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Complex Interface Chemistry of a Seasalt Aerosol Particle
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Interfaces in information

and energy technology
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X-ray photoemission: some key elements
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Photoemission from surfaces,

Phot?elec:cr?n Usually
E...P=7Ks ultrahigh

Vacuum
ono o 2Multi-Torr
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The reasons for higher photon energies
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More bulk sensitive spectra:
a versatile tool for any new
material or multilayer
nanostructure

Broad range of applications
to date!: alloys, SC
materials, oxides, magnetic
devices, PVs, batteries, in
operando, ambient
pressure,...

> “Recent advances in Hard X-ray Photoelectron Spectroscopy
(HAXPES)”, Journal of Electron Spectroscopy and Related
Phenomena, Volume 190, Part B, Pages 125-314 (October 2013)

> “Some future perspectives in soft- and hard- x-ray photoemission”,
CSF and S. Nemsak, J. Electron Spect. 195, 409-422 (2014)



Inelastic Mean Free Path of Electrons in Water
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Early Ambient Pressure XPS Designs
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LBNL Ambient Pressure XPS Design (~2000)

D.F. Ogletree, H. Bluhm, G. Lebedev, C.S. Fadley,
Z. Hussain, M. Salmeron, Rev. Sci. Instrum. 73 (2002) 3872.
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Measurements at 20 Torr water vapor are now possible LBNL/FHI Berlin/Specs
(~equilibrium vapor pressure at room temperature)
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Ambient Pressure XPS Instruments at Synchrotrons
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APXPS for the Investigation of Solid/Vapor, Liquid/Vapor and
Solid/Liquid Interfaces
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Hard X-Ray Photoemission (HXPS, HAXPES,

HX-PES, HIKE...) in the World
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Multichannel Electron Detectors
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Next Generation Detectors for Electron Spectroscopy

Energy-resolved photoelectrons from a next gen. FEL:
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An ALS project:
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ALS High-Speed 1D Detector--Project Overview 2003

e-or hy ¢ -2 GHz overall linear count-rate—
100-1000x faster than present
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Commercial Product 2011
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Ideas for the future

_ Active area: 4 x 1 cm?
2D version of the Pixel: 50p x 200

ALS Detector y
(2003) 0 .
. " services ) (BN <SRl ([ services
_I\Im-tl_qmn_ed back T I -
illumination of Il [
CMOS pixel HI il
detector with
O (@)
electrons
accelerated to ca. Gap: >200u — ~1cm —
25 keV’) (2015) Nuclear Instruments and Methods in Physics Research A 635 (2011) 69-73
Contents lists available at ScienceDirect = eLEAR
Nuclear Instruments and Methods in euics

Physics Research A

journal homepage: www.elsevier.com/locate/nima

Direct detection in Transmission Electron Microscopy with a 5 um pitch

CMOS pixel sensor

Devis Contarato ™, Peter Denes, Dionisio Doering, John Joseph, Brad Krieger

Lawrence Berkeley National Laboratory, 1 Cyclotron Road, Berkeley, CA 94720, USA
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Three ways to scan a standing wave formed in reflection

from single-crystal Bragg planes, or a
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Standing Wave Behavior During a Rocking Curve

or Photon-Energy Scan

Reflectivity- R

Bragg angle

+Same general forms if photon
energy is scanned

With thanks to Martin Tolkiehn, Dimitri Novikov, DESY
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Challenges to Measuring Solid Liquid Interfaces

Obstacles:

- Preparation of sufficiently
hV thick/thin liquid films.
- Enhancement of interface
signal over that of the bulk.

Solid substrate



Standing wave photoemission from a liquid-like layer:

CsOH and NaOH on Fe,O,

The Advanced
Light Source

P

Ioannis
N

S. Nemsak, A. Shavorskiy, O. Karslioglu, |. Zegkinoglou, Aru

A. Rattanachata, C.S. Conlon, P.K. Greene, K. Liu, F. +Samp|e5: Liu Group UCD
Salmassi, E.M. Gullikson, H. Bluhm, Ch.S. Fadley, .

Nature Communictions 5, 5441 (2014). +Mirrors: CXRO LBNL




Standing-wave photoemission at the solid-liquid

interface: some first experiments at ambient pressure

e Fe,0, on Si/Mo
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Chemical Speciation at Interface from Standing Wave APXPS

= 60 Low-BE C
z 7
:i:'l ﬂ. _— _________________________________ cs ngh'BE c
g — 50 R and
% o 4 H,0+0OH"
— —
X £ 40 —_—
= ]
3 £ R
o o -
& 30 o
|||||||||||||||||||||||| 520__ Fe103
11.2 11.6 12.0 12.4 0 7
Incident Angle [°] E ]
10 -
= 0—
= "SI0, | | | |
E 0.0 0.2 04 0.6 0.8 1.0
e Normalized concentration [1]
>
2
£
&
S. Nemsak, A. Shavorskiy, O. Karslioglu, I. Zegkinoglou,
A. Rattanachata, C.S. Conlon, P.K. Greene, K. Liu, F.

AR AR AR R AR AR RARR AR Salmassi, E.M. Gullikson, H. Bluhm, Ch.S. Fadley,

11.2 11.6 12.0 12.4 L
Incident Angle [*] Nature Communictions 5, 5441 (2014).



Chemical Speciation at Interface from Standing Wave APXPS
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Preparing Thin Liquid Films Using the “Meniscus Method”
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Rep (2015).
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(2015).
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SrTiO,/GdTiO,

An interface 2D electron gas

SrTiO,
» Band insulator (E,=2.3 eV)

» Low temperature
superconductor

GdTiO,
» Mott-Hubbard insulator

GdTiO,/SrTiO, interface

» Two-dimensional electron gas (2DEG) at the interface
between two insulators (Appl. Phys. Lett. 99, 232116, 2011)

> Sheet carrier density on the order of 3x1014cm-2
» Ferromagnetism in the 2DEG at the interface (Phys. Rev. X

2,021014, 2012)

Stemmer et al., UCSB
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Appl. Phys. Lett. 99,

232116 (2011).

Stemmer et al.

Can we see this 2DEG with standing

wave ARPES, including its momentum

dispersion and its depth distribution?



GTO/STO multilayer:

Soft x-ray photoemission in the XPS limit @ 833 eV@ 298K
->Matrix-element-weighted densities of states

Gd4f=54 ;3 _ Soft x-ray
_ - 833 eV
= 7 <+ ~200 meV

‘E_ _| — T T [
-:7‘; -2.0eV -1.0 0.0 =E,
‘E_g — Binding Energy [eV]
»
= | —— GTO/STO
& 0 2p — A
GTO+STO
| | | | | | L
-12eV 10 -8 -6 -4 -2 2

ALS BL 7.0.2 Binding Energy [eV]



Depth in sample [A]

Theoretical simulations vs. expt.—1187-just above Gd M. edge

SW emphasizng STO/GTO interface

Theory: E2 -field strength

P; P, P,

vacuum

o

o

—

o

~

=)

)

ol ™

< 08 1.2
E-field [arb.u.]

7.0 8.0 9.0 10.0 11.0

Incident Angle [°]

Relative XPS Intensity [1]

Rocking curves

Experiment

=

>

%

C

(O]

E

%

[a

<

N ()
I /- I > ]
124 A L B ;
T I O] I
P erface) 1.2 3
1.0 T B T

0.8+ 103"

::I||||||||| |i|:|||||||||||:: E

P; P, Py

75 80 85 9.0 95 100

Incident Angle [°]

8.0

9.0

10.0

Incident Angle [°]

V. R

" 4 " 4



Conclusions: Standing-Wave and Resonant PS
and ARPES of SrTiO,/GdTiO,

k-resolved bands of GTO LHB and 2DEG,

evidence for intermixing of the two

2DEG extends through the entire STO layer from

standing-wave rocking curve analysis

Results consistent with 2DEG tunneling subband

spacing measurements and tight binding- or LDA

+ hybrid functional- calculations

Rocking curve forms very sensitive measure of

depth distributions near buried interfaces->future

applications to other systems
CSF and S. Nemsak,, J. Electron Spect. ,
195, 409-422 (2014):
S. NemsSak, et al., TBP




| ______ summay

= Photoelectron spectroscopy has developed over the last
~40 years from a vacuum-based technique to
measurements at elevated pressures and operating
conditions, including buried interfaces

= New facilities and instrumentation:

» Differential pumping to permit higher pressures near
i sample .

!
)f Hard x-ray photoelectron spectroscopy bulk and ﬂ
bungdmterfaees; higher gas pressures

Standmg-wave excitation to more precisely probe in




