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Yi-Chun Chen, Ming-Wen Chu, Po-Wen Chiu, Ya-Ping Chiu, Long-Qing Chen,

Chung-Lin Wu,* and Ying-Hao Chu

Complex oxide heterointerfaces have emerged as one of the
most exciting subjects in condensed matter, owing to their
unique physical properties and new possibilities for next-gen-
eration electronic devices."? In the push for practical applica-
tions, it is desirable to have the ability to modulate the interface
functionalities by an external stimulus. In this Communica-
tion, we propose a generic approach in which a functional
layer is inserted into the heterostructure to acquire non-vola-
tile control of the intriguing properties at oxide interfaces.
The LaAlO;/SrTiO; (LAO/STO) interface serves as a model
system in which a highly mobile quasi-two-dimensional elec-
tron gas (2DEG) forms between two band insulators,3 exhib-
iting 2D superconductivity® and unusual magnetotransport
properties.’l Although a modulation of the carrier density and
mobility of the LAO/STO interface has been achieved using
the electric field effect,”? it is essential to extend the control
concepts to gain non-volatile and reversible capabilities for
practical applications. Recently, non-volatile modification of
the local conduction at the LAO/STO interface has been dem-
onstrated by scanning probe techniques.['®12] Several possible
mechanisms have been proposed to explain this interesting
behavior based on the electrostatic effects attributed to either
induced ferroelectricity or surface charge.l'*'*l In the study
reported here, we added a ferroelectric Pb(Zr,,Tiyg)O3 (PZT)
layer near the LAO/STO interface. The ferroelectric polariza-
tion of the PZT layer serves as a control parameter to modulate

the 2DEG conducting behavior. The as-grown polarization (P,
state) leads to charge depletion and consequently low conduc-
tion. Switching the polarization direction (Pyoy, state) results
in charge accumulation and enhances the conduction at the
LAO/STO interface. The origin of this modulation is attributed
to a change in the electronic structure due to the ferroelectric
polarization states, evidenced by X-ray photoelectron spectros-
copy (XPS) and cross-sectional scanning tunneling microscopy/
spectroscopy (XSTM/S). Control of the conduction at this oxide
interface suggests that the concept can be generalized for other
oxide systems to design functional interfaces.

In order to understand the influence of ferroelectricity on
the LAO/STO interface experimentally, we first carried out
electrical transport measurements on the heterostructure
(Figure 1a), in which the PZT layer with the spontaneous polar-
ization Ppyy functions as a polarized dielectric slab to modu-
late the conduction of the LAO/STO heterointerface. Figure 1b
shows the sheet resistance versus temperature (R-T curves)
of the PZT/LAO/STO samples with various PZT layer thick-
nesses (0-40 nm), while the LAO thickness was fixed (6 u.c.,
where u.c. stands for unit cell). The R-T curves for these sam-
ples show that the sheet resistance at room temperature is
low (ca. 23 kQ/sq) and decreases with temperature, showing
metallic behavior. For the samples with PZT on top, the ferro-
electric effect sets in and the sheet resistance starts increasing
with PZT thickness, showing the strong impact of the intrinsic
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Figure 1. Transport measurement of PZT/LAO/STO devices: a) Sketch of the samples and the contact configurations down to the LAO/STO interface
formed by the e-beam lithography method. b) Temperature dependence of the sheet resistance, Ry, for different values of PZT thickness on an n-type
LAO/STO conducting interface. c) Influence of LAO thickness on the electronic properties of the PZT/LAO/STO devices while keeping PZT thickness
constant at 20 nm on top of the LAO/STO heterointerface. d) Sheet resistance measured as a function of temperature for PZT (20 nm)/LAO (3 u.c.)/

STO as grown with natural polarization (P,

up) and after switching the polarization to the down state (Pyon). €) Modulation of sheet resistance from

high to low resistance states of two samples, PZT (20 nm)/LAO (6 u.c.)/STO and PZT (20 nm)/LAO (4 u.c.)/STO, corresponding to natural polariza-

tion (Pyp) and after switching (Pyoun), respectively.

polarization (P,,) of PZT on electron conduction at the inter-
face. This is anticipated since the ferroelectric field effect pro-
vides one more degree of freedom to compensate the charge
imbalance at the interface.’™ We also conducted transport
measurements on the samples with different LAO thickness,
while PZT thickness was kept constant (20 nm) (Figure 1c).
Several studies suggested a critical LAO thickness (4 u.c.) for
the formation of the 2DEG at this interface.”l Under such cir-
cumstances, all the samples with LAO above a critical thickness
behave like a metal. The sheet resistance decreases when the
temperature is lowered and increases when the thickness of
LAO is reduced. These resistance changes can be rationalized
in the framework of polarity discontinuity, which leads to an
abated built-in electric field when the LAO thickness is reduced.
Based on the experimental results, we are able to estimate that
the sheet resistance increases by an order of magnitude when
the LAO is decreased by 1 u.c. Moreover, the increase of sheet
resistance with decreasing gap thickness (k) is in qualitative
agreement with our simulation result (shown in the Supporting
Information, Figure B2c).

The transport measurements provided clear insight into the
influence of the ferroelectric effect on the LAO/STO interface,
and now the question is raised: Can one modulate the inter-
face conduction by ferroelectricity? We employed the scanning
probe technique to switch the ferroelectric polarization of the
samples. After the ferroelectric polarization had been switched,
bipolar-resistance behavior was observed in the PZT/LAO/STO
devices. Figure le shows the R-T curves of LAO (4 u.c.) and
LAO (6 u.c.) after PZT (20 nm) with two different ferroelec-
tric polarization directions had been deposited on top of the

© 2013 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

2DEG. The sheet resistance in the initial polarization state (P,y)
is rather high. After the polarization was flipped to the oppo-
site direction (Pyqyn), the sheet resistance became much lower.
The sheet resistance modulating the conductivity at the LAO/
STO interface with different polarization states of PZT can
reach more than two orders of magnitude difference for the
PZT (20 nm)/LAO (4 u.c.)/STO sample at room temperature.
Another intriguing feature here is the switching of an insu-
lating state to a conducting state. The PZT/LAO (3 u.c.)/STO
typically shows insulating behavior. Switching the polarization
can change the transport behavior from insulating to metallic,
suggesting non-volatile control of the metal-insulator transi-
tion with ferroelectricity (Figure 1d). The transport measure-
ments indicate that the ferroelectric field effects can not only
modulate the conduction but also switch the conducting state.
In order to understand the fundamental mechanism behind
this intriguing behavior, it is crucial to investigate the ferroelec-
tric manipulation of electronic structure at the LAO/STO hetero-
interface. Here, ferroelectric-pattern-assisted XPS was used to
probe the reversible interfacial electrostatics and its affected
electronic structures. In the ferroelectric PZT/LAO/STO hetero-
interface with a naturally upward-polarized PZT layer, the
polarization was reversed by the scanning probe technique
(probe voltage set to 8 V) to obtain a downward polarization
area of about 1 mm?, which is larger than the X-ray beam size
of about 400 pum?. This ferroelectric-pattern-assisted spectral
technique allows us to study the polarization reversal using the
same sample. Consequently, we do not have to compare the
polarization states in two different samples and we can avoid
all discussion about sample quality and other differences. As

Adv. Mater. 2013, 25, 3357-3364
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mobile electrons. In previous studies, the
binding energies of core-level photoelectrons
emitted from the epitaxial thin films and
substrate were found to be particularly sensi-
tive to probe the modulation of an interfacial
capacitor.’l The schematic of Figure 2a also
shows the ferroelectric-pattern-assisted XPS
technique on the PZT (3.5 nm)/LAO (4 u.c.)/
STO heterointerface. The binding energy
of the Sr core level from the buried layer
thus decreases (E3 —eV,,) or increases
(E§T +¢eV,yp), depending on the downward
and upward polarization directions, respec-
tively, in comparison to the binding energy
of the Sr core level ( E5¥) from the LAO/STO
heterointerface. Evidently, the concept of the
interface capacitor is also confirmed by the
lack of change of the core-level emissions
from the top PZT (Pb 4f core level) and LAO
(La 4d and Al 2s core levels) layers. Figure 2b
shows the characteristic core-level photoelec-
tron spectra in the ferroelectric PZT/LAO/
STO and conducting LAO/STO heterointer-
face samples. The binding energy of Sr 3ds,
core-level shifts associated with the poten-
tial drops of the PZT-modulated LAO/STO
interface capacitors were obtained at values

+eV,,

Al 2s

Intensity (arb. units)

137 136 135 134 133
La4d,,

of +0.15 eV (P, state) and 0.1 eV (Pgoun
state), and the core-level differences between
St 3ds; and La 4ds, (AEc) were determined
to be 31.15 eV (P, state) and 30.90 eV (Pgoun
state).

The modulation of the electronic struc-
ture of the LAO/STO heterointerface by fer-
roelectric polarization was further developed
by performing XSTM/S measurements on a
sample with a thick PZT top layer (20 nm).

La4d,,

150

140

130 120 110
Binding Energy (eV)

Figure 2. XPS study of the upward/downward ferroelectric polarization PZT/LAO/STO and
LAO/STO heterostructures. a) Schematic illustration of the photoemission spectroscopy meas-
Pyp)/downward (Pyqy,) polarized PZT/LAO/STO heterostructure and
the bare LAO/STO sample. The Pb 4f, La 4d, and Sr 3d emission (indicated by green, yellow,
and blue arrows, respectively) are captured from the PZT, LAO, and STO layers separately
(indicated by green, yellow, and blue blocks, respectively). b) The XPS spectra taken from the
PZT/LAO/STO and bare LAO/STO samples. The photoelectron peaks are aligned at the same
energy for Pb 4f and La 4d (indicated by purple vertical dashed lines), but the Sr 3d core level
has a significant binding energy downshift from 0.15 to -0.1 eV when the P, ferroelectric PZT

urement on the upward (

is switched to Py, (see inset).

depicted in Figure 2a, positive (Pgoy State) and negative (P,
state) bound charge sheets at the bottom of the PZT layer affect
the conducting LAO/STO heterointerface, leading to an accu-
mulation or depletion of free electrons in the STO layer. Con-
sequently, in distinct ferroelectric patterns with reversed elec-
tric configuration, two interfacial capacitors having different
electric fields inside were constructed separately with a top

sheet of positive bound charges and a bottom sheet of negative

Adv. Mater. 2013, 25, 3357-3364
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The variations of the electronic structure
across the heterointerface produce corre-
sponding variations in the current—voltage
behavior of scanning tunneling spectros-
copy (STS) measurements. Therefore, a
sample that was cleaved in situ in the STM
chamber was kept under a background pres-
sure of less than 1 x 107'% Torr and cooled it
down to ca. 100 K so that spatially resolved
STS based on the XSTM image could reveal
directly the electronic structure of the hetero-
structures. Figure 3a shows the XSTM
image across the heterostructured inter-
face, and the colored bars indicate the posi-
tions where STS measurements were performed. The different
regions of Nb-STO, STO, LAO, and PZT layers were identified
from the tunneling current image, which reveals specific elec-
tronic characteristics of each layer. Figures 3b and ¢ show the
evolution of the electronic structures of LAO from a position
near the STO side (N), via the middle of LAO (M), to a posi-
tion away from STO (A) in the naturally P, and poled Pyouy
samples, respectively. In the STS results, to exclude the effects

100
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Figure 3. a) A typical cross-sectional constant-current STM image of the epitaxial PZT/LAO/STO heterostructure. b,c) The spatial spectroscopic
measurements on LAO surfaces of PZT/LAO/STO systems for b) the downward-polarized (P,;,) and c) the upward-polarized (Pgown) situation in PZT
films for a position in LAO near the STO side (N), the middle of LAO (M), and a position in LAO away from STO (A). d,e) The average spatial spec-
troscopic measurements on LAO (green curve) and STO (orange curve) surfaces for d) the downward-polarized (P,;) and e) the upward-polarized

(Pgown) situation in PZT films.

of surface and gap states in LAO and STO layers, which disturb
band edge determination,!'”] current offsets larger than 0.2 A at
negative/positive sample biases are indicated as the energetic
positions of the valence band maximum (VBM) and conduc-
tion band minimum (CBM). Therefore, the comparison of the
energy shifts of the band edges can be referred to not only the
value of the electric field in LAO but also the energetic shift
across the interface from STO to LAO. As shown in Figures 3b
and c, the energy shift of the band edges in LAO is smaller for
the Pyoun-state sample than that for the P,-state sample, indi-
cating that the electric field in the LAO layer diminishes when
the polarization of PZT is switched from the natural P, state
to the Pyyyy state. Furthermore, according to the energy shifts
between STO and LAO, as shown in Figures 3d and e, the

© 2013 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

suppressed electric field in LAO corresponds to the increase of
valence band offset (VBO) value from =0.5 eV (P,) to =1.0 eV
(Pgown) of the LAO/STO electronic structure. For comparison
with the XPS measurements of the heterojunction as shown
above, we measured the energy difference between the charac-
teristic core level and the VBM of each layer, which is a mate-
rial constant; the polarization-switching-induced Sr core-level
shift is thus related directly to the VBO change of the LAO/
STO heterostructure. Therefore, the VBO variation of the LAO/
STO sample modulated by a thin PZT layer (3.5 nm) is about
0.25 eV, as obtained by XPS, which is smaller than that of LAO/
STO capped with a thick PZT layer (20 nm), which is =0.5 eV,
obtained by STS. In both ferroelectric-pattern-assisted spectral
results, we find that the presence of up- and down-polarized

Adv. Mater. 2013, 25, 3357-3364
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PZT layers would induce additional interface electrostatics and
eventually lead to a change of the VBO of the LAO/STO hetero-
structure. The change of VBO depends on the thickness of the
top PZT layer, which ranges from 3.5 nm to 20 nm (with a
wide polarization range from 11 uC cm™ to above 100 uC cm2
reported in defect-free films),['#! leading to an increase from
0.25 eV to 0.5 eV, and the response of VBO change on ferroelec-
tric polarization switching is consistent (P, PZT increases the
VBO value of LAO/STO, in contrast to Pyoy, PZT).

To explore the phenomenon of the ferroelectricity of PZT
at the LAO/STO interface associated with its band structure,
we studied the E. band bending (invert electronic potential
bending), bound and free charge concentration, and the elec-
tronic conductivity inside the effective length of the STO layer
under P, and Pyoyy States of PZT using a phase-field approach.
First, the static profiles of the potential and electrons within the
STO layer in the absence of PZT polarization were obtained by
solving the following coupled equations in the steady state:

14 eon

VP i
EoEr EoEr

an 2

a=—V]= DV*n — uV (nVr) (2)

where y is the electric potential, p the charge density, ¢, the
unit charge, n the electron concentration, g the vacuum per-
mittivity, and &, the dielectric constant of STO. D and u stand
for the diffusivity and mobility, respectively, of electrons in
STO. It is seen that the band bending at the STO/LAO interface
(without a PZT layer on top) is about 0.3 eV, which causes elec-
tron accumulation at the interface (shown in Figure 4a).

In the presence of PZT polarization, the bound charge
induced by the polarization and electric potential drop at the
PZT/LAO interface is estimated by introducing p = —VP. At the
PZT/LAO interface, where the polarization reduces to 0, a nega-
tive bound charge sheet is formed in the case of P, polariza-
tion in the PZT layer. Based on the Poisson equation, we have

VP,
E0€r

Vi = G)

The electric potential drop at the PZT/LAO interface due to
the PZT Pyywn bound charge is calculated to be about —0.5 V.
Since electric potential should be continuous throughout the
heterostructure, the potential decrease through the STO and
LAO layers should be equal to the potential drop at the PZT/
LAO interface. In addition, the effective length within STO is
about 0.8 nm while the thickness of the LAO layer is about
1.1 nm. The potential drop at the LAO/STO interface can be
estimated using

AVigtal = AViagssto + AVino

aeff 10
= (%) A Vigra + (Eff— AViu  (4)
Gsto T Grao dsto T Grao

where AViagisTo and AViyo stand for potential drop at the
LAO/STO interface and inside LAO, respectively. agff) and
arao are the effective length within STO and thickness of LAO,
respectively. Therefore, in the case of P, polarization in the

PZT layer, the potential decreases by 0.2 V at the LAO/STO

Adv. Mater. 2013, 25, 3357-3364

© 2013 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

www.advmat.de

interface, and thus interface Ec band bending decreases from
—0.3 eV to —0.1 eV. On the other hand, when the PZT polari-
zation iS Pyywn, @ positive sheet of bound charges is formed at
the PZT/LAO interface, which increases the local potential at
the PZT/LAO interface and leads to the increase of the Ec band
bending at the LAO/STO interface from —0.3 eV to —0.5 eV
(shown in Figure 4a).

Furthermore, the electron concentration and the electronic
conductivity inside the effective length of the STO layer have
been calculated and summarized in Figure 4b. Clearly, the
polarization in the PZT layer has a significant effect on the
electron concentration and conductivity o on the STO side of
the LAO/STO interface, where the electronic conductivity is cal-
culated by o = neyu. The electron concentration away from the
LAOQ/STO interface region is ca. 10° cm=. When the ferroelec-
tric polarization inside the PZT layer is down (Pgown), the elec-
tron accumulation is significant, reaching up to 10'® cm=, with
band bending of about 0.5 eV in the vicinity of the LAO/STO
interface. Furthermore, the local conductivity is calculated to be
ca. 10° Q7! cm™, indicating that the interface becomes more
conducting (Figure 4b). The electron accumulation is strongly
inhibited (ca. 10'! cm™) when the polarization in the PZT layer
is Pyp, with interface band bending of 0.1 eV. In this case the
interface becomes less conducting, with local conductivity of ca.
107 Q' em™.

Based on the phase-field modeling results, which agree well
with the experimental observations of ferroelectric-pattern-
assisted transport measurements and XPS and XSTS spectra,
we display the mechanism of ferroelectric modulation of LAO/
STO conductivity in Figure 4c. In the case of the natural P,
state of capped PZT, because the bottom of the PZT layer has a
negative polarization charge sheet, the potential buildup in the
polar LAO layer increases and the free electrons are repelled
from the LAO/STO interface (electron depletion), where the
interface band bending of the STO side decreases with smaller
VBO value and makes AEc; larger. When the polarization is
switched to the Py, state, the positive polarization charge
sheet at the bottom of the PZT layer makes the LAO potential
buildup decrease and attracts more free electrons to the LAO/
STO interface (electron accumulation), where the interface
band bending of the LAO side increases with larger VBO value
and smaller AE(;. In addition, for the LAO/STO heterostructure
with a thin LAO layer (3 u.c.), the variation of electric potential
induced by Ep,r can be estimated to be about 1.0 eV, in that
the thickness of the LAO layer is about 1.1 nm (3 u.c.) and the
stray electric field in the LAO layer is estimated to be about 10°
V m™!, as shown in the Supporting Information (Figure B1b).
This 1.0 eV potential variation is three times larger than the
built-in potential variation (about 0.3 eV) from the metal-insu-
lator transition proposed in previous results.”-21:22 Therefore,
thanks to the reversible polarization of the top ferroelectric
layer, the PZT/LAO/STO system is expected to be the one
closest to having non-volatile switching on/off characteristics at
the LAO/STO interface.

Moreover, in the calculation results, the change of band
bending at the LAO/STO interface caused by the PZT layer
changing from the P, state to the Pyoy, state is around 0.4 eV
(Figure 4a), which results in higher conductivity at the inter-
face with a conductivity ratio of about 107 (Figure 4b). In the
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tion, no polarization, and downward polarization in the PZT layer (z denotes the position in the STO layer and H is half of the layer thickness, so that
z/H from -1 to +1 represents the entire layer). c) Schematic band diagrams of a PZT/LAO/STO heterointerface derived from ferroelectric-pattern-
assisted XPS and XSTM/S measurements. The sheet of negative/positive bound charges at the bottom of the PZT layer and its induced E-field (Ep7)
across the LAO layer would directly affect the depletion/accumulation of the mobile charges at the LAO/STO heterointerface, which are shown for
both polarization states (P, and Pgoyn) of the PZT layer. Decreased and increased buildup of potential across the LAO layer corresponding to the dif-
ferent polarization states is indicated. Combining both XPS and STS spectroscopic results, the changes in valence band offset (AEygo) and core-level
energetic separation (AEc|) between the LAO and STO layers are revealed, and allow a ferroelectricity-modulated LAO/STO band structure model to

be constructed.

transport results shown in Figure 1, on going from the PZT
P, state to Pyowy state an experimentally measured conduc-
tivity ratio of about 10° was obtained in the PZT (20 nm)/LAO
(3 u.c.)/STO sample (Figure 1d), which reveals PZT-induced
switching on/off capability at the LAO/STO interface. However,
based on the numerical calculation, a local conductivity ratio
of 10° corresponds to a band bending change of 0.2 eV. This
change value is smaller than the band offset shifts obtained

© 2013 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

from STM of about 0.5 eV, which is shown in Figure 3, with
the same PZT thickness of 20 nm. The differences in band
edge shifts and conductivity ratio (from Py, to Pgeyn) between
experimental and theoretical results can be attributed to the
spatial resolution limit in XPS and XSTM measurements and
the simplified bound/free charge modeling at PZT/LAO and
LAO/STO interfaces. Here, the changes in band bending pro-
file at the interface were evaluated by monitoring the changes
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in VBO. The variation of band bending value at the interface
was assumed to be smaller than the VBO shift, owing to the
free carriers at the LAO/STO interface that would compensate
polarization field effects. Additionally, in the theoretical calcu-
lation, the partial compensations at the PZT/LAO and LAO/
STO interfaces were set to zero to simplify the modeling. This
makes the theoretical predictions of the electric potential, band
bending, and resistivity ratio larger than the experimental
results.

In conclusion, we have demonstrated that ferroelectric
polarization can tune and modulate the conduction at the LAO/
STO heterointerface. The XPS and XSTM/S results reveal the
electrostatic predictions of the conducting state modulation,
demonstrate the possibility of non-volatile control, and provide
compelling evidence in favor of ferroelectric doping at the con-
ducting polar/nonpolar oxide heterointerface.

Experimental Section

Sample Preparation: To realize the LAO/STO interface, a TiO,-
terminated STO(100) substrate was used for this study. An atomically
smooth surface with clear u.c. height steps was observed with atomic
force microscopy (AFM). On top of that, LAO and PZT were grown
by pulsed laser deposition assisted by high pressure reflection high-
energy electron diffraction (RHEED). The substrate was heated to
850 °C and maintained at this temperature during the LAO growth at
2 x 107° Torr oxygen pressure. LAO thin films were grown successfully
with the layer-by-layer growth mode. After that, the samples were
cooled down to 620 °C and oxygen pressure was tuned to 120 mTorr
to start the growth of the PZT layer. After growth, the samples were
annealed for 30 min and cooled to room temperature in O, at a
pressure of 600 Torr.

Structural and Electrical Transport Characterization: X-ray diffraction
techniques were employed to investigate the thin film structure. The
6-20 scan and the asymmetric reciprocal space maps (RSMs) were
performed using the synchrotron radiation source beamline BL-17A
at the National Synchrotron Radiation Research Center (NSRRC) in
Hsinchu, Taiwan. The incident beam was monochromated at 9.3 keV
(ca. 1.333 A) with a Si(111) double crystal mirror and then focused by a
toroidal focusing mirror to obtain a higher intensity beam. Four sets of
slits were used to gain the detection resolution, where two sets of slits
were placed in front of the samples to set beam size about 0.5 mm x
1 mm and the other two were placed after the sample (or before the
scintillation counter) to decrease background noise. These diffraction
measurements were then plotted in reciprocal lattice units normalized
to the STO substrate (1 r.l.u. = 27/asto).

In order to conduct the transport measurements, four square metallic
(Au/Ti) electrodes (0.3 mm? size) connected to the LAO/STO interface
were thermally evaporated on each of the PZT/LAO films using e-beam
lithography. Then gold wires were manually bonded to the electrodes
using silver paste. The samples were cooled by closed cycle refrigeration
and the transport measurements were carried out in a physical
property measurement system (PPMS) (Quantum Design) from room
temperature to 20 K.

XSTM and XPS: For STM studies, the sample was cleaved in situ
and measurements were performed in the cross-sectional geometry in
an ultrahigh vacuum (UHV) chamber with a base pressure of ca. 5 x
107" Torr. In addition, STS images were simultaneously acquired at ca.
100 K temperature. XPS spectra were collected at room temperature on
a Thermo Scientific K-Alpha system, equipped with a monochromatized
Al Kou X-ray source of 1486.6 eV. The C 1s signal at 284.6 eV was used as
the energy reference to correct for charging. The standard deviation of
the XPS peak position errors is about 16 meV, which is smaller than the
step size of 50 meV used for the acquisition.
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