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* Software development
* Online resource

* Software components
* Application examples

e Installation with licenses
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Website, installation and licenses

Landyne (computer software) was registered in 2010 by
XingZhong Li and Jane Li in Lincoln, NE 68521, USA. We
made computer software for electron diffraction simulation
and crystallographic analysis. There are fourteen software
modules in this suite so far. The current version 1s 5.0.

The Landyne software suite 1s designed
for TEM characteristics of material

> )
structure and crystallography. F 2%
FS % %
 As aresearch tool for analyzing S %%
. %
experimental results. ,
: Crystallographic
L As a tool for teaching electron tool
microscopy.
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Landyne software

Online resource

https://www.unl.edu/ncmn-enif/xzli/
https://landyne.com

Including software package, user manual and related
papers.

Installation and licenses

PC, Java JRE and JAL
YouTube demo videos.
Multiple types of licenses.
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Java and JDK

The program package was complied with Java development
kit (JDK) 1.8.0 and above. Java runtime environment (JRE)
1s needed to run the programs. Java advanced image (JAI)
package 1s needed for ESPOT, SVAT, SAED, PCED, SAKI,
QSAED and QPCED for read from and write to files in .tif
format.

Get JAIL.1.3 from Java official webpage or
http://www.unl.edu/ncmn-cfem/xzli/download

Copy jai_core.jar and jai1_codec.jar to
e.g. ¢:\program files\java\jrel.8.0 31\lib\ext\
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LAMDYME

Landyne launcher

© @ E

ANy

The launcher is a desktop dock
for user to run all standalone
software 1n this package
conveniently. User can choose
the modules from the suite to
build a short form or a long
form of the launcher.

Y s s
] !\ A ﬁ 0% [8 8 8
1 '\.oﬂuf s s
@ Preference X
[v| Always on top
() Large ® Small
[v v| SVAT v| SAED
¥ PCED ¥ SPICA ¥ SAKI
v TEMUC | QSAED ¥ QPCED
v HOLZ ¥ SMART ¥ | CTFscope
|¥| ESPOT v | EMIPA
Save Done
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PTELS

Periodic Table of Elements

[
for Landyne Suite
[ ==/Periodic Table of the Elements i Landyne SR R | |12 olccur Vs alistor SN
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Format of crystalline structure file
Keyword Explanation

[tit]] Description of the structure.

[cell] Type and parameters of unit cell.

[sper] Space group number and symbol.

[natm] Number of independent atom.
Atom label element number x y Z  occC.
[biso] Global isotropic temperature factor.
[note] references and remarks for the data.
Example

[tit]] Aluminum

[cell] F 4.0495 4.0495 4.0495 90 90 90

[spgr] 222 (Fm-3m)

[natm] 1

Al 13 0.0 0.0 0.0 1.0
[biso] 0

[note] created for tutorial course, 05, 30, 2017
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Crystalline structure database

Selected Set of Crystalline Structure Files
Related to X.Z. Li’s research work
http://www.unl.edu/ncmn-cfem/xzli/download

The Structure of Materials (Structure Appendix)
By Marc De Graef
http://som.web.cmu.edu/frames.html

Pearson's Handbook: Desk Edition :
Crystallographic Data for Intermetallic Phases
Edition by P. Villars

Crystallography Open Database
http://www.crystallography.net/cod/

ICDD The International Centre for Diffraction Data
http://www.icdd.com/
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SVAT

I Structural Viewer and Analytical Tool — [l 4

File Table Component Display Output Tools Option Help

EREEEEEEDEEEEEEES
Structural Viewer and Analytical Tool

Highlight

* Display of crystal structure in a unit-cell wi/wo chemical bonds and
magnetic moments.

e Projection in a selected [uvw] or layer by layer.

e Local structure (or polyhedral clusters).

e Calculation of the chemical composition and the bond length/angle.

* The work on the structure can be saved to a file and reload back.

e  Animation including rotation or wobble.

e Image can be saved in GIF, PNG, JPG and TIF formats.

X.-Z. Li, SVAT4 — a computer program for crystal structure visualization

and analysis, J. Appl. Cryst. 53 (2020) 848-853.
https://landyne.com/gallery1.php 10
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New graphic icons for Landyne and Landyne+

Structural Viewer and Analytical Tool

i= Structural Viewer and Analytical Tool — O =

File Table Component Display Output Tools Option Help

& Structural Viewer and Analytical Tool —
File Table Component Display Output Tools Option Help

» P e B8 & 0B H

®FE € QN H | a6

00

11
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Template for crystalline structure file

£ Mew Crystal Structure File

Description

X

New crystal structure

Space group

Number [1~230

Lattice parameters

a= (A b=

Coordinates of Atoms
atom elem #

Number of atom in the list: 0

Notes
References eic.

'® The standard settings (1~230) (_ The alternative settings (1~74)

Symbol ? Origin | | w|

A c- A a- () B= () v= )

X Y i oCcC.
0.0 0.0 [1.0

Add ‘ Remove ‘ Clear ‘ View

Global isotropic temperature factor | 0.0

New | | Load

‘ ‘ Save | | Close

12
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Template for crystalline structure file

[ From Alternative to Standard Setting t

Description
new crystal structure |

Triclinic, monoclinic and orthorhombic systems

Space group number |3 Alternative symbols (P121 |+

Lattice parameters

a= (A1b- Ac Ma=000 (B4 |ev=000 )
Coordinates of Atoms
atom elem # X Yy F 4 0OCC.
| \ 0.0 l0.0 0.0 1.0
Add | Remove | Clear | View
Number of atom in the list: 0 Global isotropic temperature factor | 0.0
Notes

References etc.

New Load Transform Back

13

The 14th KH Kuo Summer School on Electron Microscopy and Crystallography



Th,Zn,, rhombohedral structure

Display of crystal structure in a unit-cell.

Sl (P ) (P
@ Display Option Atam Label

File name O Assigned

Unit cell (%) Element

[ ] Lattice vector () Mumber

Perspective () None

J

Color |black W

Operation

{(*) Rotation X-¥ Appearance

() Rotation Z ®Bal-1 () Ball-2
L s Oybisk (O Cirde

Scaling i

Th2Zn17 strjec.bd 14
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Built-in periodic table of elements

" Calculated Atomic Radii and Colors (for display purpose only)

The Periodic Table of The Elements

!:I I g8
Y

Bl

z _- i -_ Symbuol [ H -. Radius [0.53 - Color :reu:lm v,[ Enter ” Reset ]

Building-in periodic table for color and atomic radius.

15
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Atom cluster

|
| |

Bi2Pt_trigonal.pced te

Local structure or polyhedral clusters. 16
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Al3Mn.strd

Layer structure

Crystal structure can be viewed 1n layer by layer.

Projection

b
® ﬁo 9‘“ .. Oo 9'”

._da

Al3Mn strbd

® ‘o‘b. o? 'o'b.
05 o °g o o
o wWee @O W oo

ca@o& L P °0006 ®

&
®
®
&
Mn
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Mn
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@
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Check the crystal structure file

Crystal structure of Cu,ZnSnS,

- '**“/ D( D¥asD
. @ oo
9 e

) @ Q ;
6@% EedE

(a) Incorrect input with space group 14 and (b) correct

input with space group I4. .
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SAED

*2+ Simulation and Analysis of Electron Diffraction — [ >

Data Experiment Simulation Pattern Option Table Help

NEDECRE R EREEEI
Simulation and Analysis of

Electron Diffraction Patterns
Highlight

 Simulation in kinematical theory and Bloch wave dynamical theory.
» Simulation of composited patterns from multiple phases.
 Simulation of SAED pattern with zero and first order zone.

e Simulation of SAED pattern along/or away from zone axis.
 Simulation of composited patterns of twin crystals.

* Load experimental SAED pattern and for searching the zone axis.

* Save Region of Interest and user-defined TIFF resolution.

 Save electron diffraction data as input data for ESPOT.

X.-Z. Li, SAED3: simulation and analysis of electron diffraction
patterns, Microscopy and Analysis, May-June issue (2019) 16-19. 19
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New graphic icons for Landyne and Landyne+

Simulation and Analysis of Electron
Diffraction Patterns

**+ Simulation and Analysis of Electron Diffraction — U X

Data Experiment Simulation Pattern Option Table Help

D L IR E N A A 2 E = E

Data Experiment Simulation Pattern Option Table Help

20
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SAED simulation of Al;Mn

£b Label on Reflection ﬁ £

£6 Calculation &J

On reflections
Intensity (> 31% )

=
[ -,

[] Base only

Fontsize [1 || color |[Red [+]

£ Qverall parameters ﬁ

EE Zoom pattern
el 1 1_?95

d@ Intensity scale

SAED3: X.Z. Li, Microscopy and Analysis, May-June issue (2019) 16-19.

Simulation and Analysis of Electron Diffraction 3b
Crystal Experiment Simulation Pattern Option Help
Dﬁi@@@ @F@B%I@
B OFE OB B % w3 . .
SRR T 1
P 27 D
] . o ® @ . 5
. .- - 90 5 . - - w
s w ..15.0.‘. . @50
P ®® e - - - ® - - - 20O -
L] 11 3Q = & 8 & 8 ® = & 8 =
. - ‘.2po [ " CE TR )
......... . - . e - - - e ®
° e o o o o @ e @
......... . & [ ] [ ] LN
. . . . -‘0'2-0. e - @9 ® - ® s s 0
. . .11-39 LI I ) L[] ® " s @ &
. . - ..&- &0 [ ] .6.5.0-
. . = . . ..‘ﬁ0° P )
. " - - ® , . o
- - - ..7.-3.0 - - -
.:........... .;‘-;100...

Prime settings
Kinematical theory
Microscope HT: 200.0 (kV)

[1. AL3Mn.str.txt

-]

Parameters
Thickness (A) 300

Zone [uvw] ,@

TitXangle?) (00 |

TitYangle() [00 |
Adjustment

Mass proportion: 1.0

| )
Oriented angle: 0 (")
)

Horizontal mirror plane |
Appearance
1 Circle @ Disk
) Square ) Triangle

Color Black |V|
Display
Pattern [] FOLZ spots
Index [] Intensity
[] Base vect.. [ ]Laue center

21
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Flow chart of program design

Parameters for calculation | €< | Search zone axis

Image processing:iscale and rotate‘/

I List of crystal structure I Experimental pattern

v
l Kinematical theory
Dynamical theory :
| Processcore | «e——3 (Bloch wave apprnach\/ Parameters for display
or Multislice approach)
l A 4 J'
I List of simulated pattern 5> | Displaypanel I

The flow chart of the SAED design. 29
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Time on Blochwave calculation

Let me decide ...

When Termination <= 1.0E-10, the result is usually acceptable.
More cycles will further reduce the termination value.,
[Continue] on calculation or [Accept] the current result

m Current cycles =62 Termination = 3.0865943150423357E-23

Continue Accept

Snap-shot of an option for user to terminate or continue the calculation. The
calculation in Bloch wave theory may take time for a crystal structure with
relative large lattice parameters. In order to save the time, (i) the software
provides an option for user to terminate the calculation process when the
result is good enough or continue the calculation; (ii) the software will use
previous calculated parameters to simulate a diffraction pattern when only
the thickness is changed.

25
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Application on PtBi and y-PtBi,

B3 ProJECT/SAED: Simulation and Analysis of Electron Diffraction Q@@
Structure Experiment Simulation Pattern Option Output System About

Do iEBEAAGS O e

: : . : PtBi P63/mmc (194)
930 . o . . 200 .. . a=0.4315 nm ¢ = 0.549 nm

e he et y-PtBi, P-3(147)
|, I gy P s . S a=0.657nmc=0.616 nm
4 B3 EOM%.O,OW@_D 3-39
LR P L [001] PtB1//[001] y—PtBi1,
RLAVER i < ; (110) PtB1//(100) y—PtBi1,
0 0,0 j & E J ',-:01:@.20.-2}-?:

24

X.Z. Li et al. Philosophical Magazine, 91, 3406 (2011).
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Application on a-PtBi, and 3-PtBi,

e N st o aERl Poo (6]
SRS . (2 2. %i0 . a=06/32mm
b LR T s il 2200 5 ¢ b=06794mm
. s G + ¥ 2 3 ¥ ¢ =1.3346 nm
Lo RS RREER NN .
(a) () - ¢ ¢ [110] a=0.67014nm
' 004
. -
. e 19
. 2 ® : " "::1 [001] a-PtBi,//[001] B—PtBi,
vl . (100) o~ PtBi,//(100) B-PtBi,
L]
(¢) - . - [210]

29

X.Z. Li et al. Philosophical Magazine, 91, 3406 (2011).
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Application to Cu,S

v

1 Um

TEM 1mage of the Cu,S nanowire. .

X.Z. Li et al. Microscopy and Microanalysis, 18S2, 1470 (2012).
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Search for zone axis

[ ProJECT/SAEDZ.O; Simmdation and Analysis of Electron Diffraction

Shuciure  Expadiment Sim

on  Cupul Syisem ABoul y » BQ-17

wigboh PaBeim Cpb il Sy
Do i BEEa® .2 0B e BN E
@ - +

T . @ . . @ P40

Faa0

B2

Search for the zone axis of the experimental SAED pattern,
(a) the experimental SAED pattern of the Cu,S nanowire

and (b) the simulated [211] SAED pattern of the Cu,S phase.
21

X.Z. Li et al. Microscopy and Microanalysis, 18S2, 1470 (2012).
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PCED

=

& Simulation of PCED pattern & Phase Identification — O] X

Crystal Experiment Simulation Paitern Table Option Help

NEEEREREEEREEIREE

Simulation of Polycrystalline Electron

Diffraction Pattern and Phase Identification
Highlight

* Simulation in kinematical theory and in Blackman theory

 Phase identification.

* Texture analysis using March model.

» Phase mass ratio determination.

* Peak shape using pseudo-Voigt profile.

 Miller index and Miller-Bravais index for hexagonal system.

» Save Region of Interest and GIF, PNG, JPG, and TIFF resolution.

X.-Z. Li, PCED2.0 - A computer program for advanced simulation
of polycrystalline electron diffraction pattern, Ultramicroscopy 110
(2010) 297-304. 28
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Flow chart of program design

Display expenmental
—= | and simulated

patterns Electron ASF
SAED pattern scale and rotate\/ T Index scheme\/ l,

Experimental pattern Crystal structure

March model of _ _ _ _ _
preferred orientation | —= | PCED simulation | <—— | Kinematic calculation

OR
Improved parameter table N T Two-beam dynamic

calculation and
Pseudo-Voigt profile Bessel integral
of intensity profile

The flow chart of the PCED design. .
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Simulation of polycrystalline electron diffraction pattern

Simulation of PCED pattern & Phase Identification

- O s
Crystal Experiment Simulation Pattern Table Option Help

NEEEEREEEER

= HEI

Parameter table

X
Crystal Phase 1 Phase 2

File name | Al (default) | Mg (default)

K-factor 1.0 1.0
Grain dinmy) 50.0 50.0
Grain tinm) 20.0 20.0

Texture out-of-plane | out-of-plane
Plane (hkl) 001 001
March factor 1.0 1.0

| i
- _— _— A -
= N SRR -
- 2 » Pt
’ - o o - N
—~ o~ —_ —_ T~ e — o~ —_ —
- 0= [N [ = MV o [ R [ (XN
o oo [=] N o gooo o o [=] =
L= ] () - [¥X] — [LS T -9 [ —
o — o ~— — — = —
- > =

The PCED with simulation of Al and Mg.

30
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Phase identification and semi-quantification

B Advanced PolyCrystalline Electron Diffraction Simulation |:||E|r5__<|

B Advanced PolyCrystalline Electron Diffraction Simulation [ |[B][X]
Fil= EDP Phase Sirmulation Option  About

Blackman's theary |KE\":| ***** | @ @ H @ @ @ @ @

File EDP Phase Sirmulation Option  About

(D] [E][©] Ll O] K0 R A2 5] 9 LA @3 Ll b o]

TEEEE

Elackman's theory | KEY:

. .
.
i
'
.
.
.
.
: = & = as  Eos = & 5 05 = =
— = b e [=R R — ] = i = =
' ' = = = o= === — = T — [=] T
. e =2 2 ez e2g2 = = = = = =
-
. > - |
‘. - FU
- ‘e g B Paramete aDle m
.-‘ PCEDady File name K-Factor Grain sizefnm}) Texture type Zone axis March param,
— phase 1 |Fept_L10_ns02...| 1.5 | 1o.0d, 100t | oot-of-plane | (oo1y | 0.17
phase2 | | | | | |
ECly
ED d alll dDILE
PCEDady File name K-fackar Grain sizefnm) Texture type Zone axis March pararm.
phase 1 |FePt_L10_n802...| 1.0 | so.0d, 200t | out-of-plane | (oo1) | 0.17
phasez | [ [ [

FePt L1, Phase identification and semi-

quantitative matching. 31
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SPICA

Y Stereographic Projection for Interactive Crystallographic Analysis — ] pd

File Stereogram Microscope Tool Preference Table Option Help

] = uvw o = I

M A AR R A e sl R e | e i

0 T | Dl

Stereographic Projection for Interactive
Crystallographic Analysis

Highlight

* All necessary functions of stereographic projection.

* (alculate two crystal phases simultaneously.

* Display [uvw] labels in various color, size and orientation.

» Display (hkl) labels in various color, size and orientation.

* Generate and overlay two stereographic projections.

e Show Kikuchi maps from the data of (hkl) poles.

* Predicate tilt/rotation angles of zone axes for both double-tilt and
rotation TEM holders.

X.-Z. L1, SPICA - Stereographic Projection for Interactive
Erysillocaphic Amilyals T Appl Crvit A0-(2016) 1818-1826 32
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Display and control panels

Crystal Stereogram Microscope Option Tool Help

E EE T EW

Phase 1: FePt L10

Phase 2: Mg FCC

¥ Show central cross
¥ Show Wulff net

™ Show filename of phase 1
¥ Show filename of phase 2

¥ Show poles of phase 1
™ Show poles of phase 2

¥ Show pole labels of phase 1
¥ Show pole labels of phase 2

O Show trace of phase 1
21 Show trace of phase 2

[0 Show Kikuchi map of phase 1
[0 Show Kikuchi map of phase 2

[0 Show angles of holder
[0 Show limits of holder

A0 o paen| plad _[-zzg-mll-ws]
I

Crystal Phase

® Phase 1 ) Phase 2

r Crystal Lattice

a(A)
b (A
c(A
a()
B(°)
v

Projection
Q ww (001 |
® hkl |001

i Stereogram ‘

Current Zone Axis

Type

@® Phase1 ) Phase 2
- Range of uvw
Jul vl Iwl (<)
Range of hki

Inl K[ Il (=)
Max g (A-") :

[_] Apply extincation rules

b) cose || pefaur

Wulff net
Net grid: 10 ®

:Cl

Net orientation: 0 ®
.

ww  [001 |
Goniometer (°) ,007‘
Doubletitt(®) o0 |
Rotation(*) [0.0 |
selectedhkl 010 |
Azimuth () 0.0 |

\ Next Zone Axis ‘
74

Stereogram

Phase1 orientation: 0 °
.

Phase2 orientation: 0 ®

Three basic operational dialogs in SPICA: (a) the calculation dialog, (b) the pole

range dialog and (c) the orientation dialog for Wulff net and stereograms.

29
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Stereogram with trace lines

Crystal Stereogram Microscope Option Tool Help

0.1.0)

o
M

-oe- oo & o000 ‘ ~soeeo 8 o2 o
=) [

Pt
H
H
V2 B,

¥ 714445—\; (Tliﬁ)atuouf 111(14’(1‘&1147; .o oo -

7N\
e _o O °

w ® 9 f o« ®

?

.
L4 e
'.. =

e
W
. ©

oo 2000

o . h .‘\.._.f\l .:121') s G .

L)

| .,

“ﬂ

/ |
s e s e e sses
1

o~
=
‘l
—
=

Graphical user interface of SPICA with an (hkl)
stereogram of a cubic structure as an example. 34
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Example of the hexagonal Zn

(-1,2,0)

<1,0)

220 021

(1) b JUREY

(1,1,0) JOERY J13.1] J23.1] JEERY)

(2.L1) (112) £0.1.2) QL J0.2.1] J1.2.1] J221]

(1,1,2) il

JEERY
JERRT o) ac B s 215,00

(-1,0,0) (-2,0,1¥-1.0.1) (-1,0,2) #.0.1) (1.02)  (1,0,1)(2.0.1) (1,0,0)

J-3.0)2.01] [-1,0.1] #.0.1] J1.01] J2.01B.0.1]

1-3,-1{[11‘.1” JETER) I ERY 11,.1‘141‘-1,1]

1'3"2‘1]1.2,.1.1] j1.21) JOJJ]II"M]

1-3.-3.1]1_2‘_3‘1”_1__3‘1#o.-s.u

Stereogram of the hexagonal structure of Zn: (a) (h k 1) stereogram and
(b) [u v w] stereogram. In order to display clearly all indices, the
maximum indices were set to h<2, k<2, I<2, u<3, v<3 and w<I.

29
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Kikuchi map

[-2.1.1]

[-1,1,0]

[-1,2,-1]

Al : 0,1,-1]

f1.1.2)

2] -, 51 !
V3 N A
O “i.‘ ..'o., ; % X ‘.i £1,0
‘ . ': - Rl

(b) e S i

Kikuchi maps of a primitive cubic structure with [111] zone axis in the center,
(a) generated using the method described by Liu & Liu (2012) and (b) generated

using the formula by Young & Lytton (1971) with the wave length of 0.0251 A
(200kV).

H. Liu, and J. Liu, J. Appl. Cryst. 45, 130-134 (2012). 36
C.T. Young and J. L. Lytton, J. Appl. Phys. 43, 1408-1417 (1972).
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Application to Mn,CrGaAl compound

. [100]41012],
‘. 10(..- : .
c“j‘o"."- .
—_s . )
[3 1 %//[01 1]c [120]//[010],
' '036‘ . N .‘.’?.L‘.'... .
: -@ D
o+ 1 S HN .".:.':ﬁ.&?

--------------

(C)'.o . ..T‘.....(d)

Two crystalline phases in Mn,CrGa,, sAl, s alloy as the result of a spinodal
decomposition: (a) a TEM image of the two phases, cubic phase in light

grey and tetragonal phase with strip shape in dark grey, and (b-d) the

electron diffraction patterns taken from the two crystalline phases. 317
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Application to Mn,CrGaAl compound

0,1,0
] (a)
PBY
'[1. 0]
0.2,-1]
TR J12-1
iy ] o 0.1,-1]
7]
‘d.l.LJ ,1,-1
3101 13.].-1] 0,1,-2]
1.0,0L p-11 | pe-1lo-2 Jo.o.-1
| | F

IO, ,0]

(0,11

11,12

(b)

Composite stereogram with (a) the index labels for the cubic phase and
(b) the index labels for the tetragonal phase.

X.Z. Li, W.Y. Zhang, and D.J. Sellmyer, submitted to Acta Materialia (2017) 38
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Application to CoFeCrGe compound

Azimuth

The geometric relation of

the observed SAED pattern | a ,
and the TEM specimen ' 321 .
holder for a stereographic . '
projection as a guidance in
SAED experiments. ¢ :
oSy ) i35 0 (d)

A new tetragonal phase in Co-Fe-Cr-Ge alloy. (a) TEM image of the
tetragonal phase with the grain size about 150 nm, (b-d) the SAED patterns of
the tetragonal phase.

Y.L. Jin, X.Z. Li, and D.J. Sellmyer, Mater. Character. 136 (2018) 302-309. 39
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Application to CoFeCrGe compound

J214] ]
.L4] Jo.14]
315 J215] JRER) 21
-24.8 3.7
30.5 313 Jo.1.5]
24.9
271
3.0.5]
J-1.0.2]
J-2.05]
280 404
108 -23.7 -1.0.4]
9.9 _151_8 J-1.0.5]
8.2 -10.2
7.0
J0,0.1]
+ 17.1
5] 0.0
J-2:1,5]
3214 554
-89
J1.-1.5]
-16.1
l‘l"l-‘ﬂ}m
222
1_1__1!3] -20.2
2.2-304
Iz 2:%3_1 . 310,.1,5]
-1,-1.2] T
Jo.1.4]
73 JL-L5]
1_1__2’5] -32.5

ry» 2 z1

A new tetragonal phase in Co-Fe-Cr-Ge alloy as an example using
SPICA to predict the tilt angles for all zone axes within the tilt
limitation of the TEM specimen holder. 40
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Application to CoFeCrGe compound

28.16° 41.73° 53.23°
,,,,, 0° e 97.3° | a4 6° e T 53D°
eeduRtl . 48300, .- T Aaesn0 . . +:200 -
R TR » 151,4_ ~ _,13'] . N\ = _
8- B - ToSar A e b = &
d [001] b [015] C [013] d [012]
45°
- . - 50.12°

5. 2§1," 35.40 2 ﬂ'2_210 49.5°

091 b /110 121 ;
s, i L. . 26.56°
€ - - oo g o [115] T [125]

A new tetragonal phase in Co-Fe-Cr-Ge alloy as an example using
SPICA to predict the tilt angles for all zone axes within the tilt
limitation of the TEM specimen holder. 41
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TEMUC

5 TEMUC — O X

Lattice / Cell Determination Refinement Help

Iz e | on | 22| 2| | | (BB

Unit Cell Determination
in Transmission Electron Microscopes

Highlight

Three methods are implemented for Unit-cell determination.

e Reciprocal lattice reconstruction: easy and efficient.

* Reduced cell method: two SAED patterns and angle between them.

* Reduced cell method: three SAED patterns with shared reflections
between any two of them.

X.Z. L1, Computer programs for unit-cell determination in electron
diffraction experiments, Ultramicroscopy 102 (2005) 269-277.

X.Z. Li, TEMUC3, a computer program for unit-cell determination of
crystalline phases in TEM experiments, Micron 117 (2019) 1-7. 42
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Conventional method

£ JECP/UnitCell : Unit Cell Determination ©LANDYMNE - oS -
Module Adjustment Option Help
@ Reciprocal Lattice &
Reciprocal Length (pixel) and Angle (%)
ry = rz = ¥ = 0.0
[ Add ] [ Remove ] [ Refresh ]
Scale: 100% R1=100,R2=100, R3= 100, A1 = R2*R3 = 90° loa 43
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Conventional method

© JECP/UnitCell : Unit Cell Determination ©LANDYNE r— = (S S
Module Adjustment Option Help
1 'l
-]
.
£ €1 £ ] ]
]
]
Seale: 53.1% R1=1255 R2=1400,R3= 03, A1 = R2*R3= 00° 158
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Reduce Cell method I

£ Cell Built with Two EDPs ped
S - Measurement (pixel and °) of EDPs
Vi V2 Angle w
S EDP1  [634 | [a4 | [sre |
EDP2 [634 | [12zv7 | [5E |

Tilt angles (") between EDP 1 and EDP 2

Angledga [0 Angle®s |0
Angle ¢z (184 Angle®z |0

Reciprocal unit cell (pixel,”)

V4 '-‘ * e .
a*= 634 | b*= |34 | o= [1277 |
VA S| a=[19073 |p=[55 |wv=[s79 |
/ V3
7 ol | clear ||  Build ||  Next |
vy

X.Z. Li,Micron 117 (2019) 1-7. 45
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Algorithm I

Two SAED patterns with a common axis and tilt angle.
Relax the tilt angle in a range.

Get the reduced cell.

Try another two SAED patterns to get the reduced cell.
Compare the closest reduced cell.

e D

6. Find the conventional Bravais lattice.

46
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Reduce Cell method 11

Y1 Yang, Can-ying' Cai, J iangud -Lin,'Lunjun Gong, Qibin Yang, Accurate
determination of lattice parameters based on Niggli reduced cell theory by
using digitized electron diffraction micrograph, Micron 96 (2017) 9-15. 47

The 14th KH Kuo Summer School on Electron Microscopy and Crystallography



Algorithm II

Determination of the basic vectors.

Generation of all vectors within a given radius.

List the lengths of the vectors after a sorting process.
Do 1~3 for a least 3 patterns.

Find the common length within a given error threshold.
Obtain the cell of the three common vectors.

Get the reduce cell.

e o

=

Find the conventional Bravais lattice.

48

The 14th KH Kuo Summer School on Electron Microscopy and Crystallography



TEMUC

£ Cell Built with Three EDPs et #a Transformation X

Measurement of EDPs (pixel and °) .
Scale bar (nm-", pixel)

Vector EDP 1 EDP 2 EDP 3

Via |8‘l.9 | |81.9 | Labeled 2 Measured 84

V31 331 331 Reciprocal unit cell (pixel, *)

Vi3 [30.1 | [30.1 | a=[319 | b= [301 | e*=[33.1 |
Anglew [733 | |76 | [f7s | =178 | p*=1[75.3 | v =|a7.6 |
Reciprocal unit cell (pixel,”) Direct unit cell {nm, °)
a=[819  [p*=[301  |e=[331 | a=[052 | b=[143 |e=[132 |
w=778  |p=783 |v=ls75 | a=[10197 | p=[10145 | y=[so04 |

| Clear || Build || Next | | Clear || Convert || Next |
we Lattice Metric Symmetry X l# Reconstruction X
Initial cell (nm and °) Display the grid

a= 052 | b=[143 | e=[132 |

Display the scale bar

a= [101.97 | p= [10145 | y= [s0.94 |

Radius of Sample Points |3

Operations
Tolerance {nm) |U.DD1 || Create | ) Freeze

Reduced cell and a vector list

) Reset the coordinate origin
Metric symmetry and Bravais lattice

) Reset the orientation
Lattice vectors [1 | [4 [[14 |

® Reset the scaling
) Reset the v2 length

) Reset the v3 length

) Reset the (v2*v3) angle

| save || Buid

49

The 14th KH Kuo Summer School on Electron Microscopy and Crystallography



SAKI

O & | 3 &

4% Simulation and Analysis of Kikuchi lines

Crystal Experiment Simulation Pattern Table Option Help

(5 3] | 3K | et v (el

- 8 .

— 0

=

—

>

)

Simulation and Analysis of

Highlight

» Simulation of Kikuchi patterns with SAED patterns.

* Indices of Kikuchi lines
 Basic image processing of experimental SAED patterns.
» Accurate determination of orientation using a Kikuchi patterns with three poles.
* Simulation of SAED pattern by considering double diffraction effect.

» Save Region of Interest and user-defined TIFF resolution.

X.-Z. L1, On precise determination of crystal orientation with Kikuchi

Kikuchi Patterns

pattern, Journal of Materials Education, 42 (2020) 99-106.
X.-Z. L1, SAKI, software for simulation and analysis of Kikuchi

patterns, Journal of Chinese Microscopy Society, 04 (2021) 398-405.

50

The 14th KH Kuo Summer School on Electron Microscopy and Crystallography



SAKI: simulation of Kikuchi pattern with index

*ﬁﬁ: Simulation and Analysis of Kikuchi lines i O X 3‘;’?1 Simulation =
Crystal Experiment Simulation Pattern Table Option Help Prime settings

B2 [ [ o ' ' Kinematical theory

& D = @] @ | + 4‘4‘(-, SR = é ;: [ere) | s

:E:E:‘ @ g£< & = Microscope HT: 200.0 (kV)

Aluminium (default)

Parameters
K =]
s = Thickness (A) 300
-
Zone [u v w] o001
Tilt X angle (*) 0.0
Tilt ¥ angle {° 0.0
o gle (°)
Adjustment
0 Pattern zoom: 1.0
O O
Tl Intensity scale: 1.0
° 2¥ 0 @ 0 o

Oriented angle: 0 ()

|
[ - -

i T i} N N
| Horizontal mirror plane |

O G O Appearance

@ Circle ) Disk
| color | |Black |+
® Display

ED spots [_| Double diffr.
K lines [] Laue center
Index [ | Base vectors

The simulated SAED and Kikuchi pattern with index. Sl
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SAKI: simulation of Kikuchi pattern with index

Simulated spot pattern in kinematical diffraction, (b) with double diffraction effect.
(c) Simulated Kikuchi pattern supposed on experimental pattern (d) the simulated
pattern only for clarity.
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SAKI: determination of orientation from three Kikuchi poles

% Simulation and Analysis of Kikuchi lines — O X

Crystal Experiment Simulation Pailtern Table Option Help

D o8 @& E| | e R B E

¥ Analysis >
Measurement

® Incident beam Show
Kikuchi Width  Angle (*)

O pair1 [ 722 | 324
< Pair2 | 134 | 60.8
O pair3 [1738H] | 79.41H

Tolerance (+A)

lal (pixel) | 3.0 | Angle (*)| 2.0

Kikuchi Pairs and Poles
Pair1=+[hkl] (011 |
Pair2=+[hkl] |[2-2-1 |
Pair3= =[hkl] [321 |

Pole 12 == [u v w] -1-22

Pole 23 = [uvw] 0-12
Pole 31 = [u v w] -1-33

Derive uvw

Precise Orientation

Angle () Zone axis
12 663 U -0.0442
$®23| 1045 V| -0.1517
$®31| 3.2 W 01729

Calculate

Snap-shot of the main panels in SAKI with analysis of Kikuchi pattern of Mg.
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SAKI: determination of orientation from two Kikuchi poles

DIRECT BEAM 1
Q24

The 14th KH Kuo Summer' School on
Electron Microscopy and

Crystallography e

[~

S

Helfmeier, H. and FellelL-Kn{epmeier, M.
(1977). J. Applied Physics, 48, 3997-3997

) pairt | 722 | 32H]

® Pair2 [ 17381 | 79.4

Tolerance (+A)
lol (pixel)| 3.0 | Angle (*)| 2.0

search hki
Kikuchi Pairs and Poles
Pair1= #mkn 011

Pair 2« F kN |-321

Angle from 182 75.14
[u v w] from 1&2 -1-33
Derive uvw
Precise Orientation
Angle (°) Zone axis

®m 3.07 U -0.1213
Dc 294 vV -04117
A 013 W 0467

Method @ ODS () HFK

(a) « comee |

# Analysis (1 K-pole) X
Measurement
) Incident beam  [v| Show
Kikuchi  Width  Angle (°)

# Analysis (1 K-pole) .
Measurement
) Incident beam v Show
Kikuchi  Width  Angle (°)
O Pair1 | 722 | 32

@ Pair2 | 1738 | 794
Tolerance (+A)

lal (pixed) 3.0 | Angle(®)| 2.0

Search hkl
Kikuchi Pairs and Poles
Pair1= (£ [hki] 011

Pair2e F [kl -221

Angle from 1&2 75.14
[u v w] from 1&2 -1-33

, Derive uvw

Precise Orientation

Angle (°) Zone axis
om 3.07 U -0.1376
®c 3.45 vV -0.3995
A® 038 W 04628

Method ) ODS (® HF K

o4




Simulation of double diffraction effect

ooooooooo

* 8 + = . . * 9 o ® * @
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Crystalline structure: a-Mn, P 4,32 (213),a=0.6312 nm.
(a) The simulated SAED pattern and (b) with double diffraction.

30
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QSAED

§§§ Quantification and Processing of SAED Pattern - Ll X

File Process Quantify Pattern Font Option Help

Quantification and Processing
of SAED Patterns

Highlight

* Preparation of experimental SAED patterns for publication.

* Precise measurement of the reciprocal lattice spacing.

 Basic image processing of the experimental SAED pattern.

* Retrieval and display of the intensities of SAED patterns of crystal
structures and correction by symmetry.

* Line profiles from SAED patterns of crystal structures, including
aperiodic crystals.

* Preparation of input data for ESPOT module.

» Save Region of Interest and user-defined TIFF resolution.

X.-Z. L1, JECP/QSAED, a Computer Program for Quantification of Ee
SAED Patterns, Microsc. Microanal. 20S3 (2014) 1486-1487.
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QSAED: load an experimental SAED pattern

:%+ Quantification and Processing of SAED Pattern | = |i:7-]

File Process Quantify Paitern Font Help

2 @B @ @ L 2 Hw BB B B[ |

GUI of QSAED with a loaded SAED pattern. of

The 14th KH Kuo Summer School on Electron Microscopy and Crystallography




QSAED: operation dialogs

§§§ Edge grayscele x

Edge grayscale
[o)cio) 5 [cfokcl =

Grayscale:12 [ J————— e®e |mage operation x e@e Shift & Center x

ROI size (pixel) & TIFF image (ppi)

Show circles Show lines
[] Show region of interest (ROI) @ Image resize
ROI size (1<val<750) [432 e 1.86] Number of cirlces |5
TIFF ppi (1<val<998) |300 [ Image rotate N-fold symmetry |3

W — ] 7
=

s@5 ROl and TIFF % 282 Scaling factor X

Edge grayscale

Grayscale:12 ([ F——— Label of scale bar

ROI size (pixel) & TIFF image (ppi} 20 1A @ 1inm
[] Show region of interest (RO1)

ROI size (1<val<750) |7432 Length of scale bar (pixel)
TIFF ppi (1<val<99) [300 d=———= 1000

[] show the match circle

Edge grayscale dialog, resize and rotate dialog, and
the shift & center dialog, and scaling factor dialog.

58
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QSAED: load an experimental SAED pattern

ééé Quantification and Processing of SAED Pattern
Font Option Help

File Process OQuantify Paltern
gk e ald == 2B EEEEE

i

e 2
e

Resize, rotate, center, invert operations on
the SAED pattern.
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QSAED: fast to prepare the pattern

SAED pattern can be easily adjusted for the final report.
60
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QSAED: search for the basic vectors

:#: Quantification and Processing of S
- e —

File Process Quantify Pattern Font Help

T2 8 O QL[] =

Hit B8 B & @ B &

Refinement of reciprocal lattice in QSAED.

8+ Pattern ‘&

Beam blocker

2D Lattice
Refls. H K
1 1 0
P 0 1
3 -1 0
Search
Refl. Range
Q
Refl. Radius
e
Refine
Background

Loop |10 | Step |5
Prepare

Intensity
Resolution

® Sum of pixel intensity
2D Gaussian function

Extract

Refl. Indices
Threshold for Indices

HK hkl
vi{10)= [100
v2{01)=2 010

Transform

61
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QSAED: background intensities

+#: Background Viewe o

Search background intensities in QSAED. 62
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QSAED: improvement of an SAED pattern

o GD o] GO
o ©O o o O o
O QO
o O O o O O
o o O DD ] OD €3 DO
O o) O O o) QO
» 0P 58 ° 90,0525
O & O o
g o e " D
DD O Do D{'_‘; O Do
(0] o '®) o
: o © ° o o °
o 7 o (4]

(a) (b)

(a) Retrieved intensities and (b) adjusted intensities.
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QSAED: retrieve and display the intensities

§'§§ Quantification and Processing of SAED Pattern — O X

File Process Quantify Pattern Font Option Help

A OO TR EE == = il

Retrieval of intensities from EDP in QSAED. 64
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QSAED: linear profile retrieve and display

+#: Profile St}rllﬁ

Profile 5Style
Color ) Blue ® Red ) Green

Type Dot ® Line < Solid

HHHHD}*IEE

22 Line Profile Analysis — | X

Gridlines
Show at Step | 2

EcS

Analysis of line profile from ED pattern in QSAED.
65
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QPCED

E%E Quantification and Processing of SAED Pattern — ] d

File Process OQuantify Pattern Font Option Help

Quantification and Processing of
PolyCrystalline SAED Patterns

Highlight
» Ellipticity correction.
e Pseudo-color pattern enhancement.
* Max intensity profile and ring highlight.
* Ring intensities -> Intensity profile.
* Background subtraction.
» Profile analysis: peak profile.
* Retrieval of intensities.
» Lattice parameter refinement.

X.Z. L1, QPCED?2. 0: a computer program for the processing and
quantification of polycrystalline electron diffraction patterns, J. Appl.
Crystallogr., 45, 862 (2012). 66
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QPCED

Sl Quantification and Processing of PCED Pattern s O X

File Process Quantify Option Help

S BEEEL AR EEE

/’- \\' .

()

\, f

i
) it

__gg_.u_-/v | M
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QPCED

il Adjustment X

Image operation

Resize: x 1.00

—
' o ' =l Ellipse To Circle X
sl Transformation
—

: e ' Long axis |100
Image alignment Short axis (100

@ Mouse click Angle (%) u

— B (3]

] Arrow keys
_ _ Close
Circle guide
Display

Radius 180%'
Scanning lines
Display

Rotation (*) | I:Ilz‘_

Close

The adjustment dialog and (b) the ellipticity dialog. 68
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Preparation of a figure for publication.

69
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The profile of maximum diffraction intensities and
pseudo-coloring of an SAED pattern.

70
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QPCED

3l Quantification and Processing of PCED Pattern o O X

File Process Quantify Option Help

SIS EE AN N g E S

3l

Beam stopper block

Orientation 0

Width 0

Incident beam

Radius | =
Height 255|—
FWHM

Ratio

Integral Profile

) Pattern ® Ring

Radius

ah

! "‘\ ! e m I \
! 1 ] . i i ) W I 2 I
# al ' " i I" S o 1 o 7 |\. ] s 1 ; 1 |
o fll [ nh ,'u,l\lil o N a W .'ll o 'l'|||'|

b L
Y ,'nlf 'l.". ||' } ) ! 'Ip'\'l : oo “'II', f‘ . 3 'ﬁ'. ,I' .II I'\ i Il 3 / ol h ! .F"' "I'-' '
WOV VW ¥ RATIVAR b LAY .;".\JI.\,\/.* /

0° 20° 40" G0° an° 100° 120" 140° 160° 180° 200 220° 240" 260" 280° 300" 320" 340°
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/1

The 14th KH Kuo Summer School on Electron Microscopy and Crystallography



(a) (b)

i

o= 20°  40¢  EQ0* BO* 1007 120° 140° 160° 1EI:IrI° 200* 2207 2407 2807 ZB0° 300° 3I0° 340°
o loba bbby bbb belabo o bebo bbb bebo fobado bololo b badvlolalo ol olf

Intensity distribution along diffraction ring due to
texture. Carbon fiber composite as an example. 2

The 14th KH Kuo Summer School on Electron Microscopy and Crystallography



QPCED
0 Conversion

Beam stopper block
Orientation 0
| / N\ Width 0%
h/ \! I, Incident beam
Yooy |
h . i ¥
,. .'J \ Radius 52 |58
E g Height 266 o
FWHM 91 %
® pattern/Ring Profile FX| Ratio 0 j
a.

Integral Profile

{(#) Pattern () Ring

Radius

\/ \f" Width

W\ Convert

Remove the incident beam and average the intensity profile.

/3
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QPCED

M OPCED: Quantification of PolyCrystalline Electron Diffraction Pattern
Load Save Operation Tool About

B . BB AL ] 2 e (S

(531,365 || A X
Bl s mme s
Shep wacth | 15

Search

Lirs s Y ha O oy
* [] Show powts
Font (5 add  (OiDd

=

Background can be defined either automatically or manually.

4
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QPCED

(429,358)

M Peak Analysis E|
Search peaks

| Search |

. Edit peaks
Peak (») Add () Del
Refine all peaks

(#) Pseudo-Voigtian

() Pearson-VII
M1 parameters

Camera Constant Calibration d-Spacing Parameter

Peak position (pixel) |245.7 Pattern Resolution (ppi) 72 Adiust one by ane

Known d-spacing (nm) |0.2338 Camera Const. (am'nm) |2.027

| Update | Enter |

| Adjust |

Analysis of the intensity profile by fitting of the diffraction
peaks, least-square refinement and manual trial-and-error. 75
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QPCED

2l Quantification of PolyCrystalline Electron Diffraction Pattern SHECEL X

3l Quantification of PolyCrystalline Electron Diffraction Pattern

File Function Operation Tool Help

) @ m @ e (P L |rearson v KEY: sssss

File Functien Operation Tool Help

@m@ £ P f Pearson VII

KEY: jessss

Bar
Overlap=>5uperposed
i @ Overlap=Composed

1 |
' ' |
I ¢

.'; ;I | /\
N VAL

Ill.

\

(]

Bar
Overlap=>5uperposed

Overlap=Composed

/ A W)
2l Diffraction Peaks lil
MNo. Position Height d-Spacing {nm) Intensity (3.u.)
1 1598.4 30z2.2 .357 100.0
i " 2 225.0 8.0 . 315 1.5
" iy w
Th" T 3 343.5 132.1 208 64.1
4 3897.8 64.0 .178 22.9
5 527.6 30.9 134 12.3
& 586.2 9.3 119 2.7
Camera Constant: 2.5 {cm nm)

Pattern Resolution: 72.0 ppi

Retrieval of the intensities for diffraction peaks.
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HOLZ

% JECP/HOLZ: Interactive Simulation of HOLZ Pattern  — [ X

File Fine-tune Display Index Table Option Help

mii=lF= Rl =i =R

An Interactive Computer Program for
Simulation of HOLZ Pattern with

Correction of Dynamical Effect

Highlight

e Simulation of the higher-order Laue zone (HOLZ) lines using
kinematical approximation and a first-order dynamic
correction.

» Various schemes for indices of the HOLZ lines.

e Dual-view of convergent-beam pattern and HOLZ lines in disk.

X.Z. L1, JECP/HOLZ-an interactive computer program for
simulation of HOLZ patterns, J. Appl. Crystallogr., 38, 576-577 77
(2005).
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Formulas of the HOLZ lines under kinematical theory

A HOLZ line in the kinematical approximation is the locus of the Bragg condition for
a HOLZ reflection g. The incident beam Kk 1s described as k_  along -z and k, in
(x, y) plane. We may think of the HOLZ line as a function of K,, a vector which
originates in the center of the zone axis and extends to a point of interest in the central

disk, the trajectory is described by the following two equations (Spencer and Zuo,
1992):

£ o
2

R )

gk +ek -g k¥

Here: g2 =£:=*£: g2
s

If we use a paraboloid equation, ke=k- as an approximation of the sphere

equation, t.=.|E ~k;—k2) we end up with an equation for the HOLZ line trajectory
(L1, 2007):

a+Zayaq, P I IR AL £,
;4 . £y

J.C.H. Spence, and J.M. Zuo (1992). Electron microdiffraction, Plenum Press. 78
X.Z. Li, J. Mater. Educ. 29, 177 (2007).
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Zone axis

Ewald sphere

C Dispersion
Ewald sphere surface

C
. N
ko - -
Ol | g — N
//q ILQ-? / - l ,___/ﬂ:.'""_--'--'-r (€] E
O
(c) d)

Schematic diagrams to show the formation of the HOLZ lines based on the
kinematic approximation. (a) the rigorous kinematic model, (b) the “kinematically
incorrect” model, (¢) similar to the (b) scheme, but with curved HOLZ lines, (d) the
dispersion surface construction. 79

Ewald sphere
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Formulas of the HOLZ lines under first-order dynamical correction

In the first-order dynamical correction, it is assumed that only weak interactions occur
between HOLZ reflections, the position of a HOLZ line can be approximated by finding
the intersection between the zero-layer dispersion surface (k,=k,+y("), here y(1) is the
distance of the topmost excited branch of the dispersion surface from the sphere at the
zone axis itself) and a plane-wave sphere centered on the HOLZ reflection (Bithell and
Stobbs, 1989; Lin et al. 1989; Zuo, 1992).

When the incident beam is far away from a zone axis, the first branch of the dispersion
surface can be approximately considered as sphere with radii of k,=k,+y(!). Thus, the
dynamically corrected HOLZ-line equation is derived as (Li, 2007):

',l'.-l-',t,—'.l'.i-%-l-*-ll -ﬁ:-ﬂa"'r?)
When the incident beam is near or at a zone axis, the first branch of the dispersion
surface can be approximately considered as a flat plane with a distant of k,=k,+gV to the

origin of reciprocal lattice. Thus, the dynamically corrected HOLZ-line equation is
derived as (L1, 2007)

G tg) 10 45,) =r =k - +7° - 5)°

X.Z: Li. J Mater Educ. 29 177-(2007). 80

The 14th KH Kuo Summer School on Electron Microscopy and Crystallography



Schematic diagrams of the formation of HOLZ lines using the dispersion
surface construction: (a) weak dynamical effect and (b) strong dynamical
effect in a zero order Laue zone. The intersected lines are valid within the
first Brillouin zones and the extensions of the intersected lines to form
circles are for illustration purposes only.
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% JECP/HOLZ: Simulation of HOLZ pattern (v.2a) ©LANDYNE C=niey X

File Lattice Pattern Index Option Help
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A snapshot of the HOLZ panel with a HOLZ pattern.
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A snapshot of the HOLZ panel with .
a CBED pattern. 83
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JECFTHOLE: (BED |6H.2 patiern © D, L. L8

Film Seiieg Opien Loses Pasies  beip
CHEDHCLT Pameis

GUI of JECP/HOLZ with (a) a simulated and (b) an experimental HOLZ
patterns of S1 [553].
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SMART

<1'f'ljj:~ Simulation and Measurement with high Accuracy on a Rocking curve for crystal Thickness — — O *

Crystal Experiment Calculation Pattern Table Option Help

N EIRE N EAnNC B E
Simulation and Measurement with

high Accuracy of a Rocking curve for
crystal Thickness

Highlight

* SMART can be used for the simulation of two-beam CBED
pattern, including the absorption effect.

* Computer assisting the measurement of crystal thickness using the
experimental two-beam CBED pattern.

* Allow selecting a region of interest on the simulated and
experimental CBED patterns to .tif, .jpg. and .gif formats.

X.-Z. Li, Journal of Microscopy and techniques (to be published 2023). 85
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SMART

en‘]'jt Simulation and Measurement with high Accuracy on a Rocking curve for crystal Thickness — — O X

Bla

Crystal Experiment Calculation Pattern Table Option Help

IMEIEIEB NEErAEE e

LFl
EAl

Sera
=1

The graphic user interface of SMART. The rocking curve and CBED
pattern of Aluminum under the condition of two-beam and g(200). 86
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SMART

(a)

¢ Simulation .

Theory and wavelength

Dynamical theory with absorption
Wavelength A: 0.0251 (A)
File name: Aluminum {(default)

Parameters

reciprocal length g :1;‘#] b.4941
Extinction distance{:ﬁu 846.11
Specimen thickness t (&) | 2000

Display board
[] calculated rocking curve

[] Simulated CBED pattern

Adjustment
Curve vertical position
I [} 1
Curve height factor
Curve / disk distance

I~}
[ LI |

Curve | disk Bragg conditions

|
[ LA i 1

CBED disk radius

. v,

(b)

dijfy Measurement X

Experimental image

File name: default_smart.tif
Scale info: 0.1599 :ﬁr‘ﬁﬂﬂpixel}
Resize factor; 1.1587

Preparation
[ ]Full image of a CBED pattern

[ ] Disk position and radius

) disk o ) disk g
Display board

Retrieved rocking curve
Experimental CBED pattern

Data collection

Position of Bragg conditions

I~}
[ L

Guide mark on curve | disk

1
[ LA i 1

| Add-on |

| Remove ‘

Extinction distance and thickness

n= ][ cacuoe ]

(a) Control panel for simulation and (b) control panel

for measurement.
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qfijt Simulation and Measurement with high Accuracy on a Rocking curve for crystal Thickness
Crystal Experiment Calculation Output Table Option Help
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The halfway of the process; only the position and
radius of the o disk are defined.
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SMART

q[ijr Simulation and Measurement with high Accuracy on a Rocking curve for crystal Thickness — — O X

Crystal Experiment Calculation Pattern Table Option Help

NI (SN E AP = =

0=04941 1A ‘ |

The experimental rocking line and CBED disk. Local minima
are marked. 89
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SMART

quijj: Drawing of least-squares fitting X
(=il
(0,m (il
Result
Extinction distance £= 8476  (A) Effective thicknesst= 2073 (A)
Titangle:=[0] | () 8=[00 | () Foilthicknessta= 2973  (A)

The drawing panel and result table. Selection of nl (default value
=1) and calculate the extinction distance and specimen thickness
by the calculate button.
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ESPOT

@ Projected Atomic Potential Map - O X

Data EDP APM Option Help

FEEEE RIS
Electrostatic Potential (Difference) Map

Highlight

« ESPOT is an extension of SAED and QSAED.

e It can be used to calculate projected atomic potential map from
the calculated diffraction data, which is calculated from SAED.

 With the diffraction data retrieved from experimental pattern
using QSAED, the projected atomic potential difference map
can be obtained to analyze and improve the structural model.

* Three types of projected atomic potential difference maps are
available.

X.-Z. L1, Structural investigation of Zr,Co,, and Zr,Co,, . (MoBSi),

phases using quantitative electron diffraction data, J. Applied Cryst.,
in preparation (2023). 91
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@

Cal. pattern |Black |«

Exp, pattern |Black |+

Reflection style

® Circle I Disc
® Full ) Half
Display

[_] Resolution circle
[] Basic vectors
[ ] Zone axis

[] Crystal info

Close

@

Calculated pattern

Experimental pattern
Orientation 0.0°

[ -

Zoom 1.000
ety

[ - -

Scale 1.000
pal

[ "l

Resolution x 100%

>

Close

Amplitude (M cal. - N exp.)
w1-0 21-1
o211 03-2

Sampling matrix

Sampling on v1

Sampling on v2
Selected range

vl w2

From N1/N

To Na2/N

Calculate

100

100

0.0
10 |

[ ] Show unit cell

[] show grids

[ ] Show density

[] Show filename

Bezier curve 01
N layers 10
Grid on v1 10
Grid on v2 10
Noise filter (%) 0.0
Zoom 1
Shift X 0
Shift Y 0
i 1x1 i 2
2 1x2 O 2x2

Curve color ® =0 <0

) Blue
) Grey

i Red
) Black

Display

The main operational dialogs of ESPOT.

9z
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ESPOT

& Pprojected Atomic Potential Map — O X & Pprojected Atomic Potential Map — O X
Data EDP APM Option  Help Data EDP APM Option  Help
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(a) GUI of ESPOT with a calculated diffraction pattern; (b)
the GUI of ESPOT with a projected atomic potential map. g3
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(a) comparison of two diffraction patterns, calculated pattern and (simulated)
experimental pattern; (b) the projected atomic potential difference map based on the

diffraction data in (a). Missing atoms is revealed in the dot line peaks.

94
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ESPOT

X. Zhao, M. C. Nguyen,1 W. Y. Zhang, C. Z. Wang,1 M. J. Kramer,1 D. J.
Sellmyer, X. Z. L1, F. Zhang, L. Q. Ke, V. P. Antropov, and K. M. Ho, Exploring
the Structural Complexity of Intermetallic Compounds by an Adaptive Genetic

Algorithm, Phys. Rev. Letter, 112 (2014) 045502.

1 Exp Zr,Co,q 5 @25m/s r
i Exp ZrZCog.1 @45m/s B

Adaptive GA ZrZCo10
_A_AJQ A nihcnan o Ao |
T

Intensity

The Adaptive Genetic Algorithm
approach is demonstrated by
solving a long-standing puzzle
in the complex crystal structures
of the orthorhombic,
rhombohedral, and hexagonal
polymorphs close to the Zr,Co,
intermetallic compound.

The rhombohedral structure has
space group R32 with lattice
parameters a = 0.469 and ¢ =
2.40 nm, which match well with
experimental data.

95
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Rhombohedral phase 1s formed in Zr,Co,,_(MoSiB), alloy.
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ESPOT

Rhombohedral phase was synthesized in Zr,Co,,  (MoSiB), alloy.

a=0.469 nm a=0.469nm Length=0.27 nm

a80°a90°
9,990,530

Ci

along c axis

(a) (b)

(a) The structural model for Zr,Co,, from AGA and (b) the modification.

25

The 14th KH Kuo Summer School on Electron Microscopy and Crystallography



ESPOT

Rhombohedral phase was synthesized in Zr,Co,,_ (MoSiB), alloy.

aw

ay

v

%L«b
G

e
(b)

along a axis

v

(a) The structural model for Zr,Co,, from AGA and (b) the modification. =~ 98
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Structure
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CTFscope

[ CTFscope — [ X
File CTF Image Option Help

SO MEB L S0 8| s
Simulation and Visualization Tool for

Contrast Transfer Function
Highlight

e To calculate the CTF with temporal and spatial dumping envelopes
for conventional TEM

e To extend it to various aberrations (up to fifth order) for aberration-
corrected (AC)-TEM.

e It includes effects on the CTF and imaging due to the objective
aperture and image drift for tutorial purposes.

X.-Z. L1, An Interactive Simulation and Visualization Tool for
Conventional and Aberration-corrected Transmission Electron
Microscopy, Microscopy Today, Nov.-Dec. 1ssue (2022) 20-27. 100
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CTFscope

}.—!"' CTFscope

File CTF Image Option Help

— O

20O BB LSO E P

X

-1

[ Basic Params x
Display
® CTF 2 PSF-l .2 PSF-Il
Microscope parameters
HT (kV) |200
Cs (mm) [1.2 |
Focal spread A (nm) |27 |
Beam convg. (mrad) |0.1 |
Dumping envelope
[v] Temporal [v] Spatial
Underfocus /| Overfocus
Af=-63 nm
1_07
Marker
0=4.087 nm-"d = 0.245 nm

v
(b) Close

(a) [v] Marker Zoom

20

The main frame of the CTFscope with a graphic panel and
(b) a dialogue box for microscope setup and optical

parameters.
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CTFscope

[ Focal Spread b4 I"“" Other Params bt
Cc (mm) [1 2 Spherical aberration
Energy spread (eV) |0 4 C5(mm) 0.0
HT Ripple (ppm) |0.25 Astigmatism (]z], 8)
Obj lens instby (ppm) 0.5 A1 (nm,?) [0 0 o=
Focal Spread A (nm) 2.7 A2 (nm.*) [0.0 oH
(a) Calculate A3 (pm,S) 00 | 0
iy A4 (pm,®) (0.0 o
[ Apert. & Drift X AS (mm,®) 0.0 0
Aperture Coma (|z}, 8)
Center x (nm-") |0.0 B2 (nm.*) [0.0 | =
Centery (nm-7) 0.0 _ B4 (pm,*) 0.0 o
Radius r (Rs) | Off — .
: Star aberration (|z], 8)
e | $3 (um,”) 0.0 o=
Azimuth (°))  0—
' Three-lobe aberration (|z], 8)
Speed (nm/s) 0.0
_ D4 (mm,?) 0.0 0
Time (s) (1.0
(b) Close (c) Sl

The dialogue boxes for (a) focal spread coefficients, (b) the parameters for an
aperture and a continuous drift, (¢) astigmatism coefficients, and other higher

order aberration coefficients.
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CTFscope

| CTFMap ¥ | eCiEMzn s
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v Marker Zoom © O 0
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| Marker Zoom A ——= 20 [} '.'..!
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a~
| 98

The display panel for the calculated CTF in (a) a pseudo color (b) a grayscale I
(from O black to | = 1| white), a grayscale II (from 0 white to |== 1| black) and (d)
a grayscale III (from -1 black to 1 white). The circular marker 1s in (b ~ d). 103
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CTFscope

[ CTFscope - 0 % | b= Crrscope
File CTF Image Option Help Filie CIF Image Option Heip
* ' % e = o limlaml o lmml g Lol Nratlonl ~lol &
w00 | LS e B o E L LB RS WS T E -
TETm
L\ —
(a) || Marker Zoom {} 20 i) | Marker Zoom 2.0

The point spread functions as the Fourier transform of
(a) the CTF and (b) |CTF]|.
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CTFscope

(a) An original 1mage before processing, (b) the
processed 1mage using CTF, and (c¢) the processed
image using |CTF|.
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The calculated images using the same parameters in Figure 1 of [S. Uhlemann,
M. Haider, Residual wave aberrations in the first spherical aberration corrected
transmission electron microscope, Ultramicroscopy 72 (1998) 109-119.]
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CTFscope

= CTF Map X || | Basic Params X || [ Focal Spread X || | Other Params x
Display Cc (mm) 0.5 fat g
® CTF O PSF-1 O PSF-II Energy spread (eV) 0.13 C5 {mm) 10.0
Mirrnerana naramatare HT Rinnle (nonmi 0 5
.......... na paramaters pple (ppm)
HT (kV) |200 Obj lens instby (ppm) 0.2 ¥ —
Cs (mm) D 00041 Focal Spread A (nm) 0.46 Az 4 a#
Focal spread A (nm) 0.46 (c) [ caicuate A3 —r
Beam convg. (mrad) (0.15 ad 197 ,.)';‘
i Dumping envelope AS( 0=
= i - :
E E v| Temporal |v Spatial Com
P SRS G = e
A& EER8S [ —r o A
F B e Underfocus / Overfocus B2 104 F—
L™ S am . T
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N 5 I—\ -~
o Star aberration {|z], 8)
el s3um= 0625 | 65—
k=9.56 nm-*, d = 0,105 nm —
gy T Thiee-lobe aberration {izl, 9}
D4 {mm,") |0.0 o
(b) Close P
iaj Ciose
nr
1Y p—
d} v | Marker Zoom =i/ 0.34

The CTF 2D graph without aperture and drift, calculated using CTFscope using (b-d)
the same parameters as those in Figure 4 of reference [S-C Lee, J-M Jeung, S-G Lee
and J-G Kim, Journal of Analytical Science and Technology 11 (2020) 31. ]. 107
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EMIPA

%, Electron Microscope Image Processing and Analysis — O X

Image Tool FFT Output Option Auxiliary Help

2R 18 ] B e W 18] E e B @
Transmission Electron Microscope
Image Processing and Analysis

Highlight

* Convenient tool for selecting area, resizing, and rotation of
experimental images.
* Measure the scale bar and transfer to selected image, FFT pattern
and IFFT image.
* A series of intensity profiles on HREM images can be retrieved and
compared.
» Square and Inscribed circle of an arbitrary length for FFT.
e Varies of masks are available for inversed FFT images.
* Tools for adding scale bars and indices for processed images and
FFT patterns. 108
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EMIPA

%, High-Resolution Electron Microscopy - Image Processing and Analysis == a X

Image Tool FFT Output Option Auxiliary Help

LI e B .
- e w0 TR e w

o
MR A R

-n bow

The GUI of HREM-IPA with a drop-down menu and a

toolbar menu. The panel shows an electron microscopy
image as an example. 109
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EMIPA

%, Caliper X %, Image Adjustment X
Caliper & scalebar label Contrast inversion
vl Show |2 - Image adjustment
Length (pixel) & angle (°) |Z| Image center
50| p.7F4 Mouse pointer and right-button
Close (a) Resize image
. =)
%, Scale bar b Rotate image
Length v 0=
® Onimage 2 nm = (b)
ose
! On FFT 5 1/nm
) On IFFT 2 nm %, ROI X
Position Image FFT/IFFT _
Shift x |-20 Shifty |20
v| Show region of interest
<« Left Right »
: : Rectangle area
Option - "b 400
X (53 :
Fontsize 40 . y .
— w (500 h (500
Color white | . |
Thickness 6 - Save Close (d)
Close (C)

The 1image operation tools (a) caliper, (b) adjustment,
(¢) scale bar, and (d) ROL. 110
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%, High-Resolution Electron Microscopy - Image Processing and Analysis

Image Tool FFT Output Option Auxiliary Help
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on the scale bar. An area 1s se
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1 Line Profile X

Display grids on background

Grid spacing on background

tza:zE +(1110)* EE

Color and style of profile

C)Dot @ Line O Solid

Add Undo Save

(@)
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V) la' "‘/A ;' W

(a) The line profile analysis on an image and (b) the line-

scan profile. HREM image was taken in the Mn,RuSn

Heusler alloy. 112
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%, High-Resolution Electron Microscopy - Image Processing and Analysis (=] X %, High-Resolution Electron Microscopy - Image Processing and Analysis - (m] x

Wmage Tool FFT Ouiput Option Auxiliary Help Image Tool FFT Outpul Option Auxiliary Help

e
.
e, ¥
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TP ]

By e
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_____
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(a) The image HREM 1mage was taken in the Mn,RuSn
Heusler alloy, (b) An array of the image spots can be
retrieved from the image.
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EMIPA

' FFT and Inw-FFT — O ot

‘12 Area Selection >
¥| Draw the area frame

& Sguare Circle
Radius (% )

Frame color |Red -

Stroke width 2 -
Close
S FFT/IFFT | G FFT/IFFT *
FFT =+

Autocorrelation

Inverted contrast

v Display of unit cell
Pseudo color
Replacement

Adjustment

Zoom .

Brightness [

Gamma |3

Close

Autocorrelation

Inverted contrast

+ IFFT
v | Display of unit cell
Pseudo color
Replacement

Adjustment

Zoom =
Brightness

Gamma |3

Close

The FFT pattern from the HREM image and a circular

mask.
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EMIPA

71 FFT Mask X || %
. Display
© ’ j (HK)[10 | (hkD[100
(HK)[01 |3 (thkn|010
} { Position
= Shift x [0 Shifty |0
Option
(a)|[™" -
Font size 120 =
% Reflection Array X Color [ -
Radius adjustment V| Hide Close (b)
Reflection scope

Basic vectors

Image | FFT/IFFT
9 Vector (h,0),h= |1 |

v| Show region of interest
¥'| Reflection h array 9

Rectangle area
Vector (0,k), k= |1

Reflection k array w |50 h |50

(c)

Save Close Save Close (d)

The output of the FFT pattern with two basic indices and
a scale bar.
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EMIPA

N
My
-

The IFFT pattern by using a mask with a pair of reflections (1 0 0) and (-1 0 0).
Two dislocations cores are pointed out by arrowheads. 16
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(a) HREM 1mage and (b) the IFFT processing image of the
main compound in the Fe;Co,T1, alloy
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A Real-Time Logging System for Managing Multiuser Equipment

X

Login interface

A

A

License key

Administrator ?

User registration

Y

A

d Log in Log out * Save usage info |

A

Valid user ? >

A 4 Yy

User ID, PSWD | Logbook |< User’s Note

A flowchart of software design for the RTLS. Three main functions are
indicated in bold frames.

X.-Z. Li, A real-time logging system for managing multiuser equipment, Microscopy 119
Today, January (2018) 2-4.
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A Real-Time Logging System for Managing Multiuser Equipment

X.-Z. Li, A real-time logging system for managing multiuser equipment,
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Landyne and Landyne+

The components in the Landyne and Landyne+ software suites

Software
PTELS
SVAT
SPICA
SAED
PCED
QSAED
QPCED
HOLZ
SMART
SAKI
TEMUC
ESPOT +
CTFscope +
EMIPA +
EMCIP +

Description of components in the Landyne suite
Periodic table of the elements for the Landyne suite
Structural viewer and analytical tool including atom cluster and layer.
Stereographic projection for interactive crystallographic analysis.
Simulation and analysis of electron diffraction (spot) patterns.
Simulation of PCED (ring) patterns and phase identification.
Processing, quantification, and analysis of SAED (spot) patterns.
Processing, quantification, and analysis of SAED (ring) patterns.
Simulation of HOLZ pattern including dynamical correction.
Simulation and measurement of rocking curve for crystal thickness.
Simulation and analysis of Kikuchi lines and double diffraction effect.
Lattice determination of unknown structure in TEM/ED experiments.
Electrostatic potential maps derived from electron diffraction patterns.
CTF simulation and visualization for conventional and AC-TEM.
HREM image processing and analysis
HREM image crystallographic image processing
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Landyne 5, a Software Suite for Electron Diffraction
Simulation and Crystallographic Analysis NCMN
ane2nona . N@braska Center for Materials and Nanoscience, University of Nebraska, Lincoln, NE 68588
N i A
' il

The Landyne suite peeD s for P
Li, Ulramicroscopy 110 (2010) 297-304.

N
pattemns and for phase identification. X.-Z HOLZ 15 used to calculate the HOLZ hines with dynamieal correction. X.-Z. Li. J. Appl. Cryst., 38 (2005)
576.

1 of ot 1 1

electron

Landyne (computer software) was registered in 2010 by X.-Z. Li and
Jane Li in Lincoln, NE. We developed a software suite for electron
diffacti ion and ic analysis. The in
the software suite can be classified as three categories according to their

| &

: a Lt (a) ] o

Reiely ek i D e || (@) 4 ®)[ Figure 18, (a) HOLZ simulation and (b) EDP of Si [001]

Landyne suite in a compressed file, landyneS 7z, can be Figure 7. (a) The GUI of the PCED with the Figure 8 (a) Phase identification using experimental swarT is for simulation and measurement with high accuracy of a rocking curve for erystal thickness.

from the author’s website, listed below with QR codes. simulated electron diffraction pattern of Al (foc)  and calculated PCED pattern of Al (fec). (b) a phase The simulation of two-beam CBED pattern includes the absorption effect. Computer assisting the
Figure 1. Landyne software suite and Mg (hep) phases. (b) a calculated panel and using and of erystal thickness using the experimental two-beam CBED pattern.

Lusscher is a desktop dock for the Landyne software suite. Figure 2 shows a snapshot of the launcher, (c) a parameter table. <alculated the infensity profiles of FePt L1y
‘which allows software components to be selected m the Landyne software suite

srrerva. = = (ﬂ!im (hﬁm ()= =

Figure 2. Landyne Launcher. T S— e R s
\ £ ) m Figure 19. (a) The rocking eurve and CBED pattem of Aluminum under the condition of two-beam
f ~ ’_.

QPFCED is used to process experimental SAED patterns of polycrystalline phases, including pattem
and ring of intensity profiles from SAED patterns, and from
selected rings. X.-Z. Li, J Appl. Cryst. 45 (2012) 862-868,

@ and @(200). (b} Local minima are marked and (c) The drawing panel and result table.
- s

PTELS is a periodic table of elements for Landyne suite. It provides the radii of the elements. It provides a (1) (b) ©
tool to get the molecular mass

CTFucope provides a practical tool for CTF simulation, visualization, saving, and edit for graphics and
microscopy condifions. which extends to various abermtions (up to fifth order) for AC-TEM. A

Figure 9. (a. b) Processing and (c) intensity profile of a PCED pattern. Figure 10. Intensity profile visualization of CTF is the key to fully understand the application of the function. It also includes the

along diffraction ring. envelope effects due to an aperture and a drift on the CTF and imaging, together with image

SVAT is a computer program for of th | crystal structures, saktis for simulation Kikuchi pattern and double diffraction effect on the forbidden reflection spots. It transformation based on CTF and |CTF| for a tutorial purpose. X.-Z. Li. Microscopy Today Nov-Dec.
including chemical bonds and magnetic moments. A multitude of finctions, e.g., revealing atomic provides tools to determine the precise orientation of crystal grains. X -Z. Li, J Marer Ed, 42:1-2 issue (2022) 20-27.

layers and polyhedral clusters, are available for further structural analysis. Atomic sizes, colors, (2020) 97-104
view directions, orthographic, or perspective views are adjustable. The customized work
for the visualhization and analysis can be saved and then reloaded. X.-Z. Li. J Appl. Cryst, 53 (2020)

545-853 n SoviE _
b , B o i
= o, , ] 4 o Figure 21 The calculated CTF difftactograms

with various astigmatic values

Figure 11. SAED and Kikuchi ~ Figure 12 SAKI traces the  Figure 13. Simmlated of the -
@ ® pattem with indices simulsted  Kikuchi line-pairs for the Kikuchi pattems comparing Figure 20. The main frame of the CTFscope
by using SAKI orientation determination. with an experimental pattern.

Figure 3. (a) the crystal structure of ALMn phase, (b) a cluster, (c. d) a selected layer structure. ] £sPOT can be used fo calculate the projected
sAED is for simulation of SAED patterns and to find the zone axis of an experimental SAED pattern. X - SPICA is used for ) b and analysis. X.-Z. L, J. atomic potential maps from the calculated
Z. Li. Microscopy and Analysis, May issue (2019) 16-19 Appl, Cryt, 49 (3016) 18181825, diffraction data, which is derived from
SAED. In combination with the diffraction

! g data retrieved from the experimental pattern "
using QSAED. the projected atomic Figure 22. (a) A [001] projection of the Fe,0,
W potential difference map can be obtained 10 structure, (b) the simulation of SAED pattem
J L ¥ analyze and improve the structural model generated from the SAED software, and (c) the
™ « ®) — Figure 15. Composite stereogram of the orientation projected atom potential map generated from the
= ) Figure 14. GUI of SPICA relationship between the a-Mp/y-Mg,;Al,, ESPOT software
Figure 4. SAED pattern of Pt-Bi thin film, which Figure 5. (a) Measurement of basic reciprocal
consists of the twin of yPiBi, and coexisted vectors in the experimental EDP of Cu,S ‘ EMIPA provides fimctions for some basic image
gonal PiBi phase, (a) experimental EDP, (b) unanofibers. (b) Simulated EDP of Cu,S in the % manipulations, FFT, a set of masks, and IFFT.
lated EDP and (¢) simulated EDP of y-PiBi, [2 1 1] zone axis. é P
saED i used to caleulate the intensities of L * Convenient tool for selecting area, resizing, and
experimental SAED of single erystal. X.Z. Li, Figure 16. Display of Kikuchi maps Figure 17. Caleulation of tili angles in TEM milationof eupetwienial miagesc
Micros. & Microanal,, 2053 (2014) 1486-148 * Aseries of intensity profiles on HRTEM images
Tenuc has been developed for unit-cell determination of erystal phases using electron diffraction data can be retrieved and compared.
. A user-fiiendly graphic interface was designed for the following operations, (i) a reciprocal lattice is « Square and Tnscribed cirele of an arbitrary length
*  to quantitatively refrieve the intensities of reflections; ! reconstructed from a tilt series of electron diffraction pattems; (ii) a Niggli cell is generated from the for FFT. - .
+ to mensure the reciprocal lattice spacin "" © two SAED patterus in a till series; iii) a Niggli cell is generated from three electron diffraction + Varies of masks are available for inversed FFT Figure ;m‘;’“:i“'ri\hzg"““ii *‘IZ‘E“’:“:::
. o a v @ a . attems, in which each pair shares a common reflection vector; (iv) a conventional unit-cell is lmages. -
at’k:i‘:ﬁ:efd S i el o FARON 6Cu); B SAEE) pumiod,(b) canieeed g ﬁm[ialzllggla L X s .‘lyrl-.:: Ty e = . Tunf:lhradd.mg scale bars and indices for compound in the Fe,Co;Ti,alloy
At processed images and FFT patterns.
™ 7\ o\ »
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