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MLC vs. Transistor Scaling
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Physically, what's happening?
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Limits of Scaling

Further scaling requires
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Processing Effects on Kvs d

S. Aygun et al., J. Appl. Phys., 2008
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= .. Platinized Silicon Substrates
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 Titanium expands upon
oxidation causing hillocks

« Adhesion layers fail with large
temperature swings (>700°)
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Metal Wetting and Adhesion

Molten Cu on Al,O,
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Can we use ZnO as an adhesion layer for Pt?
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Substrate Preparation

 Ti, TiIO,, ZnO, and Pt prepared via |
RF magnetron sputtering .

« 30° off-axis geometry
* Ti: Ar atmosphere
* TiO,: Ar sputter, O, anneal
« Zn0O: 1:1 Ar:O, atmosphere
* Pt: Ar Atmosphere
* 100 nm Pt/40 nm buffer/40 nm SiO,/Si
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Electrode Stability: 900°C
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CSD BaTiO, on Platinized Si

Ti(OiPr), + 2,4 Ba-acetate + propionic
pentanedione acid
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Topography and microstructure
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BaTiO; Dielectric Properties

Ti-and TiO,-buffered
films actually

survived W

BaTiO; on Pt/ZnO
substantially
outperforms other
substrates

Microstructure
nearly identical: Why
such a disparity?

elative Permittivity

What about other
Ferroelectrics?
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SNL IMO-based Solution Route

Zr(Obu), - BUuOH + Ti(OiPr),
Blend 5 min

Acetic Acid / Methanol

Chelating agent / Solvent .

——
Pb(OAc), + La(OAc);'H,0

Dissolve at ~90°C Spin Deposition

Acetic Acid / Methanol
Adjust Molarity

multiple
depositions

heating
A= = = = = = = = = = = = = = = = ===

R.A. Assink and R.W. Schwartz;, Chem. Mater. (1993) G. Yiand M. Sayer.J. Appl. Phys. (1988)

m

Deposited
solution

Intermediate
flourite
~400-500 °C

Perovskite
~500-700 °C
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Film Crystallographic Properties
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PZT Film Microstructure
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Polarization {uCicmz)

Dielectric and Ferroelectric properties
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« Measurements conducted at 10 Hz

« All films saturate well

 Low leakage
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Ferroelectric properties
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= Ferroelectric properties

(nC/cm?) (nC/cm?) (kV/icm)

 Two film systems

* Performance improvements
identified in both on ZnO-
buffered substrates
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. PZT Composition Analysis
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PZT Composition Analysis

Pt/TiO, Pt/ZnO
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Substantially improved chemical homogeneity in
films on Pt/ZnO substrates
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BaTiO; Compositional Analysis

Titanium Distributionﬂ
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Cation Fraction
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Our Model
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Test ch>)r Gradient Mechanism: PbZrO,
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Test for Gradient Mechanism: PbZrO;,
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Test for Gradient Mechanism: PbZrO,
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Cation Fraction

Test for Gradient Mechanism: PbZrO,
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Solution Chemistry Effects?

Open Issues: 085 |- = Gradee] |
* This model cannot explain S

‘saw-tooth’ profiles observed
by other groups*
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chemistry and processing Distance (]
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 More experiments necessary to
isolate controlling variables

Atomic percentage (%)
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Solution Chemistry Effect: Sol-gel
films

300°C 350°C

Titanium
Distribution

Map data
MAG: 80000 x HV: 200.0 kV WD: -1.0 mm
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Pt/Ti
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Solution Chemistry Effect: IMO Films

Map data n Map data n Map data
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Pt/ZnO
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“ Solution Chemistry Effect: IMO Films
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Summary

Work of Adhesion is an effective means in
selecting adhesion layers

ZnO is a superior adhesion layer

BaTiO; and IMO PZT films prepared on Pt/ZnO
substrates possess improved electronic
properties compared to traditional substrates

Traditional sol-gel films still appear to possess
composition gradients: thermodynamic effect?

Improved electronic properties can be correlated
with improved chemical homogeneity
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BaTiO; Scaling Effects
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