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Review of Critical Thickness

e Recall last presentation:

* Emerge in Landau-type
treatments and in first-
principles calculations
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Determinations of Critical Thickness

* Polarization vs. Field loops (P-E loops)
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Determinations of Critical Thickness

 Polarization vs. Field loops (P-E loops)

* Scanning tunneling electron
microscopy (STEM) analysis of
polarization

* UV Raman Spectroscopy




Determinations of Critical Thickness
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* UV Raman Spectroscopy
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P-E Measurement
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P-E Measurements

e Can perform with PFM
(Prof. Gruverman’s

group)
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P-E Measurements

e Can perform with PFM
(Prof. Gruverman’s

group)

* More basic: Sawyer-
Tower measurement

Sawyer-Tower (ST) circuit measurement

The circuit consists of two capacitors, one
due to sample (C.) and other one is a linear-
known-valued sense-capacitor (C..«.). They
are in series, where C.....is chosen much
greater than C.so that voltage drop across
C.is much less than that across C.(sample).
So the drive voltage V.is almost equal to
voltage across C.. The voltage across
C..e,which gives polarization of the sample,
is applied to

vertical plates of the oscilloscope and the
drive voltage after safe attenuation is applied
to horizontal plates of the oscilloscope to
measure electric field across the sample.
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Yuewei’s FE measurement presentation: 2016-01-29




P-E Measurement

* Limitations due to current leakage

e “...P-E loop shows a slightly wide
shape near the saturation electric-
field region, suggesting a contribution
from leakage current.”

* Domain relaxation time influences
measurement
* Effect of depolarization field E; may

pose greater effect on critical
thickness
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P-E Measurement
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* Lossy capacitor (i.e. leaky film)
similar to hysteresis response
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STEM Analysis

) D.Ip0|e comes from Incident electron
displacement of film atoms beam

* STEM directly images atoms for
sign of relative displacements

Thin sample

* Bright-field: detection within
incident path

* Better resolution of light elements
(e.g. oxygen)

STEM detector

Dark-field (DF) Bright-field (BF) High-angle annular dark-
field (HAADF)




STEM Analysis
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* Paper compares
polarizations for various PZT
thicknesses on STO
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* Predictions have t.~3 u.c.

e Saw polarization below this
thickness

Thickness (unit cell) T T
* Attributes to non-vanishing iy pos

Pb-O displacements, despite
interfacial dead layer



UV Raman Spectroscopy

e Similar to STEM measurement
* Detects atomic displacements

* Actually measures T_: loss of
ferroelectricity means T_=0K

e Vibrational modes characteristic
of material being measured

* Track known BTO shifts and watch
for disappearance of features
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UV Raman Spectroscopy

* BTO on STO(100) grown
by MBE

* BaTiO, peaks at 180, 475,
540 cm™ tracked

* T. > OK for t.=1.6nm (4
unit cells

* In agreement with
calculations for film
interface with vacuum

Intensity (arb.units)

_ T=10K
T=295K 1.6 nm BaTiO,

on SrTiO‘E

bare SrTiO,J,/
sutlastrate

') Il I III IIIIIIIIIIIIII
100 200 300 400 500 600 700 800

Raman shift (cm™)

Intensity (arb. units)

v

Normalized

Raman intensity
o

'F24 nrr'lq-1 x'!
*i A180cm’
I

i| ®540cm” \

T ~375K; Tc==92?K!8
...................... L
0 200 400 600 800

T(K)

_;

D.
W

d

350K

400K
300K S
A\ 4

L]
1
L]
1
[}
1

10K

200

400 600 800

Raman shift (cm™)

1000_"|"'|"'|"'|""?
800 B /,/"’ ]
L P i
[ e
X 600 /% .
= - 7
400 |-~ g------ Bulk BaTiO; —1
- i, ® uncapped films -
[ : A films capped by ]
200 ;’ 10 nm SrTiO,  +
0 -I % M | T:_:-lcélcl;u!a}ic:nl |
2 4 6 8 10
BaTiQ, film thickness (nm)




Thank you



