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Scope of the project

The main objective of the project will be to study the construction of the
metal-ferroelectric interface and the dynamic of charge compensation in
relation to polarization switching. The results will be compared to the results
of the macroscopic electric measurements performed on standard metal-
ferroelectric-metal (MFM) capacitors. Also, the metal-ferroelectric interface
will be compared with the results reported for the free surface.

Important milestones

End of the 1% year-deposition and characterization of epitaxial PZT films;
conclusions regarding the charge compensation on the free surface

End of the 2" year-formation of metal-PZT interface and characterization through
surface/interace investigation techniques; charge compensation at the interface

End of the 3" year-macroscopic-microscopic correlation
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There is a common interest in the proposed topic. The responsible of the Romanian part has
collaborated with Dr. Gweneal Le Rhun, member of the CEA team, during their workstages at MPI
Halle, Germany. Dr. Pintilie was visiting scientists while dr. Le Rhun was a Humboldt fellow. A few
common papers resulted from this collaboration (see the list below). The present project will help

Teams and collaboration

to develop the collaboration between the two teams to a new level.

Grown of SRO layer on STO/Si substrates;
grown of PZT/SRO on single crystal STO
substrates; surface/interface investigation;
electrical measurements with temperature;
comparison with samples from France

RO team CEA team

Project leader Dr. Pintilie Lucian Dr. LE RHUN Gwenaél
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Grown of STO on Si substrate, and of PZT on
SRO/STO/Si; preliminary electrical
characterization

RO team

CEA team

Dr. Lucian Pintilie

Dr. Stancu Viorica (young researcher)
Dr. loana Pintilie

Dr. Cristian Mihail Teodorescu

Drd. Cristina Dragoi (young researcher)
Drd. Marius Husanu (young researcher)
Drd. Lucian Trupina

Dr. Gwenaél Le Rhun (young researcher)
Dr. Emmanuel Defay
Shi YIN (young researcher)
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Results: Romanian team
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The stability in time of the polarization measured on free surface and thru
the Ta electrode

On the free surface the polarization remains stable while on the metallic contact
polarization is not stable over the time and reverses in the opposite direction. This
results is in accordance with the observation that Ta form a quasi-ohmic contact on PZT
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The stability in time of the polarization measured on free surface and thru
the Au electrode

In case of the Au electrode no significant changes are present over time. This results is
in accordance with the fact that Au form a Schottky barrier type on PZT, apparently the
potential barrier keeps charge of opposite sign at the interface necessary to
compensation of polarization charge.
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Piezoelectric hysteresis loops recorded on free surface and thru the Au electrode
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XPS data analysis (l): band bending

N Au(+)

b4
o
|

-y

a
o
1

Au 4f, . binding energy (eV)
s £
™ o
1 1

metal Au:83.8eV

| (AL N L A0 LA e |

-~
820
. s - AU(')
815
' l A3A /R 7 I v g ' L 4 'TT T 'y ' Ve .0 o I
0 20 @ €0 80 100
Au thickness (A)
4504 ]
s mz{/’—\
s PZT(Il)
s R
S 4585
g .
4586
3 1 PZT(l)
3 4584 -
~N R
: ://\
6‘21 1
4580
0

0w 60 ®
Au thickness (A)

T
100

1390 4 »* 2
s ™ PZT(ll)
zmsd  PZT()
° . -
< p
© 1380 2 “
&
% 1375-5
% wed metalPbor PbO
2 R
o : [e—
1365 r’ »
T T o
4« 60 8¢ 100
Au thickness (A)

=
o
~

;

181.8

.
-
-
-

Zr 3d,, binding energy (eV)

-
-
-
.

1912

Au thickness (A)

Two phases, with similar

band bending:

Opyr - Oy, ~ 0.45 £ 0.05 eV

O 1s binding energy (eV)
21 L2

g

IFA-CEA symposium 17 of October 2012, Magurele



STEM 1mages
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SRO and PZT

so sharp

STO

TE o both ZT stuctures
sol-gel and PLD

Z-contrast in STEM-HAADF

High — Angle Annular Dark Field STEM image of the SRO —
PZT interface.
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The Au layer tends to agglomerate and to form
particles with a diameter of 10 - 20 nm
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STEM images revealed a very good interface quality between

In case of structure deposited by sol-gel the interfaces are not

spherical

A gap of about 1 nm is formed between PZT and Au,
this result is unexpected but can explain the barrier
formation at the PZT/Au interface
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Results: French team
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relative permittivity.

O Stong effect of STO substrate quallity
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Benefits of the collaboration

Romanian team:

- Dr. Chirila (Dragoi) Cristina had opportunity to see how the french
team prepare and characterize their materials within the frame of the
project ( 2 inch wafers), but also to see all the fabrication process at
200/300 mm wafer level used for projects with industrials.

French team:

- Dr. Gwenael Le Rhun and Shi Yin (PhD student), had to opportunity to
visit NIMP and all their facilities

-Shi Yin made some PLD depositions and PFM characterizations
together with the romanian team.

Both teams learned that the quallity of STO has a strong influence on
dielectric properties of PZT films



Perspectives for the next years

Foreseen common activities:

-Testing common metals used in microelectronics (Cu, Al) as electrodes and
compare the results with Au electrodes from XPS and PFM point of view and
to be correlated with electrical measurements (C-V, P-V, |-V)

- Testing Ru and Pt as top electrode on the same structure on both PLD and
sol-gel films

- Finalizing the comparison of surface properties and PFM results on sol-gel
and PLD deposited PZT52/48 films both on SRO/STO/Si and SRO/STO
Substrates

Publications:

L. Pintilie, C. Dragoi, and I. Pintilie, “Interface controlled photovoltaic effect in epitaxial Pb(Zr,Ti)O3 films
with tetragonal structure”, JOURNAL OF APPLIED PHYSICS 110, 044105 (2011)

Cristina Dragoi, Nicoleta G. Gheorghe, George A. Lungu, Lucian Trupina, Andra G. Ibanescu, and Cristian M.
Teodorescu , “ X-ray photoelectron spectroscopy of pulsed laser deposited Pb(Zr,Ti)O3_d 7,

Phys. Status Solidi A 209, No. 6 (2012)

S.Yin, G. Le Rhun, E. Defay, B. Vilquin, G. Niu, Y. Robach, C. Dragoi, L. Pintilie, “Pizeoelectric epitaxial sol-gel
Pb(Zr0.52Ti0.48)03 film on Si(001) ”, submitted to JAP
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Conferences:

“European Crystal Growth Conference (ECCG -4)”

“Influence of deposition method on structural and electrical properties of PZT thin films growth on Si
substrate”, C. Dragoi, Y. Shi, L.Trupina, I. Pasuk, I. Pintilie, G. Le Rhun, L. Pintilie

“European Conferince on Composite Materials (ECCM 15)”.
“Multiferroic behavior on symmetric and nonsymmetric heterostructures based on Pb(Zr0.2Ti0.8) O3 —
CoFe204”, C. Dragoi, G. Ibanescu, A.Filimon, I. Pintilie and L. Pintilie

“Electroceramics XIII”
“Preparation and characterization of double perovskite Sr2Fe MoO6 by various methods”
M. Cernea, L.Trinca, G.lbanescu, A. luga, L.Pintilie

“The 7°th International Conference on Advanced Materials (ROCAM 2012)”,
"Comparison Between Electrical Properties of Pb(Zr, Ti)O3 and BaTiO3 Capacitors with Bottom SrRuO3
Contact and Different Metals as Top Electrode®, G.lbanescu, C. Dragoi, |. Pintilie, L. Pintilie

"Structural, Electric and Magnetic Properties of Pb(Zr0.2Ti0.8)O3 — CoFe204 Heterostructures"
C.Chirila, G.lbanescu, L. Hrib, A. Filimon, R. Negrea, |.Pasuk, V. Kuncser, I. Pintilie and L.Pintilie

“Toward Integration of Epitaxial Piezoelectric Thin Films on Silicon Substrate for MEMS Applications "
G. Le Rhun, S.Yin, C. Dragoi, L. Trupina, J. Abergel, B. Vilquin, Y. Robach, E. Defay, L. Pintilie



