PZT thin films for capacitive RF-MEMS

Obijective : assessment of integration of PZT thin film in RF MEMS
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PZT layer on Pt substrate
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€ = permittivity of the dielectric layer

+ Reliability of the device = charges evacuation
-> resistance degradation and breakdown
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« Control of the main performances (isolation, insertion losses) = high dielectric constant

d = distance between the two metal plates — A = active capacitive area —d, = thickness of the dielectric layer — &= permittivity of free space —

PZT layer for having high dielectric constant

< model substrate : epitaxial (111) Pt on sapphire

Up position
RF signal transmitted < deposition technique : PLD
< oxide buffer layer (La,3Sr;;sMnO3) to control crystalline
phase and texture of the PZT layer

Down position

RF signal not transmitted

Polycrystalline PZT with columnar structure
Texture : 80-90% (100) and 10-20% (101)
Epitaxy of PZT grains on LSMO grains on Pt

«defect chemistry :
= oxygen and lead vacancies
= acceptor impurities

High Cyoun/Cy)p for good = oxidation of Pb2* to Pb3*

performances
boundaries, dislocations

« chemical analysis :
- PDbg 6200627 056 T10.440x

= reduction of Ti/Zr**to Ti/Zr3*
= extended defects : grain
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Ferroelectric properties |
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Solid solution : PbZrO;-PbTiO4
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Perovskite structure
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Capacitance — voltage measurements
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Butterfly loop - ferroelectric layer
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Typical permittivity : £); = 650 — €55 = 560 Series capacitor model :
interface capacitance (Schottky) + bulk capacitance
Transient currents Conduction mechanisms RF characterization
Typical i-t curve 200K<T<270K 270K<T<330K .
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-> Prepolarization before |-V
acquisition

< Prepolarization at 2.5V for 30s,

from 2.5V to OV

< Prepolarization at -2.5V for
30s, from -2.5V to OV

< Under vaccum
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< Max isolation at
2.5GHz : 70dB

Isolation(dB)

—— Experiment Area 75°95 um*
—— Fit Pemitivity 500

—— Experiment Area 100*150 '
—— Fit Permittivity 500

30

% €(GHz) = 500

10 20

Frequency (GHz)

40

UNIVERSITE

PARIS
Sw

S




