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1. Introduction

What can PhIDO be used for?

Phase identification: PhIDO tells you which compound your sample corresponds to, by
comparison of the observed d-spacings and angles of an electron diffraction pattern with a
database of known substances.

Indexing: PhIDO indexes automatically the electron diffraction pattern when the sample
is identified and gives the zone axis and the indices of two reflections with the shortest
reciprocal lattice vectors.

2. Installation

The PhIDO program is incorporated, together with ELD in the software package CRISP
supplied on a CD. PhIDO will be installed automatically when CRISP/ELD is installed
(see more details in the CRISP installation).

PhIDO is active when an ED pattern is loaded and a lattice refinement has been
performed by ELD.

3. Preparation of database

Database format

The information needed for PhIDO is: lattice type, crystal system and the cell parameters.
This information is stored in a database file called PHIDO.TBL under the same directory
as CRISP.

The database of known substances is stored in ASCII form, allowing the user to modify
and extend it. It can be edited with, for example, Notepad, or any other text editor. If you
use a word processor such as Microsoft Word, you must save the file in plain text mode,
not in the format which is used by the word processor.

An initial database containing 77 common phases found in steels is provided in
PHIDO.TBL. The format of the database is as follows:



B Phido tbl - Notepad _ (O] x|

Eile  Edit Search Help

m—HiM 1 2 3.528 3.528 2.638 90.0060 99.808 99.08080 =~
CRZ2H P31m 1 3 4. 811 4_811 L 484 90.068 90.888 120.0880
CrZzH P31m 1 3 2.758 2.758 4 439 90.068 99.888 129.088
FCC-Fe Fm3m 3 1 3.GREL 3.58E 2.585 90.000 99.8808 99.000
BCC-Fe Im3m 2 1 2.878 2_878 2.878 90.068 99.888 998.088
H23CoFm3m 3 1 18.621 18.621 18.621 98.880 90.608 90.808
H6C Fd3m 32 1 11.808 11.066 11.080 90.000 90.008 90.008
FeCr P42/mnm 1 2 g.79a g.79a L ohh 90.0080 90.800 99.000
Felo P42/mnm 1 2 9.188 9_188 4 812 90.000 990.808 99.000
LavesP63/mmc 1 3 L 7hi L _7hi 7.720 90.0680 90.0068 129.000
Chi I43m 2 1 §.9088 §.988 §.908 90.6068 99.888 998.0880
WC Po6/mmn 1 3 2.904 2.904 2.835 90.000 90.000 1290.000
HbC Fm3m 3 1 4431 4 431 4_431 90.068 99.888 998.088
TiC Fm3m 3 1 4 328 4_328 4328 90.068 99.888 99.088
HoC Fm3m 3 1

L.27Y L.27Y L. 274 0QA.800 O0.888 O0.008 v|
A

ENAREREEE

Substance Lattice Crystal a
information type system

e Substance Information
The first 12 characters are names which identify the substances.

e Lattice type

The numbers in this column correspond to Number | Lattice Type
the Bravais lattice types. They are defined
on the right. 1 P, primitive

If the lattice is A or B centred, the lattice 2 I, body centred
vectors have to be redefined (exchange
the vectors a, b and c) to be converted 3 F, face centred
into a C-centred one. 4 C, C-base centred
5 R, rhombohedral
Number | System
e Crystal system
The numbers in this column correspond to 1 cubic
the crystal systems. They are defined on 2 tetragonal
the right.
3 hexagonal
4 orthorhombic
e Lattice parameters —
) 5 monoclinic
The following 6 columns (Columns 4 to 9) S
then give the lattice parameters, a, b, c, in 6 triclinic

Angstroms and o, B, y in degrees.



2.

Modify the database

You should add your candidate substances in the database PHIDO.TBL. For example, here
two phases (marked in the table below), Li2NaTa7019 with a = 15.23, h = 23.57 and ¢ =
3.84 A and K-Nb-O with ¢ =23.73, b = 11.67 and ¢ = 7.84 A are added in the database
PHIDO.TBL. Both have primitive lattices and are orthorhombic, so a, B and y are all 90
degrees.

B Phido.tbl - Notepad _ O] x]
File Edit =Zearch Help
4 1L5.23 90.4880 90.0084

-
1 4 23.73 90.988 99.848
L-HiH 1 2 3.528 3.528 3.638 90.080 909.868 99.848
CR?H P31m 1 3 L _811 4 _811 L_484 90.080 90.860 1?90.848
Cr?2H P31m 1 3 2_7%8 2.758 L_439 99.4080 90.0860 1?90.848
FCC—-Fe Fm3m 3 1 3.58G 3.58L 3.585 90.080 909.868 99.848
BCC—Fe Im3m 2 1 2_8B78 2_878 2_878 90.080 90.868 998.608
M23C6Fm3m 3 1 18.621 18.621 18.621 90_.886 90.0680 99.0468
M6C Fd3m 3 1 11.888 11.68080 11_.608 90_.886 90.0680 99.0468
FeCr P42/ mnm 1 2 8.798 8.798 L Shlh OQJ_0B0 90.8608 99.608
FeHMo P42/ mnm 1 2 0O_188 0_188 L_B81?2 00.080 90.868 998.608
LavesP63fmmc 1 3 h_7hA h_7h48 F.¥f20 9Q9_0068 90.800 128.0888
Chi I43m 2 1 8.988 8.988 8.9 90.0068 9Q8.800 9Q8.888
UC P&/7mmn 1 3 2.904 2.9084 Z2.835 9Q0_.0068 90.800 128.0888
HbC Fm3m 3 1 L _ 431 4 431 L 431 909.0668 98.800 9Q8.888
TiC Fm3m 3 1 L4 _328 4 _ 328 4. 328 90.080 90.008 990.888
0 ﬁ




1.

4. Preparing input for PhiIDO

How to digitize the ED patterns?

The ED patterns can be digitized for example with CRISP or other equipment. In order to
know the cell parameter, one has to know the digitization constant, i.e. the number of
pixels one millimiter in the ED negative corresponds to. This can be calculated from for
example a millimeter paper or an ED pattern with known d-values digitized under the
same magnification as the ED negative films (see ELD user manual 5-3 to 5-5).

ta-388.pcx - 612x612x8 (1:1) [_[O] x|

Ta-453.pcx - 512x512x8 [1:1)
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ED patterns (ta-388.pcx and ta-453.pcx) from two different zones axes taken from the same
crystal, with 6.5° angle between them (included in the supplied CD).

Prepare input data by ELD

Information: before processing an ED
pattern, information about the conditions
under which the ED pattern was taken
and digitized should be given in the
Information dialogue box. Activate the
box next to Diffraction pattern. Then edit
the accelerating voltage, camera length,
digitization and if necessary the aspect
ratio X/Y. The ED constant will be
calculated from these data. Save the now
calibrated diffraction pattern back to the
disk. (If you don’t save, the calibration
information will not be preserved.)

Informnation on < T a-388. poxs
— Microscope parameters

JEOL 2010HT

focholage [2000 (kY]
Sph. Aber. I'I_ [rrn)
Defocus () [578 (&)
Defocus [v) [578 (&)
dgmuth («u) [T ()
Def. Spread [T [A)
Egnvergencelﬂ— []

— Specimen parameters

Beam til IU [’
Specimen Lilt ID [’]
Thickness |1 [&]

— Camera length (v —
|1EIEIEI M
— Digitization i
Along ¥ [127613 [pisdmm
—ED constant [d*R]———
Along # |3U5 [&#pixel)
—Azpect B atio
Azpect =57 |‘| %]
Comect |

Iv | Diffraction pattem

pdate I

Cloze




e The parameter ASPECT X/Y present in the Information Panel gives the difference in
calibration between the horizontal (x) and vertical (y) directions in the electron diffraction
pattern. Some TEMs, scanners and CCD cameras may not have the same magnification
along the x and y. If there is a significant difference in magnification along the x and y
directions, this should be corrected by editing the Aspect Ratio and then pressing the
Correct button.

e ED processing:

a. Indexing the ED pattern manually, using a primitive cell. You should select any three
reflections which do not lie on the same line (will be marked by red (1), blue (2) and
(3) crosses, respectively) and give their indices in 2D under h and k.

IMPORTANT! The shortest reciprocal vector in the ED pattern should be indexed as
1 0 (U) and the second shortest as 0 1 (V).

ta-388.pex - 512x612x8 (1:1)

ELD on ta-388 pcx ]|

— Estimation I Indes
" |ntegration = Amp,
v itk v
IEERRERRT T L LT O R S Int Fass |4_ | [@,a8)
Estimalelr Protocal - Swnth I
Save... | Clear Iis_tl Cloze | [ a0

 Lattice Dizplay
Refe h k[ 500| |T Man
a0 [0 |eessiezm ||| Shape
' g|1_ |1_ MR= V¥ Zaom
C Em ID_ V¥ Unbend I™ Zaariy

Refine ||_ Aute [ Cent,

[ Remave ted reflections

[ Marks

[

b. Activate “Unbend”, then click on M. ELD will find the position of each diffraction
spot from the three indexed reflections and then refine the lattice parameters using all
the diffraction spots.



5. Phase identification

1.  Phase identification from one ED pattern

e When the lattice refinement has been performed Options  Window  Help

by ELD with the ELD window still active (blue ElN pracessing gl =
on the top of the ELD dialogue box), the PhIDO E calibratian

program can be started by clicking on ELD in the Phase |dentifiaction

main menu and selecting Phase Identification: ED Bad. Dictribution Cirl+R.

A Dialogue box Phase Identification will be open.

e The PhIDO Dialogue contains two Phase ldentification from d-spacing {ta... E3

halves, Lattice 1 and Lattice 2, one for Lattice 1 ———————  Lattice 21

each ED pattern. PhIDO will search U Joodze VAxfan x| U fo0ezd A0 %

the database for substances which R PTEEE VS PR v [o41e9 14220 %
contain zones which would give the U~y [30489 ¢+ xf2o uvfooses - sfzo -
lattice or lattices observed. For each 12 [Fo000 -+ 70 -
lattice, the lengths of the lattice vectors & matches (2 phasss]

U and V (lIl A'l) and the angle Find I Save...l Clesar list I Closel
between them (UMV in degrees) are | 1 a2 8 2 30 8 3-210.469 0,000 0,001 =1

specified, together with a tolerance (in
percent and degrees, respectively) for

deﬁning a “hit” with a possible lattice {iaNaTa?013 1 Latsiseslrthorhonbis , Simple (F1
i the database. The lattoe vertors U | 24 8 § 8107 38 i aaliel
n the database. ¢ latlice vectors @ 5 B-1[ 1 B 5] B.459 8.600 8,681

@ E B 1[-1 @ 5] B.469 B.000 B.001

and V and the angle between them =S
(UMV) determined by ELD will be Kt~
1
1
1

Latt ice=Orthorhombic , Simple (P)
- -2 2] B.459 9,888 B.001
2 2] B.469 @.8688 B.661
-2 -2]1 B.469 @.8688 B.661
3 -2] 8.469 G.868 0.0681

given automatically in the dialogue
box in Lattice 1. The default tolerances
are 2%, 2% and 2° for U, V and the
UMV, respectively.

o@D E oSO o
oo Do

e  Click on " |t search the database for hits. When the search is finished, the number
of phases and the number of matches (zone axes) found will be given (here two phases
Li2NaTa7019 and K-Nb-O are found). The corresponding indices for the lattice vectors
U and V and the zone axis for each match are given under the column U1, V1 and [Zone
axes], respectively. The respective errors for the angle between the two vectors U and V
are given under UMVerr (in degrees) and those for the two vectors U and V are given
under Uerr and Verr (in A™), respectively.



e This list can be saved in a file with Save Phido list (7] x]
238 | The list can be cleared with saven [ Soneke e
ﬂl. Close the PhIDO
dialogue box by clicking on ﬂl
File name: — [Li-Ta0] Save |
Save as bype: [List fies =l Cancel |

2. Phase identification from two ED patterns

e Ifyou have two ED patterns taken from the same crystal and the angle between these two
ED patterns are known, you can make the phase identification more accurately. Process
the second ED pattern in the same way as the first one and run PhIDO:

Ta-453.pox - 5124512x8 (1:1)

ELD on Ta-453.pcx |
— Lattice Dizplay
=22 6334 b
Refls h k| 5 7e08 i
_ e [0 |v=ss.eez | || Shape
T T R T ES T N 0 r_,EID— I_I— Ok= 15 FZDDI'I'IK.
. s . FEIF IU_IFUnbend

Eefine ||_ Autn [ Cent.

— Estimation

" |ntegration & Amp.
% Shape fitting & Int,

Pazz 4 |4 ta, |
Estimatelr Frotocol Sunth I I_ |

[~ Remove ‘red' reflections Sage.__l Clear |i3-t| Close | ™ 305>
| =l

ED processing performed on ta-453.pcx. Note that the diffraction rows with weak reflections are
from high order Laue zones and should be ignored when indexing, so the Reflection 2 (blue) is
indexed as 0 1.

CERERRR Y 2 2 2 ) Ll L)




e Similar to the ED pattern ta- Phase ldentification from d-spacing (ta... E3

388.pcx, PhiDO found two SEAES e
phases from the database, U [ood2z 148 £ [20 % (T [TATEEN V-
Li2NaTa7019 and K-Nb-O, v [o370s 144 £[20 % v 03708 1A 20 %
which may i\;e similar ED T e uv[Eas - [0 -
patterns as ta .pcx. e 2o 1%9 W . |— .
Firnd | Save...l Clear list | Cloze |
| 1t a8 ® 4 10 8 1-41 5.392 0600 0.605 =1

CisCrispwin>~IMHGE~ta—455 pox . Phase Ident if icat ion

[fone aues] USlerr Uerr  Uerr

: Lattice=0Octhorhombic , Simple (P
-1 [ -1 @ -4] 8.393 6.608 A.681
10 1 &8 -4] 8.598 0.688 6.861
-1 [ 1 @ 4] 9.392 0.088 6.081
1 C0-1 & 4] 3.395 9.688 8.8681

i Lattice=Octhorhombic , Simple (F]
-4 -1 [ 8 -1 4] 8.392 6.6808 B.005
-4 1 [ B8 1 4] 8.395 §.808 BH.0885
4 -1 [ 6 -1-4] 8.39%8 6.808 §.0685
4 1 [ 8 1 -4] 8.298 H.608 BH.005

e Cross the box next to Lattice 2. Phase Identification from d-spacing (ta... B3

Ll )
Ll )

Fill in the parameters U, V and Lattice 1 rlattice 2
UMV for the second lattice, U [oo42s 1dez0 % U Joo4z4 1B 220 %
obtained from the other ED y  [03704 14h =20 % v [04193 1 £[20 %
pattern (here the parameters are ur[303% ¢« 20 U5 =20 s
from ta-388.pcx). Give the N =
angle between the two ED [ 4 matches [1 phases) Tels -
patterns in the box 172 (here Find | [Save. | Clearlit | Close |
6.5°). Change the allowed

. . | 1 @8 48 10-1884 818 58 10-1/r]
tolerances if needed. Then click

: File @ Ci~Crispwin~IMAGE-ta—452.pcd, Phase Identification

on M to search again.

Now only one phase
Li2NaTa7019 is found.

U ui [Zone ax.1] uz uz [Eone ax

LiZHaTarFol12 t Oethochombic . Simple (P)
5 -1 4 a-10-1 &-4] 8 -1 @
8 1 [ 1 8 -1

(5]
1 [ -1 @8 41 5]

-1 @

gk N

Ja] 5]
[5] =]
a a

o
-
-

|
-
P

e The corresponding 3D indices for the reflections 1 0 (Ul) and 0 1 (V1) in the first ED
lattice are listed under Ul and V1. The corresponding zone axis is under [Zone ax. 1].
The corresponding 3D indices for the reflections 1 0 (U2) and 0 1 (V2) in the second ED
lattice are listed under U2 and V2. The corresponding zone axis is under [Zone ax. 2].

e In general, different phases may give ED patterns with similar lattice vectors U and V, so
the number of phases which may match an ED pattern will be more than one, especially
if the ED patterns are not from the basic zone axes. Combining two ED patterns normally
will give you a unique answer which is the correct.



