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Solving nanostructures with
energy filtered precession
electron diffraction

As nanomaterial applications become widely available,

reliable characterization of corresponding atomic

structures is becoming very important. Conventional high

resolution electron microscopy (HREM) imaging is an

ideal technique to characterize nanostructures, however

it remains extremely challenging to solve 3D crystal

tructures  with  imaging  techniques  lone. 

Precession electron diffraction (PED) is a novel TEM

technique that allows one to solve 3D crystal

nanostructures “ab-initio” by exclusively using electron

diffraction intensities under quasi-kinematical

conditions (like X-ray diffraction). Ab-initio structure

determination of nanomaterials with PED has been proven

very successful in TEM for a variety of nanocrystal 3D

structures ranging from oxides, minerals, metals and

organics. 

LIBRA® 200 with ASTAR
Advanced Nanocharacterization
Platform
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Figure 1: LIBRA® 200 Cs TEM with DigiSTAR - ASTAR platform; 
collection of several zone axis PED intensities of mayenite and use of direct methods can reveal the crystal structure.
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Figure 2: LIBRA® 200 zero-loss filtered PED pattern of mayenite Ca12Al14O33 cubic mineral; FOLZ reflections are clearly seen 
thanks to the large (100 mrad) angular range of the corrected in-column OMEGA filter. Use of software (Space Group Determinator,
Calidris) allows to identify automatically point and space group after ZOLZ and FOLZ observed periodicities.

Precession interfaced with the LIBRA® 200 allows one to

operate up to 80 mrad maximum precession angle and

saves in memory different alignments for various PED

angles. Furthermore, it is possible to correct on-line

spot size aberration effects caused by high

precession angles. The combination of the PED interface

and the latest generation in-column corrected OMEGA

energy filter performance with a high acceptance angle

(100 mrad at ΔE = 10 eV) makes it possible to clearly

visualize electron diffraction reflections from FOLZ;

those reflections appear clearly only by applying energy

filtering and are very useful for space group symmetry

determination and to enhance fine structure details for

structure determinations using high resolution PED

intensities. 

The integration of NanoMEGAS DigiSTAR digital

precession interface enables beam precession with

any LIBRA® series EFTEM and for the first time has

been interfaced with an aberration corrected

LIBRA® 200 Cs TEM; PED patterns change from conven-

tional dynamical diffraction (0 mrad precession semiangle)

up to quasi-kinematical (> 40 mrad). By collecting and

measuring a few (eg 100-300) PED intensities from

few zone axis patterns, it is straightforward to

calculate directly 3D atomic models using standard

(X-Ray /electron) direct methods without the use of

any TEM images.
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Advanced TEM sub-nanometer
phase-orientation mapping for
any sample

The integration of the NanoMEGAS DigiSTAR-

ASTAR system with the LIBRA® 200 enables auto-

matic crystallographic indexing and orientation

determination at sub nm resolution.

The electron beam is scanned through the sample area

of interest where a number of ED spot patterns from

several sample locations are acquired at high speed;

local crystal orientation(s) are obtained by comparing

locally obtained ED spot patterns via

cross-correlation matching techniques

with all possible pre-calculated ED

templates. Required templates (simulated

patterns) are generated every 1° through

the respective symmetry invariant section

of orientation space (stereographic

triangle for cubic crystals).

Mapping of different crystallographic phases and

orientations in a crystal structure with high resolution

requires the collection of high quality diffraction patterns.

Precession electron diffraction is extremely useful for

obtaining patterns with a large number of spots (almost

twice as many compared to conventional selected area

electron diffraction (SAED) and without dynamical effects

(e.g.Kikuchi lines). Therefore, phase and orientation

identification based on pattern matching between

experimental PED patterns with simulated templates is

very reliable and precise. TThhee  LIBRA® 200 wwiitthh  tthhee

DDiiggiiSSTTAARR--AASSTTAARR  iinntteerrffaaccee  eennaabblleess  tthhee  aaccqquuiissiittiioonn  ooff

pprreecciissee  ssuubb--nnaannoommeetteerr  rreessoolluuttiioonn  ffoorr  bbootthh  pphhaassee  aanndd

oorriieennttaattiioonn  mmaappss  (see Figure 4).

Figure 3: The GUI  of a LIBRA® 200 Cs TEM with DigiSTAR-ASTAR platform; experimental ED patterns at any sample location are
compared  with automatically generated ED templates every 1° via cross-correlation until the best orientation match is found; 
correlation index map with best match orientation shown in the stereographic triangle, and resulting typical orientation map of Ni-Fe
alloy with < 1 nm resolution.
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Tackling the 180º ambiguity in
orientation maps with energy
filtered precession diffraction

There exists an ambiguity in the indexing of ED spot

patterns from the fact that a particular reflection may be

indexed either as (hkl) or (-h-k-l). While this ambiguity

is irrelevant for some applications it becomes

important for the determination of grain and phase

boundary parameters.

An example is shown for copper (upper right). A zero

order Laue zone (ZOLZ) ED pattern close to [103] may (by

cross correlation) be indexed in two different ways that

differ only by an azimuthal rotation around the zone axis

by 180º. This indexing ambiguity can be overcome by

using reflections from the first order Laue zone (FOLZ).

Using the LIBRA® / DigiSTAR / ASTAR Precession

diffraction  mode, FOLZ reflections become visible

(see Figure 5).

Phase Maps  

< 1 nm  

resolution

Phase map resolution is found to be less than the beam diameter (1 nm).

Figure 4: In the example shown above a replica with four different possible phases (TiN, Fe2B,MnS and Fe7Cr16C6). After generating 
templates for the symmetries of the four phases, experimental diffraction patterns from every sample location are compared 
(via cross-correlation) with all possible orientations of the four possible phases. Resulting phases are found to be TiN and Fe7Cr16C6
(red and pink colour in the right colour map). Map on left shows index reliability. 
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Figure 5: In the example shown above the scanned area covers a single Fe bcc grain with cells slightly misoriented (few degrees). 
Kikuchi lines affect the quality of the obtained diffraction patterns. Black dots on orientation maps highlight the misindexed patterns
related with 180° orientation ambiguity.

Figure 6: In the example shown above we use Fe bcc grain cell misorientation (of the order of 1°) as a probe to test high angular 
resolution orientation (< 1°) information in relation with precession and energy filtering. The misorientation is measured along a line
that crosses two Fe cells. 
Left image: scan across a grain boundary without precession and energy filtering; the cell misorientation is lost in the noise. 
Right image: scan across grain boundary using precession and energy filtering; 
high angular resolution (< 1°) grain misorientation can be clearly seen.

The 180° orientation ambiguities shown in the left

picture above could be entirely removed with

precession (0.75°) and energy filtering (40 eV energy

slit) in the figure on the right where PED patterns

are of better  quality and Kikuchi lines are entirely

absent.

Angular resolution < 1º 
with energy filtered 
precession diffraction
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Carl Zeiss NTS GmbH

A Carl Zeiss SMT AG Company

Carl-Zeiss-Str. 56

73447 Oberkochen 

Germany

Tel. +49 73 64 / 20 44 88

Fax +49 73 64 / 20 43 43

info-nts@smt.zeiss.com

Carl Zeiss SMT Inc.

One Corporation Way

Peabody, MA 01960 

USA

Tel. +1 978 / 826 1500

Fax +1 978 / 532 5696

info-usa@smt.zeiss.com

Carl Zeiss SMT Pte Ltd.

50 Kaki Bukit Place #04-01 

Singapore 415926

Singapore

Tel. +65 65 67 / 30 11

Fax +65 65 67 / 51 31

info.sea@smt.zeiss.com

Carl Zeiss SMT Ltd.

511 Coldhams Lane

Cambridge CB1 3JS

UK

Tel. +44 12 23 41 41 66

Fax +44 12 23 41 27 76

info-uk@smt.zeiss.com

Carl Zeiss SMT S.a.s.

Zone d’Activité des Peupliers

27, rue des Peupliers - 

Bâtiment A

92000 Nanterre 

France

Tel. +33 1 41 39 92 10

Fax +33 1 41 39 92 29

info-fr@smt.zeiss.com

www.smt.zeiss.com/nts

E n a b l i n g  t h e  N a n o - A g e  W o r l d ®

Maximum Information – Maximum Insight 

More than 160 years of experience in optics has laid the

foundation for pioneering electron and ion beam

microscopes from Carl Zeiss. Superior integration of imaging

and analytical capabilities provides information beyond

resolution, unlocking the best kept secrets of your sample.

With a broad technology portfolio Carl Zeiss provides

instruments both tailored to your requirements and

adaptable to your evolving needs. With our highly versatile

application solutions we endeavor to be your partner of

choice.

Superbly equipped, regional demo centers provide you

with access to our applications expertise developed in

collaboration with world-class partners in industry and

academia. Global customer support is provided by the

Carl Zeiss Group together with an extensive network of

authorized dealers.

Our mission at all times: Maximum Information – Maximum

Insight.

LIBRA® 200 series 
(Image: LIBRA® 200 Cs)


