crystalline phase having a supposed
crystallographic arientation ralative to 1he eleciron bean. [n this way one may
chtain as complex a simulaled TED patlams as ane may wish, by changing
[he input dala to either the nature of the considered phase, or its crystallo-
graphic onentalion refative te the electron beam, or both. This zllows one to
gel pattems corresponding experimentally 1o multiphase structures, epitaxi-
ally criented struciures, twin oriented phazes, elc. All these patiemns, simpla
and/ar complex, are originating in the crystallographic model supposed to fit
tha actually coserved TED in the microscope,

(2) The possibility of simulation of the *soiking” effect, ie., 1o simulats those
features occurring in the TED pattern which might be generated by the com-
plex geometrical forms and the space exiension of the “difitacting object’,
which in general is constituled of several crystalline grains under simultane-
ous direct observation in the microscope. Starting wilh the simplest model of
a spike-rod anginating in a platelette-like diffracting crystallite, with the same
superposition method you can get more complex TED pattems comesponding
to complex geometrical forms and orientaticns of all the observed grains,

(%) The possibiity of simulation of & supposed 1ill effect on & praviously
simulated TED pattern. The filt axis can ba chesen at ease and entered inta
calculation by input data, The rotated TED pattern can be compared with the
expenimental one, resulting after the same specimen il has achually been
performed in the microscope. This could be a powerful method of varifying a
supposed model concaived o describe the relative cryslallographic orienta-
fions of the phases present in the cbserved specimen,

The geometrical paramaters taken inta account for performing the simu-
lation are described in Figures 1 and 2. Thers are shown the two main kinds
of geometrical orientafions which hawe to ba described mathemalically in
order tg perform the simulation: (1) that of the crystalline phase under abser-
valion and (2) that of the TED paitem,

The detailed descripfion of the geometrical model and of the mathemati-

eal algorithm an which is grounded the computer code can be seen in [3]. Here
we give only a summarizing description of the input parameters in corralation
with the mentioned figuras,

Figure 1 shows the gecmetrical configuration of the 3 important elements:
{i] the Ewald sphere, {i} the eleciran beam and (i) the rod-spike (considered as
a vector - the gxone) accuring at the ideal reciprocal lattice{RL) node (point P in
Figure 1), Point P! belongs 1o the g vector and is its point of intersection with the
Ewzld sphere. The portion of the Ewald sphere accessible for direct observation
in the microscope when wsing high energy electrons is considered, with a satis-
factory approximation, as coincident within the photographic plane. The experi-
mentally registered TED pattem is actually the pattern formed by all points of the
P kind, .., the poinis of intersection of the red-spikes occurring at the aciual RL
nades wilh the partion of the Ewald sphera visible on the screen. Thatis why the
aim of the computer simulation is 1o calculate the geometrical coordinates of all
the P! points which are expectad 10 be registared on the pholographic plate in
well defined condifions. Finally, these intersection poinls are graphically dis-
played on the compuier screen as the TED pattern and can be printed.

For the geomelrical representation of the above menticned P'points by
their coordinates we have 1o take into acoount that:

{1) we need an orthogonal reference syslem in the photographic plane; that is
the system defined by the unit vectors {iy, iz, is} - (see Figures 1 and 2).

{2) the pholographic plane coincides with a BL plane, designed by its (U, ¥, W)
Miller indices - {see Figures 1 and 2).

Wi can define the zone axis of the TED pattern to be simulaled by entering
as input data twe RL wactors which have to belong 1o the (U, V, W) plane we
wish to sea on [he microsoape scresn: the gy and gz vectors (Figure 2, By enter-
ing input data values for the angles vy and yra, (Tram the same figure) we ana in
fact choosing the orientation of the simulated TED pattern relative to the orthoge-
nal reference system already chosen: (i, Iz, k). This ¢an ba linked also with the
wall kncwn rofation eccuring between the TED pattern and the contrast image,
duz to the ratation of ihe image plans by the lens cails. By entering an input data
valua for the angle dy (Figure .2), we can defing the orientation in the phato-
graphic plane [i.e., the {U, ¥, W) RL plane, which is paraliel to the specimen
plane] of a rotation axis (designed as g- in Fiqure .2). g, is necessary for freating
the case when wa want io make a furher simulation, aiming at getting the imaga
of a ratated TED pattam. This will be the pattem ariginafing in tha new specimen
pasition, reached after its filting with the same angle value around the geaxis.
The variable & is ine cne describing the ratation angle around this axis. The ve-
tor gr can be aliemalively defined as a BL vector, L&, by entering its (h, k, [}
Miller indices. The accurrence of the second way of defining the rotation axis is
flagged in a special way.

As can be seen in the Figures 1 amd 3 for starting the calculation, we need
10 further define Some more parametess.

{1} The arieniztion of the electron beam incident 1o the specimen, f.e.. the od-
enigiion of the Ewald sphere. This can be defined in three differant ways: (i) by
maans of entering values for the gaometrical angles | and & {see Figures 1 and
2), (iiy by defining the beam direction as an RL vector and (i) by defining it 25 a
direct lattice {DL) vecior, The computer code can discriminate batween these
three ways of data input by means of the value enterad for a specific flag varl-
2ble,

12) the orientation of the rod-spike, which can alsa be entered in thres ways: {i)
by entering values for the angles B! and v {see Figure 1), these angles being
measured relative to the same {ls, [z, I3} orthogonal system of unit vestors, (i} by
defining the rod-spike as a RL veclor and (i) by defining it a5 @ OL vectar, The
computer code can discriminate betwzen thase thres waps of data input by
means of the entered value for a specific flag variable. A supposed rod-spike
length [equal ta lgsl) is always anterad along with each of these three ways of
defining ils crientation.

Eesides these geometrical paramelars we nzed 1o enler: () the crystallo-
graphic constanis of the considerad malerial phase: (he lattice constants a, b, ¢,
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and e, i, v, which describe the elementary call; (b} the inpul values for the cam-
era length, tegether with either the accelerating voltage (in €V) or the wavelangth
7. of the incident electrons (in A).

The program can lake inlo account a “spot invisibility” criterion after the
calculation of 3l the valuas |Fgnl?, whese Fyn i the structure factor comresponding
1o the ga (n =1, 2., m) simulated spot. All these values are calculaled on the
ground of & series of input data describing: (i) the atomic species present in the
elemantary cell (2 maximum number of § chemical spacies allowed) and (i} their
geomelrical positions insida the cell, enlered as fraction values of the a, b, ¢ lat-
fice constants (a maximum number of 20 atoms in the cell is allowed). The values
of the atomic scattering factors f; for each chemical element are laken from a
lable infroduced in the program as a block data sequance. The "spot invisibility"
criterion warks elther on the basis of a default value, or by {aking inta aceaunt a
value enterad by input data, In the default case, when no value 15 entered as a
wisibility limit, the program considets & TED spat as “invisible® {i.e., having too
wieak intansity 1o be registerad on the photographic plate) when its IFgal? valus is
less than 1/20 af the highest value among all calculated IFgl?{n=1, 2......m)
ones, An inpul value = 0 can be entered as & visibility limit, which overrules the
default value mentioned above. The program can work even wilhout any such
crilerion, in which case all the calculated TED spols are considered as “visible”,
The request to the program of taking inte account or not such an ‘invisibility” crite-
rian” i flagged by the presence of a specific input data lins.

In summary, two main sets of input data fines have [o be enfered as sunoas-
sive Fartran formatied lines:

(1) In arder to start the calculation {in the case whan ne invisibllity criterion has
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Note:The program can be run on 2 PC compalible with DOS, Windows 311 ar
Windows 95. Little RAM is needed, and it runs on a 386 with 8 MKB. What is
impartant for the: program is to find® the fonts files for which it was compiled, but
they can be delivered along with the ™ EXE file.

One may request & copy of PATTERN.EXE, with examples, by Fax (011-
40-423-1700) or by eMail (CSARBU@ALPHATINFIM.RO) - which will be senl by
normal mail. We dao not yet hawva a web site,

to be taken into account) an initial set of 9 Input data lines have 2 J;":

to be entered in a figorous succession. The meaning of this con- ROD - SRIKE n:““l 3 )
straint is that the program needs at least one inifialization of all ~ 'NTERSECTION WITH (IDEAL RECIPROCAL e SR T T AL R SPUERE
the variables linked with the input parameters. SaLORSEHERECLATIE 'CfD:'E g 3":5; Ia}ji';ﬂ';f';;;;i’;ﬁi'r;:;m 1t
(2) If an invisibility criterion is 1o be taken into account, these e e @ | 7 LaTTICE vECTOR

first 9 lines are 1o be followed by 8 supplementary one containing . \\ | -,‘- . _T=IDEAL RECIPROCAL LATTICE
the value inked with the invisibility criterion (which can be even = TS S | e

0}, followed by several other lines (in & number in accordance o Sy ! St

with the maximum allowed 5 atomic species and 20 atoms pres- EwaLD " 7 ‘F Z=C10
ent in the elemantary call) containing input data which have to SEHERE o el R _,,;J
indicate: (&) the tolal number of atomic species, {b) their chemi- : RS S L

cal symbels and {c) the unit cell pesitions of each of these at-
ams.

Al of this input dala is necessary for the Initial calculation
CASE.

In order to initiste new caleulation cases any number of
supplemantary input data lines can ba anlered aflerwards. They
can contain new input values far eny of the already initialized
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inpul parameters, for which a caleulation has been already done. Figure 1 SR CAECATE

The succession in which the values of already defined variables PHOTOGRAPHIC — PLANE

are allered by means of new input data is arbitrary. In terms of @,

the simulaled TED pattem, the entering of a new input data line 9,.3,.0, = RECIFROCAL LATTICE ‘% 9y = ROTATION AXIS

means {o add ta the list of the previously calculated spols a new VECTORS = 5 = ROTATION ANGLE

set of spofs to be drawn on the final pattem. This manner of en- 1§,.9,.8,1=1i%i%i?) = CARTESIAN P AROUND g,
VERSDRS g.li%)

fering the input calculation data is the way in which one can in-
duce the simulation of several simole TED pattems which are fo

be superpased in order to get a final complex ane,
The end of calculation input data, i.e., of the whale calcula-
fion, is flagged by a special input data line.
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