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Importance of ALD Grown Buffer Layer for Magnetron Sputtered LICoO,/LI,La,Zr,0,,

IN All-Solid-State Lithium-ion Batteries

/ Nazlican Esen?, Serra Karpuz!, Nurcin Karadeniz!?, Polatkan Ozcan?, Ayten Cantas3, Lutfi Ozyuzer!¢, Mehtap Ozdemir?, Ugur Unal*, Kamil Kosiel>, Anna Szerling®, Robert Socha®, Gulnur Aygun®:*
(1) Department of Physics, Izmir Institute of Technology, Urla, 35430, Izmir, Turkiye

|
m (2) TEKNOMA Technological Materials Inc., IZTECH Campus, Urla, 35430, Izmir, Tlrkiye 2_.' ViilealEiles

TREHLO WAL MATREMLS (3) Department of Electric and Energy, Pamukkale University, 20160, Denizli, Turkiye Mstiitke o SNCrOelRCImnics

www.teknoma.net and Photonics
(4) Department of Chemistry, KOC University, 34450, Istanbul, Turkiye

_@"ﬁ'{,‘ KOC (5) Lukasiewicz Research Network-Institute of Microelectronics and Photonics, Warsaw, Poland P =3
“Y  UNIVERSITY (6) CBRTP SA Research and Development Center of Technology for Industry, Ludwika Warynskiego 3A, 00-645 Warszawa, Poland Przewaga dzigki innowacji L..s
k *gulnuraygun@iyte.edu.tr /

This study advances all-solid-state lithium-ion batteries (ASSLIBs) by focusing on the deposition of LiCoO. (LCO) as a cathode and Li,La;Zr,0O,, (LLZO) as a solid electrolyte. A dual-deposition system
combining RF magnetron sputtering and thermal evaporation enables the fabrication of uniform, scalable thin films for large-area applications. The project optimizes growth parameters to achieve high energy
density (~200 mAh/g) and cycle stability. Special attention is given to the LCO-LLZO interface, where atomic layer deposition (ALD) introduces a nano-layered buffer film to improve adhesion and charge
transfer. Extensive characterization techniques, including SEM, XRD, Raman spectroscopy, XPS, and electrochemical measurements, evaluate the structural and electrochemical properties of the films. The
project aims to achieve ASSLIBs with over 200 mAh/g capacity and 80% retention after extended cycling, contributing to the development of high-capacity, durable batteries for next-generation energy storage
applications.
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battery and ensures effective electron flow.
* LCO cathode serves as the material for lithium-ion storage. l] l] F
* A buffer layer made of metal oxide (AL,O;, ZrO,, Al,0,-Zr0O,) is located between the cathode and the WP5 WP6

solid electrolyte to improve interfacial stability. LLZO Growth and Characterization ™= | arge Area Growth of LCO, LLZO and Li
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« LLZO solid electrolyte layer facilitates efficient ion conduction while preventing dendrite growth. Y

 Lithium metal anode layer provides a source for lithium ions during charging.

Buffer Layer: Metal Oxides ~few nm
Electrolyte Layer: LLZO 100-400 nm

Buffer Layer: Metal Oxides ~few nm
Cathode Layer: LCO =500 nm

Thin film deposition | « About 100 nm Ti thin film was deposited
onto SLG using DC power supply of 120 W.

« LCO was grown on SLG/Ti by RF ‘

magnetron sputtering at a power of 65 W.
« LCO serves as a cathode layer for ASSLIBs.

Current Collector: Ti 150 nm
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o e ) Contact angle of Ti-LCO sample (a) 6=24.3° (b) 0=19.1° (c) 0=18.5°
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The LLZO powder was mixed by grinding in Plasma during LLZO thin film deposited
an agate mortar and then pressed into a pellet. deposition of LLZO on 15cm x 15cm glass
substrate

3 * The XPS analysis of the LCO thin
% C 1 g o Tomperature 1 10 film revealed the observation of
s | key peaks corresponding to Li 1s,
Co 2p, O 1s, and C 1s.
| . 250 °C
LLZO thin film deposited using Sample of LLZO Aluminum contacts of various 100 200 0% Binding Energy (V) * 0 ‘
83 W RF Power for 60 minutes grown on ITO diameters applied on a o
coated (contact SLG/LLZO thin film XPS survey spectra of LCO thin films grown at room

layer) substrate temperature and 250 °C

and the mask

Target Preparation ‘ ‘ ‘ Thin film deposition ‘ ‘ ‘ Characterization

Optimization studies for LLZO are ongoing. ALD of

* Al,O; and ZrO, layers were reatin

optimized for <=+2% ALD of ALD of 710,/ ALO;
homogenity ultrathin ALO;  ultrathinZrO,  nanolaminates

Repeated

The best Al,O; growth was Mﬁﬂ} upto 10x
achieved at 150 °C with a SUBSTRATE SUBSTRATE SUBSTRATE

1:3 TMA-O, pulse ratio.

Tiand LCO layers grown on SLG substrates successfully. ot e ko of the ALD |
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In-situ heat treatment significantly improved phase purity and crystallinity for LCO. sl — 7rO, growth was nominally o the range of 2-20 -
I o _ —— e Y
Enhanced crystallinity after heat treatment at 250°C. i G "\ performed at 100 °C using  ALD precursors: for ALD of ALO, - TMAIL HO and TMAI, O,
Revealed notable changes in chemical states and the emergence of secondary phases. — b .~/ TDMAZr and water in 1000 for ALD of ZrO, - TEMAZr, H,0

LLZO will be grown as a solid electrolyte layer. it cycles.
The parameters for optimizing the growth of the LLZO solid electrolyte layer are still being studied. O e m s SLG/TI LD sample I
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