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Some personal computer programs for Transmission Electron
Microscopy in Mineralogy
— Mineral identification , ED pattern simulation and
HRTEM image simulation —

by
Toshihiko Takahasi* and Junji Akai **

abstract

Personal computer programs for Transmission Electron Microscopy in Mineralogy were newly
written. They are Mineral identification and ED pattern simulation programs. Mineral identification
program can be conveniently used for interpretation and identification of ED pattern of mineral. ED
pattern simulation program can be used for handling ED pattern by rotating it. HRTEM image simu-
lation program based on kinematical theory written by Ishizuka was used on personal computer by
transforming the original program to personal computer usage. Using this, estimation of unknown
mineral structure which was found in thermally metamorphosed carbonaceous chondrite was carried
out.

key words : personal computer program, Electorn Microscopy, ED pattern, HRTEM image
simulation

Introduction

Many calculations are needed in examination of minerals by TEM (e.g. Boisen and Gibbs, 1985;
Jackson, 1988 ). The calculation is in some cases, complicated. Furthermore, graphical presentation
is also helpfull for understanding 3 dimensional or complicated situation of the crystalline materials.
Some softwares has already been prepared but they are sometimes for special purposes or for special
machines. It is convenient to prepare combined personal computer programs fitting for his TEM or
his own necessity. We developed some programs convenient for TEM study: We use JEOL
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HRTEM JEM- 200CX which is settled at Department of Geology, Faculty of Science, Niigata Uni-
versity and we often carry out identification of fine grained minerals in TEM, and carry out observa-
tion of fine structures of rock forming minerals and have HRTEM images. For these purposes, the
following necessary softwares are, for example, listed;
1 Programs for identification of fine grained minerals in TEM size
Calculation of possible indexing for electron diffraction (ED) spots
(Calculation of angles between two reciprocal lattice points < diffraction spots>)
ED pattern simulation program
2 HRTEM image simulation programs
3 Crystal shape drawing of fine mineral grains in TEM observation
4 Crystallographic direction analysis of two or more mineral grains which coexist maintaining
crystallographic relationship
5 Lattice parameter calculation in case of ED pattern using least square method
6 Display of crystal structure : static displaying and/or moving images
7 Related programs for basic mineralogical calculation

Some of them or similar types of programs developed independently have already been prepared
but combining them as a whole may be more convenient and more usefull in practice.

Among the above listed programs, we briefly report the programs developed at this time and
demonstrate the usage (application ) of these programs in this paper,.

Programs for identification of fine mineral grains

Programs for identification of fine mineral grains in TEM size which can be said as ED pattern
interpretation program in another word are composed of the following parts;
Calculation of possible indexing for electron diffraction (ED) spots
( Calculation of angles between two reciprocal lattice points
<diffraction spots>) (d value calculation)
ED pattern simulation program
Processing data of SAED (Selected Area Electron DIffraction ) pattern which can be easily ob-
tained in TEM analysis may enable identification of minute minerals in TEM order scale can be
identified.
The followings are procedures to identify the minerals in TEM
(1) To obtain AEM spectra
Listing up possible mineral species.
Also taking into crystal habit ( shapes, size, paragenesis, ,,,)
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Fig.1. Fundamental elements in ED

Start
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Fig.2. Flow chart of indexing program for ED pattern.
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(2) To obtain ED pattern
Measuring necessary distances (and angles), d-values can be easily calculated
(3) To caluculate possible indices of diffraction spots in ED pattern
Testing on first possible mineral
(4) To check matching of d-values and angles between spots
OK or NOT
(5) Testing second possible mineral
OK or NOT — continue
(6) Confirmation of identification and handling the pattern in more detail by rotation and tilting
of specimens etc.
The followings are the programs corresponding to each part of this procedure.

#1 Indexing program for ED pattern
Fundamental situation of ED pattern is shown in Fig.1.
Necessary numerical data for this program are
1 distances OP, OQ and OR
( angles ; ZPOR and ZPOQ) *
3 LA value : cameralength L multiplied by wave
length of electron beam 1
4 lattice constants of the testing minerals
Fig.2 shows the flow chart of this procedure. Here, we demonstrate the examples of usage of
this program: at ED pattern , measuring diffraction pattern components, OP, OQ and OR values ( for
example, OP =2.2mm ,0Q = 3.8mm, OR =4.4mm ), are obtined.
Fig.3 shows example of Input data for olivine and Fig.4 shows Output examples for this input
data.

The program list whose comments were originally written in Japanese is shown in Appendix 1.

* Program for caluculation of angles between two reciprocal lattice points< diffraction spots> is
contained in program #1 but this part can also be used independently to check the ED pattern analy-
sis. This part picked up will become subprogram of basic calculation.

Necessary data for calculation are
1 lattice constants of the testing minerals
2 two indices of the two spots in the ED pattern
Comparing the obtained angle value and the observed value identification procedure proceeds.
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Input the distances OP OQ OR (in Fig. 1)
0P, 0Q, ORMfE (BEME) ZASILTTF &W

0opP=2.2
0Q=3.8
OR=4.4

Input L A value (camera length X wave length of electron
beam) [ LA (WASE X #%E) 2AHL
TFEw
LA=225
Input lattice constants [ H&FEHZ AL TLEEN
a=10.195
b=5.981
c=4.756
oL =90.0
@ =90.0
¥ =90.0

Fig.3. Input data form for indexing of ED pattern obtained from olivine.

(1) The following possibilities are present . XD &M T
WHEVER D

P:(-1 0 0) dp=10.195

Q:(0 -1 0) dq = 5.981

R:(-1 -1 0)dr =5.159

(2) The following possibilities are present | XD &EHT
HEA D

P:(-1 0 0) dp= 10.195

Q:(0 1 0) dg =5.981

R:(-1 1 0)dr =5.159

(3) The following possibilities are present | RD%&EMT
THerEE Y

P(L 0 0) dp=10.195

Q:(0 -1 0) dq =5.981

R(1 -1 0)dr =5.159

(4) The following possibilities are present . XD &M T
whgER D

P(1 0 0) dp=10.195

Q:(0 1 0) dq=5.981

R(l1 1 0)dr=5.159

Fig.4. Output form for the data of Fig.3 in ED pattern indexing.
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Fig.5. Flow chart of ED pattern simulation program

#2 ED pattern simulation program

Identified ED pattern which is the same as reciprocal lattice of the mineral can be graphically
represented. The program now developed runs on SHARP X 68030: the ED pattern figure can
rotate around 2 rotationary axes; Using 2 and 8 in ten key, the figure rotates around first axis. Using
4 and 6 on ten key the figure roatates around second axis. Rotation step is by 0.001 degrees by each.
If 0 is typed in on ten key, it will become Ewald sphrere mode . In this case, 2 indicies are needed
to define the reciprocal plane.

The flow chart of this program is shown in Fig.5. This program is composed of three subpro-
grams; Recipr.C, CLS.S and KEYIN.S. CLS.S and KEYIN.S. are written in assembly language,
so, only program list of Recipr.C which was originally written in Japanese is shown in Appendix 2.

Fig.6 shows the demonstration of Input form for olivine structure and Fig.7a,b,c and d show
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Input lattice constants: #FEBEASNILTL LI
a= 10.195
b= 5.981
c= 4756
A= 900
g= 900
¥ =900

Input 2 vectors defining reciplocal plane

( Plane approximation of Ewald sphere )
DT TR ERT B 200Ny M (TR *
ABNLTF&Ew

Input vector 1 (if hkO plane is defined, input 100 )

X7 MNVIOAT) (h kEEERT BH4E (100)
FAILET

1

0

0

Il

h
k
|

1l

Input vector 2 (if hkO plane is defined, input 010 )
ST bVed AR (h kT EFERT 254 (010)
TAILET

-~ -
g T,
— O

Fig.6. Input data form of olivine structure for ED pattern simulation.

examples of Output forms which represent a series of rotated images.
HRTEM image simulation programs

HRTEM image is formed through double Fourier Transform of real structure. To interprete
HRTEM or structure image, image simulation is often essential. It is necessary to design programs
based on dynamical theory for precise image calculation taking into acount of specimen thickness.
Some programs for these purposes are already prepared( Ishizuka and Uyeda, 1977; Ishizuka, 1980;
Ishizuka, 1982; O'keefe and Sanders ,1975 ; O'keefe and Buseck, 1979) . For example, MacHREM
wirtten by Ishizuka(1993) is one of excellent examples and is now on sale.

For these programs, important Input data needed are (1) unit cell parameters, (2) atomic param-
eters (atomic scattering factors, atomic coordiantions, isotropic thermal factors, and occupancy fac-
tors) , (3) symmetry operations, (4) spherical aberration coefficient, (5) defocus values, (6) aperture
size, (7) envelop function parameters ( partial coherence) , (8) specimen orientation, (9) incident
beam direction, (10) wave length of electron beam, (11) specimen thickness and (12) half tone
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_' —@— B rotation

p =0

/)’ rotatlon

P=-65.0

q) a=-51.5

Fig.7. Output examples of ED pattern simulation for the data of Fig.6 .
a,b,c and d represent only several figures in rotating images.
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levels, and so on.

Image calculation program based on kinematical theory is also more fundamental one, and can
be used as an ideal case or as the first approximation. For kinematical calculations, needed input data
are also the same for multislice calculation except specimen thickness. For example, Fortran pro-
gram, EMI (Electron Microscopic Image with Abberation) developed by K. Ishizuka was one of
typical programs based on kinematical theory and could be used by his kindness at this time. In this
study, we used his program by transforming the program written in Fortran language into personal
computer program, and calculated typical images of standard mineral structures and carried out some
unknown structure estimation.

Image simulaiton for structure estimation can be carried out as follows;
(1) Determination of chemical composition

(2) To take HRTEM images of through focus series for thin specimen
(3) Construction of Structure model

(4) Calculation of TEM image simulation

(5) Comparison between TEM image and simulation image

(6) Change of model and recaluculation

In this programs many parameters are needed as mentioned above and these are listed up as
defining file style.
Testing of image simulations for ideal known structures .

Here, only the results are shown. Results tested for known structures( serpentine, talc and
olivine) are shown in Figs. 8,9, 10 and 11. Different defocus images for serpentine structure are
shown in Fig. 8. Images for olivine structure and talc structure were also calculated as 1 dimensional
and 2 dimensional images. Figs. 9, 10, 11 show Scherzer focus images ( under focus of 107nm; cf
Akai (1987) ) of 1 and 2 dimensional one for serpentine, talc and olivine structure. These results
suggest resolution limits and image characteristics to be obtained.

Trial of estimation_for unknown structure .

Testing for unknown structure as first approximataion was carried out

: Intermediate structure in transformation from serpentine to olivine through thermal metamor-
phism was examined. This mineral was found in Antarctic carbonaceous chondrite Yamato-
793321(Akai, 1984, 1987, 1988, 1990, 1992, Akai, 1994). On the other hand, artificial thermal
changes of serpentine minerals have been investigated (Brindley and Zussman, 1957; Ball and
Taylor, 1963; and Brindley and Hayami, 1965; Akai, 1990, 1992, etc.)

As the first approximation, model of structure being very similar to olivine structure with some
vacant sites was considered, because in HRTEM image, new periodicities of about 10 - 13 A are
often observed and this can be due to some superstructure in pseudo-olivine structure.
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Fig.8. Simulated images with different defocus values for serpentine calculated. Negative
sign indicates over focus. (2 dimensional images). a (- 100nm : < over focus >), b (
-80nm), ¢ (-60 nm), d(-40 nm), e (-20 nm), f (0 nm : < just focus > ), g (+ 20 nm ),h
(+40 nm), i (+60 nm), j (+80 nm ), k (+100 nm), 1 (+120 nm : < under focus > )
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Fig.9. Simulated Scherzer focus
images (107nm underfocus)for
serpentine structure.

a : serpentine structure model
b : 2 dimensional image
¢ : 1 dimensional image

Fig.10. Simulated Scherzer focus

o o 00 images ( 107nm underfocus)
, o /, o o e, for talc structure
\' \ P [ e e a : talcc structure model

b: 2 dimensional image
¢ : 1 dimensional image
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Fig.11. Simulated Scherzer focus images ( 107nm underfocus) for olivine structure.
a : olivine structure model
b : 2 dimensional image
¢ : 1 dimensional image

The first approximation models are shown in Fig. 12a and image simulations corresponding to
them are also shown in Figs. 12b, c and d. Figs. 12b, c and d correspond to three models ( model 1,
model 2 and model 3 ) with slightly different cation occupancies. Model 1 indicates a structure with
vacant site in M2 site of olivine structure, which may correspond to metal deficiency. In this model-
ing no precise structural construction is considered as the first approximation but only effect by
cation deficiency is cheked. Cation deficiency increases in the order of model 1, model 2 and model
3. About 10 A periodicities really appear in these models. The effect is strongly found in model 3
than in model. The other image contrast, however, does not always well coincide with the HRTEM
iamges but the whole result may suggest some cation deficiency structure.

Summary

1. Personal computer programs for Transmission Electron Microscopy in Mineralogy; (that is, Min-
eral identification, ED pattern simulation ) were newly written.

2. Mineral identification program can be conveniently used for interpretation and identification of
ED pattern of mineral.

3. ED pattern simulation program can be used for checking ED pattern by handling ED pattern by
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Fig.12 Simulated HRTEM image
for model structure of defect
olivine structures with cation
vacancies, which are the first
approximation model struc-
tures of intermediate structure
in transformation from serpen-
tine to olivine.

a: model structure with vacant
sites in different quantities in
olivine structure,

b: 2 dimensional image cor-
responding to original olivine
structure,

c: calculated image for model
1 (25% of M2 is vacant),

d: calculated image for model
2 (50% of M2 is vacant),

e: calculated image for model
3 (75 % of M2 is vacant).
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rotating it.

4. HRTEM image simulation program based on kinematical theory written by Ishizuka was used
on personal computer by transforming the original program to personal computer usage. At first,
basic checks to calculate HRTEM images of known structures were carried out.

5 . Estimation of unknown structure which was found in thermally metamorphosed carbon-
aceous chondrite was carried out as the first approximation.
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