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Analysis Examples Using Fully Automated, Multi-Function Scanning XPS
Equipment Pioneered by Innovative Technology

Maki HASHIMOTO™, Miyako TOZU™', Masahiro TERASHIMA ™, Shin-ichi [IDA™" and Takuya MIYAYAMA™

*'Analytical Solutions Laboratory Product Strategy Dept, ULVAC-PHI, Inc., 2500 Hagisono, Chigasaki, Kanagawa 253-8522, Japan

In recent years, with the advancement of high-performance materials, the structures of devices
combining these materials have become increasingly complex. Particularly, the analysis of material
interfaces, which play a critical role in device functionality, has gained significant importance.
X-ray Photoelectron Spectroscopy (XPS), as a surface analysis technique, has become indispensable.
XPS enables precise measurement of the chemical states and elemental concentrations of material
surfaces and is widely utilized in the development of battery and semiconductor materials. This
article introduces the features and applications of the fully automated, multifunctional XPS system

“PHI GENESIS”.
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Fig.1 Exterior of the latest fully automated

multifunctional XPS instrument, “PHI GENESIS”. »
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Scanning x-ray source
(not visible)

Optional
20 kV Ar;sqq gas cluster

Monatomic Ar ien gun

Electron energy analyzer

Optional LEIPS photon detector /
Dual anode X-ray(not shown)

Optional LaBg scanning electron gun for AES
1 20 kV Cg, gas cluster ion gun / Dual anode
(not shown)

Y

Optional 2 kV REELS
gun (not shown)

Fig.4 Schematic diagram of the various analytical instruments inside “PHI GENESIS”. Shows how various probes
and detectors capture the analysis point of the sample. Directly above the sample is the electron
spectrometer, which is equipped with a hemispherical analyzer and an input lens that collects electrons
emitted from the sample. Black text indicates standard specifications, gray indicates options.
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[Dedicated tilt holder]

Fully

Reference samples 2
for auto-tunning |

Automated ;
Sample Transfer

Sample
introduction chamber

%
f

b bt

ple transfer |

Fig.5 Schematic diagram of the “PHI GENESIS” sample holder (left) and automatic sample transport mechanism
(right). When a sample up to 80 mm X 80 mm is placed in the sample holder and placed in the sample
introduction chamber, the sample holder is automatically evacuated and then transported to the analysis
position by a robot arm. The sample holder is also fully automatically replaced with the sample holder in

the parking lot inside the ultra-high vacuum device.
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T3, AES% W CLIPON/LiCoOMri % 2 175 72,
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Electrochemical im n r EIS) m r
P ~, Internal resistance is one of the biggest obstacles for the practical use of ASSBs.
Thin-Film ASSB We aimed to understand SE/cathode interactions using surface analysis techniques.
Anode : Lithium Metal Half cell battery 4 Pyaulst Plot M
Ca{ri&odle : Li(:loO2 200
Solid Electrolyte : LIPON -
Anode SE CCE iilieed
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ull cell battery 50 - - k.
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(L) [ (ipoN) | (co) | Pt/ 0 = T I o)
zZ[q]
Internal resistance generated at the interface
\ 7 Rl Rz between SE and cathode.
Fig.6 Schematic diagram of the structure of a thin-film all-solid-state lithium battery model sample and the issue
of interface internal resistance.
N J




Table 1 Description of ASSB samples. <y FEENEN, AT MV ED42 eV (LIPON) B
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Sample : All-Solid-Battery State

Li Chemical State Map Li KVV spectra
Material (FIB fabricated) .

(Overlay with SEM image)

LiPON

AES measurer_ne(r;t

iCo0,
(anode)

dN(E)/dE (arb. units)

Co
Li
Li KVV (LiPON) 20 30 40 50 60 70
Li KVV (LiCo0,) Electron energy(eV)

Fig.7 Schematic diagram of cross-section of all-solid-state lithium battery, Li chemical state map by AES, and Li
KVV spectrum.
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Depth profile analysis XP. h profil
was performed using XPS. _ Lco
Al Ka s o
Ar+ F
A degraded layer was
60 O1s observed on the by
Sé L interface side of LCO.
2.2 um & |(—_)}<—
=
g
g 40
5.7 um 45' Co2p32 |
Q
c
8
£ I 1
g 20F P2p s
A degraded layer was detected on < r i
the LIPON interface side of the LCO ]
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Fig.8 Schematic diagram of depth profile (depth direction analysis) of thin-film all-solid-state lithium battery
model sample, and depth profile showing composition changes of O, Li, Co, P, and N elements near the
interface.
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Table 2 Atomic concentration of 100 nm-thick LIPON/
LiCoO: surface before and after heating.

Atomic concentration (%)

Li P N (0) Co
Before heating 24 15 7.3 52 1.8
After heating 24 14 6.9 53 2.8
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LiPON (100 nm-thick) / LiCoO, was heated in XPS chamber at 200°C for 2 hours.
To investigate the effect Lisrstined 4 : : ' bt
of temperature rise during Co 2ps;2 Q1s N1s P 2p Lils
the deposition process, PN
XPS measurements were Col  LICoO, i*-~0-P LiPON
performed before and Nl satellit P=0 g -
after heating in the XPS eating| | p-0-P Peie
system. 2
. Li*--0-P -
Reduction of Co was P e ' i
observed after heating.  peating s
/ / PN ‘/\“_r
P-O-P
100 nm ——[w
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5.7 um Co3+ :

Licod satellite Z‘urfac %

(Ref‘)z 1 snecié§

790785760775 536 532 528 524404 400 396 392140 135 130 12558 56 54 52 50
Binding energy (eV)

Fig.9 Schematic diagram of heating of thin-film all-solid-state lithium battery model sample in the device, and
XPS chemical state spectra of Co 2p, O 1s, N 1s, P 2p, and Li 1s elements before and after heating. XPS
spectrum of LiCoO: is also shown for reference.
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Fig.10 Difference in information depth between
XPS and HAXPES when angle resolved.
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Fig.11 Si 1s HAXPES spectrum before annealing (top), after annealing at 500 C (bottom). From left: TOA 75 °,
45°, 30°.
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Fig.12 TEM image of ALOs-SiO>-Si of 500 C
annealing.
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Fig.13 Image diagram of sample preparation
and measurement points.
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Fig.14 REELS spectrum of the top surface (a) Overall view (b) Enlarged view.
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Fig.15 REELS spectrum in the film (a) Overall view (b) Enlarged view.
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Table 3 Bandgap results (eV) on the top surface and in the film.
(compared with bandgap measured by ellipsometer.)

Bandgap (eV)

REELS REELS Ellipsometer
(Top surface) (in the fllm) (entlre thin film)

Position A
Position B 3.6 3.0 3.1
Position C 33 2.8 29
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Fig.16 Various organic EL materials.
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Fig.17 Top surface spectrum of C60 thin film.
(@) UPS Spectrum (-5 bias voltage applied to sample), (b) LEIPS Spectrum
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Fig.20 UPS and LEIPS spectra of a-NPD thin film
surface.
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