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MLC Scaling History

A [ 0603: 1600 um X 800 pm
S | Most popular pre-2002 size
- 0402: 1000 pm X 500 pm
A Most widely used size
0201: 600 pm X 300 pm
1 pF in X5R rating
01005: 400 pm X 200 pm
Limited use after 2004

Increasing technology node
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still 102 layers!
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C/V (uF/mm°)

MLC vs. Transistor Scaling

http:/lwww.physics.udel.edu/wwwusers/watson/scen103/intel.html (Nov. 2005)
4 Y. Honda, AEl, p. 48, October (2004)
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Physically, what's happening?
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Incredible scaling demonstration
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Y. Honda, AEI, p. 48, October (2004)
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Limits of Scaling

Further scaling requires -
thin film technology oz 6000 .
Severely diminished @3_ 5000 F °
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Processing Effects on Kvs d

BaTiO; Film Permittivity
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Platinized Silicon Substrates

(a) hillock

il

S0,  TiO,
'-
(b) e hillock

Nam et al., Thin Solid Films , (2000)

>

100 nm

Titanium ‘adhesion’ layers by
far the most common

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,O4
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Work of Adhesion (W-m?)

Can we use ZnO as an adhesion layer for Pt?
Cu and Pt both Fm3m metals ) Sandia N Noftorel
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Substrate Preparation

» Ti, TIO,, ZnO, and Pt prepared via )
RF magnetron sputtering Fa

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

Ti(OiPr),+ 2,4 Ba-acetate + propionic
pentanedione acid
1:2 molar ratio Dissolve salt

Combine equimolar amounts
Ba and Ti solution
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Pt 002
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Topography and microstructure
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BaTiO; Dielectric Properties

Ti- and TiO,-buffered

_ 1750
films actually
survived 1500 | Pt/ZnO
é -
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; SNL IMO-based Solution Route

Zr(Obu), * BUOH + Ti(OiPr),
Blend 5 min
Deposited

solution

Acetic Acid / Methanol

Chelating agent / Solvent .

[
Pb(OAc), + La(OAc);'H,0

Dissolve at ~9(°C Spin Deposition

Acetic Acid / Methanol
Adjust Molarity
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multiple | flourite
depositions
| ~400-500 °C
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|
: Perovskite
\ ~500-700 °C
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Film Crystallographic Properties
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PZT Film Microstructure
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Polarization (qucmz)

Dielectric and Ferroelectric properties
PZT/Pt/Ti PZT/PUTIO, | PZT/Pt/ZnO
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« Measurements conducted at 10 Hz

o All films saturate well

 Low leakage
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Ferroelectric properties

P max P, = K
(uC/cm?) (uC/cm?) (kV/cm)

PUTi 61.5 23.8 47.0 1440
PUTIO, 68.2 27.0 44.1 1620
Pt/ZnO 75.3 32.2 43.8 1740

« Both P, and K increase
on ZnO-buffered
substrates

« Coercive field decreases
slightly for PZT on ZnO-
buffered substrates

Polarization (uC/cm?)
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Ferroelectric properties

Pmax Pr EC K 80
(uClcm?) | (uClem?) | (kv/cm) —Pt/ZNn0O

PUTi 61.5 23.8 47.0 1440 60

: o —PUTiOx
PYTIO,  68.2 27.0 441 1620 g o PYT;
Pt/ZnO  75.3 322 438 1740 O
Q 20
1 i
« Two film systems S o
=
. N -20
« Performance improvements ~
identified in both on ZnO- E -40
buffered substrates 60
. -80
« Mechanism? -900 -600 -300 0 300 600 900
Field (kV/cm)
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“ . PZT Composition Analysis
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PZT Composition Analysis
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BaTiO; Compositional Analysis

Titanium Distribution
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BaTiO; Compositional Analysis

Pt/Ti

o
n
T

[Ba

Eq—Eurfa ce ]
Platinum —s=

50 100 150 200

Thickness (nm)

Cation Fraction

=
e

=
&

=
I

=
k3

=
=

PU/TIO,

4[Ba

: E-q—Eurfar:e ]
Platinum —
50 100 150 200

Thickness (nm)

Cation Fraction

o
e
1

o
o

=
i

o
ha

[
=

films on Pt/Zn0O substrates

Mechanism?

Pt/ZnO
[ Ti
_Ela
~—Surface 1
FPlatinum —s
00 150 700

Thickness (nm)

Sandia N

Substantially improved chemical homogeneity in

Sandia
National

J.F. Ihlefeld, Composites at Lake Louise, ovl.aR?r%rﬁ



Our Model
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“Test for Gradient Mechanism: PbZrO,

Pt
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Test for Gradient Mechanism: PbZrQO,

Ti Atomic fraction Ti Atomic Fraction Scale 0-0.1
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Summary

» Eliminating titanium from the electrode
stack minimizes chemical gradients

» EXtrinsic integration and processing
conditions ultimately prevent study of
Intrinsic material properties
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BaTiO; Scaling Effects
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BaTiO, Scaling Effects

5000

—e— Set 1
— —Set 2

—— Set 3
4000 ® This WcarkD

1000 Films Processed at T<900°C
]

Dielectric Constant

0 200 400 600 800 1000
| ~ Crystal Size (nm) _ |
First known BaTiOg4 film with bulk properties on Si
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BaTiO, Scaling Effects

5000

1000 Films Processed at T<900°C

Dielectric Constant

0 200 400 600 800 1000
Crystal Size (nm)
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Crystallite vs. Grain Size

Grain Size 150 — | . . .
« AFM and FE-SEM . * Grain Size
+ 95% confidence interval £125 Coherent Scattering Size -
Q
. . N 100 | -
Coherent Scattering Size o -
« CHESS % 75 L . . ] |
« Scherrer's Formulaon 3 t
111 reflections 5 50 | ) 1
Sub-grain structure 25t | . . . _
dominates dielectric 700 750 800 850 900
response Process Temperature (°C)
J.F. Inlefeld et al. J. Appl. Phys. (2008) (%) s e ) aions

J.F. Ihlefeld, Composites atTake Louise, ovl.aR?r%rﬁ



Pt/Zn0 as a high temperature
substrate

TAR 8 U o5 o W

AR,

4 é‘%@@jﬂ G
- O of«‘—% B

ZnO

= ZnO buffered Pt/Si is robust enough to withstand process temps in excess of 1000 °C
m Ideal candidate for materials previously best grown on single crystals:

- BaTiO;

- (Ba,Sr)TiO;
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BaTiO; Comparison

- Bulk '

Current films 4000 | Ceramic

w Frey et al. 90 nm
compare favorably i ]
with bulk ceramics 5 Frey et al. 70 nm

=3000 |
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similar thickness & 5000 | This Work
and grain size films o 59 ”m\ !

> E
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Intensity (counts)
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