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- Nanocrystalline metals are attractive because of their high strength.

- Basis for high strength is captured by the Hall – Petch relationship: 
2/1 kdζζ o
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The interest in nanograined metals
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Nanobeam diffraction of an abnormal grain



Motivation for this work

i. Is the hcp phase nickel present in as-deposited

nano-crystalline nickel?

ii. What is its the local texture?

ii. How does it evolve upon annealing?

Both phase and texture in nanograined 

materials are not fully understood



Available electron diffraction techniques

Difficult to characterize nanocrystalline metals



Precession microscopy

Creating a near parallel nanoscale probe Precession on
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Standard setting ½ Precession Full precession 

DStar control of deflection coils

Precession microscopy
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Precession microscopy

i. < 10 nm spatial resolution

ii. Near kinematical electron diffraction

iii. Symmetry ambiguities are resolved

iv. Fast and automated acquisition (at least 200 grains in 15 minutes)

v. Template generation and matching

Advantages:

Apply precession microscopy to characterize 

nanocrystalline nickel!



Experimental

Sample preparation: 

- Pulsed  Laser Deposition of 50 nm nickel film

on NaCl <001> substrates

- Athene® thin bar grid glued to the film

- NaCl <001> substrate was dissolved away in de-ionized water

Microstructure evaluation:

- Diffraction data acquisition by precession microscopy

- Phase and texture analysis



hcp grain size and phase fraction

- 831 hcp phase grains (in 0.75 mm2)

- Average hcp grain size : 10.3 nm

- Average hcp phase percentage:  9.0%

BF – TEM Re-constructed phase and reliability map



Phase analysis of 50 nm PLD - Ni film



Texture of 50 nm PLD – Ni film



Texture of 50 nm PLD – Ni film



i. Why is hcp phase nickel present?

ii. Why the observed texture?

PLD – Ni film formation

Assumption: Volmer-Weber type polycrystalline film growth

- intrinsic stresses
- recrystallization

- impurities

- grain boundaries

- substrate/film lattice mismatch 
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PLD – Ni film formation



- in-situ annealing in AduroTM Protochips devices

- Acquisition of diffraction data by precession microscopy

Phase and texture evolution



Sample preparation: 

- Pulsed  Laser Deposition of 25 nm nickel film on AduroTM Protochips devices

in-situ heating and Precession microscopy

In-situ heating and Precession microscopy:

- Isothermal heating at 700 C

- Diffraction data acquisition at room temperature, 5, 25 and 45 minutes of annealing



in-situ heating and Precession microscopy



Texture evolution – fcc phase

<011> // ND

<001> // ND,

<112> // ND

Progression 

of 

annealing



Grain size evolution



hcp phase evolution



Conclusions

i. Nanoscale hcp nickel phase in as-deposited 50 nm film

ii. Approximately 10 nm in size, and with close to  <0001> // ND texture

iii. Nanoscale fcc nickel phase is approximately 20 nm size, <011> // ND texture

iv. fcc nickel phase texture evolves from <011> // ND to <001> // ND and <112> // ND 

texture on isothermal annealing

Possible directions of future research

i. Analysis of the grain boundary types

ii. Influence of film thickness

iii. Texture and phase evolution in free-standing nickel films

iv. Texture evolution in constrained and free-standing metal films

v. Microstructure evolution in ion-irradiated materials


