Experiment title: Experiment
Nano-line beam diffraction of thin polycrystalline films number-
Mil1046
Beamline: | Date of experiment: Date of report:
ID11 from:  260ctober2011 to: 1November2011
Shifts: L ocal contact(s): Received at ESRHA:
18 Gavin Vaughan

Names and affiliations of applicants (* indicates experimentalists):

Dr. P. Gergaud®
Dr. P. Bleuet!
Dr. N. Vaxdaire*

1.CEA-Leti, Minatec Campus, 17 rue des Martyrs 3BGRENOBLE cedex 9

Report:

Summary
The aim of this proposal was to perform combinediymis (phase, texture, stress, fluorescence,

absorption) through z-scan measurements alongiliinettiickness using a nano line beam in cross
section. The hard X-beam has a high aspect ra®onfh x 5 um). A high energy (42keV) was chosen to
have a deep penetration. The samples were preyipusbared to obtain a 100um thick sample in beam
direction. Based on such a configuration, thedied surface was higher thar' {2, compatible with
powder diffraction method, for grain size from fems to fewums.

Experimental method

The experiment was carry out on second experimgichion ID11. The beam was monochromatized at E
= 42.033KeV and silicium nano-lenses were used.ddily vertical nano-lenses were used to obtain the
nano-line beam [1]. The sample was installed ongieno-stages.

The samples were previously prepared using equifsmawailable in Leti. Specific sample shape
preparation (parallelepiped 0.2 x 0.7 x 5 mm) wagggm using a specific wafer micro-saw. Samples
was then fixed on a Si wafer and installed on thges.

Two additional cradles installed below the transtastages were used to adjust x and y tilt. Agebpe
was installed slightly parallel to the beam to tolygadjust the sample surface parallel to the beam.
Additional optic camera was mounted above the sarphdjust the sample position in the lenses focus
plane.

A diode was used to perform absorption scan befmstlling 2048 x 2048 Frelon CCD camera. An
energy dispersive detector was mounted above thplsdo collect fluorescence signal during the arsc
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Fig. 1. Schematic of the nano-line beam diffraction set-up on ID11.

Alignment procedure

A specific approach was implemented to align theda. Iteratively the two rotations (parallel and
perpendicular to the beam) were adjusted to olgtmialler edge as possible. After some iterations (~
2hours), we were confident to have a Z-resolutimuad 150nm.

A thin layer (Ta/TaN 25 nm) was deposited abover#ggon of interest (Fig.2). This layer was used to
make easier sample alignment.
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Fig. 2: Beam size convoluted to 25nm tick Ta lgyer| Fig. 3: Strain analysis principle
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CCD calibration and Data tr eatment

The CCD calibration is made through fit2d calibwatroutine. First a median image is created asuhe
along the z-scan. This image is representative tfmmwhole thin film and could be compared with-lab
source X-ray measurements. Lab-source measurermentsade for differen? tilt and averaged. This
<dhkl> list is put into fit2d calibration routin@his procedure has been tested on different sarapless
robust to adjust the distance and camera tilt. V&@rgilar dspacingl) are obtained between lab-
measurement and z-averaged image from ID11 measatem

These calibration parameters were used into fitadroto perform 2D signal azimuthal integrationriba
and flat field contributions were also correctentstthe 360° integrated spectrum is used to idietitie
phase present in the sample for each z-position.

To go further, 10° sections of Debye ring weregné¢ed to obtaif/20 for different¥ directions (Fig.3).
Several python code has been developed to batchdhge ring section fitting along the z-scan. As an
output a text file is created including z positiggeak position¥, dspacing, integrated intensity, and
width. Then in-plane and out-of-plane strain hasnbdeduced. The intensity agaid&ngle gives also
information about texture.

Results

Several kinds of sample have been measured dureng@xperiment. The goal was to identify the most
appropriate ones to validate this new experimeaypltoach.

1. SOFC sample

A SOFC (Solid oxide Fuel Cell) was tested firstheTsample is a 1 mm film composed of three layers:
the electrolyte (dense ZrO2 layer), a functionaddeand an anode. This stack is obtained by gngteri
and the anode is porous. An oxidation has also pedormed. So the Ni is transformed into NiO (huge
volume variation).
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Fig. 4: i. The solid oxide fuel cell is manufactured bytesiing ii. SEM image from [2] iii. Typical 2D difiction
pattern obtain on Frelon CCD

We wish to measure this sample to evaluate theativm profile in the anode. The z-resolution was no
fundamental for this sample. We perform 5um z stEpst absorption and fluorescence profiles gise u
some information about the porosity (Fig. 5c.d)significant evolution has been evidence. Moreover
0/20 scan evolution provides the oxidation profile (F5g.b).
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Fig. 5: Density, fluorescence and phase profiles has been obtained on the SOFC sample

2. Fethin film oxidation
Magnetite FgO, is of great interst thanks to its notable dielecnd magnetic properties. This oxide is
a key of many tehcnologies. For specific applicgaijocomplete or partial oxidation of magnetite is
essential. In spite of strong differences in fumdl properties, structural similarities make tisidction
between these two phases tactful and quantificaimatysis of the oxidation is difficult, particullamvith
nanostructures using classical characterisatidmtgaes [3].
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Fig. 6: Oxidation and strain profile has been eatkd in the film thickness.

The analysis shows the presence of hematitéefOs) and magnetite (E©®,). No maghemetitey{Fe,0O3
intermediate oxidation state) has been observesdidBs strain and texture gradient have been dxerv
in the thickness. Strain can be monitored by fittine Debye ring distorsions. Hence in-plane arebbu
plane strain could be evaluated in the thickna#is av150 nm in-depth resolution (Fig.2d.e.).

3. Cu/Cu direct bonding

3D technology will be the next step for the develemt of microelectronic devices. Vertical
interconnection is one of the challenging issuagS{O , patterned surface might be one of the possible
techniques to address it. Direct patterned Cu/Sgdrfaces bonding at room temperature, atmospheric
pressure and ambient air has been demonstrate®&{tje question about the texture, strain are still
opened. Thatis why we measure this sample ot.ID1

by 2D diffraction pattern
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Fig. 7: (a) SEM cross section image. Phase pedfi) is deduced frof20 scan (d) evolution against z.

We perform Z-scan measurements to observe gradretite film. We find the SiO2/Ta/Cu/Cu/Ta/SiO2

stack in thed/20 scan (Fig. 7c). Besides strain has been evaluat€d in the thickness with 150nm in-
depth resolution (Fig. 8).
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Fig. 8: Strain analysis in the two 1.5 pm Cu layers

4. Ni/ Mesoporous Si sample

In context of CMOS integration Ni silicide processare very important [5-6]. We wish to study the
silicidation behaviour in new kind of sample: a m@srous Si thin film. A 10um porous silicon layeasv
elaborated on the top of (100) Si wafer thanks 8pecific HF preparation. A 1um Ni layer was then
deposited by ion sputtering. Finally the sample aasealing during few hours at 425°C to activate th
solid reaction between Si and Ni.

We measured this ex-situ annealed sample on IDIE wWsgh quantify the diffusion of the metal into
pores. This setup is particularly convenient fos theasure.
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Fig. 9: A SEM cross-section image shows two diffelayers after annealing. .Phase identificatiol li@s been
performed thanks to 2D pattern (b).

We succeed to localize theNi,Si and NiSi phases in the thickness. Absorption ndluorescence
profile show a diffusion in porous matrix of aroudigim.

5. PZT thin film

PZT (PbzrTiQ) is a ceramic perovskite material that shows akethpiezoelectric effect. Our sample
was 350 nm thick. We measure this sample to shogwantual gradient ratio in the thickness between Z
and Ti. A error occurs during the z-scan. We ottltatn good data in the middle of the film. Neveltiss
this sample show a strong 111 texture (cf fig.10e observe also a important number of 111 twins
(additional peak tilted 39° from 111 direction).
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Fig. 10: A strong 111 texture has been observed 860 nm PZT film.

This specific sample proves texture technique sgritgi

Conclusion

The main goal of this first proposal was be to digyven experimental setup combining X-ray diffranti
X-ray fluorescence and X-ray absorption (Fig. This experiment was a full success. Optimization
procedures, sample alignment, CCD calibration halé® been defined and tested during this first
experiment.

The results show that this approach is efficierd aowerful. It is a unique tool to perform in depth
chemical and structural analysis [7]. We believepantant progresses could be made in the undersigndi
of polycrystalline thin film complex behavioursn-situ experiment is the next development stesitin-
could provide precious information to understansidaehaviours of polycrystalline thin films.
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