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A METHOD FOR DISTRIBUTION THE DECOUPLING CAPACITANCE
A THE PRESENCE OF NOISE IN SUPPLY NETS

It is recommended to reduce power consumption in integrated circuits which allows
to reduce noise in power networks up to 40% with an increase in the surface area by 10%.
Unlike other available methods, in this case, the power network is more reliable. In this
case, the EMMC testing scheme was chosen as a comparison scheme, and a comparative
analysis was carried out, using other existing methods.

Keywords: power supply noise, noise aware floorplanning, decoupling capacitance,
EMMC test chip, universal successive chip.
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FABRICATION AND INVESTIGATION OF THE (Pr,Ba)CoO; THIN
FILMS FOR THE OXYGEN EVOLUTION REACTION

The epitaxial (Pr,Ba)CoO; thin films with different strain on different substrates
have been fabricated by PLD for oxygen evolution reaction (OER). We have investigated
the relation between the crystal structure as a function of strain and the resulting effect on
the electrocatalytic performance for OER. The RHEED-controlled PLD growth, AFM,
XRD, RMS investigation of the thin films, and the analysis of electrochemical properties in
electrochemical cells is carried out.

Keywords: oxygen evolution reaction, pulsed laser deposition, (Pr,Ba)CoOj3 epitaxial
thin films.

Introduction. To meet the needs of increasing energy consumption, new
energy sources and storages are continuously developing. An efficient and clean
energy storage is hydrogen, which can be produced via electrochemical water
splitting [1]. Electrochemical water splitting driven by a renewable but
discontinuous energy source, such as wind or solar, provides a way to store this
energy. The water splitting reaction consists of two half reactions, the hydrogen
evolution reaction and the oxygen evolution reaction (OER, see Fig.1). The overall
efficiency of the process is limited by the OER, which exhibits low rate constants
and induces irreversible structural changes in electrode materials, leading to a drop
in the performance [2]. To improve performance of such electrochemical cells,
tremendous research is being conducted all over the world. One particular focus are
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fundamental and applied studies on the electrode/water interactions for different
electrode materials, such as metals, metal oxides and others [3].

In recent years, a huge amount of research has been carried out in area of
oxide-based electrocatalysts, especially perovskites, spinels and rutiles. These
materials show high activity and stability, but still there is a lack of fundamental
understanding of dependencies of catalytic performance on the composition and
structure of oxide materials.

Perovskite and double perovskite materials have been reported as a good
electrodes for OER [4-9]. The focus of most studies was set on finding new
materials, ensuring low overpotentials and high stability, as well as on exploring
active sites and reaction mechanisms on the atomic scale. The chemical structure of
the perovskite and the related non-stoichiometry significantly affects the catalysts’
properties. The structure and properties of some perovskites have been extensively
studied. However, data is scarce, especially for double perovskites and composite
materials. It is known that a variation of the A-B ratio in the ABO; perovskite
structure, as well as the oxygen deficiency induce point defects in the crystal
lattice. In double perovskites, cation ordering supports the oxygen vacancy
formation and enhances the mobility of oxygen in the lattice [5]. Besides structural
effects related to the point defects and/or cation ordering, the effects of the
electronic structure merely related to the energetic position of the oxygen 2p-band
center are being discussed [4] as the main reason for a good catalytic performance.

From the abovementioned it is clear that it is necessary to investigate at a
new electrode materials, in particular perovskite materials which are promising
candidates. The Investigation of these materials and the development of fabrication
technologies for electrochemical water splitting cells are demanded. In order to
elucidate the details of the actual chemical descriptors, determining the
electrocatalytic performance, it is particularly required to investigate well-defined
model systems, such as epitaxial thin films, that provide a defined surface
topography and area, as well as defined physical properties, such as electrical
conductivity, crystal structure and crystal orientation. By this approach, systematic
studies can be carried out in order to identify the essential material properties
responsible for good or bad catalytic performance.

Experimental part. The investigation of ProsBaosCoO; (PBCO) thin film
electrodes with different strain prepared by pulsed laser deposition (PLD) has been
carried out.

The general motivation for this PLD-approach is that PLD allows to grow

thin films with defined surface structure as well as defined crystal orientation and
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chemical composition. The strain variation was implemented by using different
substrates such as: single crystalline LaAlOs;, NdGaO;, SrTiOs and DyScOs.
Thereby, we were aimed to deduce the impact of strain and substrates on the
performance and stability of PBCO thin films during the water splitting operation.

In the framework of this research, the PLD growth process for PBCO films
on different substrates were developed and optimized. The main parameters of the
PLD technology (the oxygen content and pressure of gas in the chamber, the
temperature of the substrate, laser fluence) were varied and optimized.

The deposited films were explored by X-ray diffraction (XRD), atomic force
microscopy (AFM) and scanning electron microscopy (SEM) for clarifying the
phase formation, surface morphology and structure features. These results were a
feedback for determining the technological parameters. The influence of substrates
was investigated. The strain was investigated by means of X-ray diffraction
methods, such as reciprocal space mapping (RMS).

After fabricating thin films, their electrical properties were explored. For
this, the epitaxial thin films were contacted by ultrasonic Al-wire bonding.
Subsequently, the thin films were electrically characterized in a dedicated van-der-
Pauw experimental setup (Lakeshore 8000 series). In this study, we aim to disclose
the relation between the crystal structure and electrical conductivity, which is also
essential for the electrocatalytic process (as it requires electron transfer at the
surface of the active layer).

For the research of electrochemical properties, an electrochemical cell was
used. Cyclic voltammetry (CV), as well as impedance spectroscopy were used to
study the electrochemical properties in alkaline media (0,1 mol KOH electrolyte).
The overpotential was measured in reference to a Hg/HgO reference electrode and
Pt was used as counter electrode for hydrogen evolution reaction.

Results and discussion. The Data of structural characterizations, electrical
and electrochemical measurements have been collected. In particular, the electrical
measurment results are presented in the Table and the electrochemical measurements
in Figure.
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Table

Properties of PBCO films on different substrates

Substrates Lattice Film Roughness, nm Sheet Resistance,
constant, A Strain, % Q/o

SrTiO; 3.905 0.38 1 232

NdGaOs 3.86 -0.77 2 231

LaAlOs 3.788 -2.62 1.65 378

DyScO; 3.94 1.28 3.1 4330k

We found out that the higher the strain the higher is the sheet resistance of

epitaxial films. The very high sheet resistance of the films on the DyScOs substrate

is due to the island structure of the films. At the same time the highest current

density in electrochemical measurements were obtained for the films on the
DyScOs substrate.

The combined analysis of these data allow us to determine that the impact of

the strain and substrates on the performance of PBCO for electrocatalytic

performance is essential.

Long term recording and analysis are needed for determining the stability of
PBCO thin film properties. This analysis of the experimental results will help to

understand the fundamental properties of PBCO as an electrode material for OER.

j, mA/cm

Uvs. RHE, V

Fig. IR corrected CV for PBCO on different substrates
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<. HUTSN3UL, $.3. 4NhLuGL, U.h. Y6PEN

(0fd4U0Lh YEMruHUULILU UL NEULUShU3h <UUUN (Pr,Ba)CoOs
EMhSULUPUL FUIULGLENP USUSNRUL BY <ESURNSNRUL

hdwnyuwjht wgbipwiht thnotuuntigdwdp (PLP) wwwnpwuwndb) Gu (Pr, Ba)CoOs
nwppbp jwnpjwsdnyjudp fwhwnwpuhwi Unipp pwnwupubp wwppbp hwppwyubph Jpw!'
perywduh Ytpwlwuqudwu ntwyghwih hwdwp (OER): Nwnwuwuppyby Bu pinipbinuight Yuw-
nnigwéph' jwpywdnyeyniuhg niubigwd Ywiudwdnipyniup b npw wprynupnd® flalupw-
Ywuwwihinpy hwwnynyeniuutiph bW OER-h Yuyniunigjwt Ywwp: hpwlwuwgyb) | pwnwu-
pbph RHEED-h ybpwhulynn hdwnyuwihu jwgbipwihtu thngbiuuntignud, hnwgnnnieniu’
AFM, XRD, RMS dtpnnubipny, tityupwphdhwlwu pohoubipnid EitYupwphdhwlwu hwwn-
Ynrpyniuubiph Ybpindnieyniu:

Unwtgpuypti pwnbp. pprwduh Ybpwlwuqudwu nbwlyghw, hdwynyuwihtu jwugb-
pwjhu thnpbuuwntignid, (Pr,Ba)CoOs bwyhwwpuhw| Unipp pwnwuputp:

A.P. JALITOSH, ®.E. 'YHKEJI, M.U. BEBEP

MHOJYYEHHUE U UCCJIEJOBAHUE TOHKUX IIMTAKCHUAJIBHBIX
IIVIEHOK (Pr,Ba)CoO; JJIs1 PEAKIIUY BOCCTAHOBJIEHUSA
KHUCJIIOPOJA

Wsrorosiiens! snurakcuansabie (Pr,Ba)CoOs ToHKHE TUICHKH C pa3nudHOU gedop-
MaIfel Ha pa3HbIX [TOUI0KKaX MMITYJIECHBIM JIA3€PHBIM OCaXIEHUEM Ui PEAKIIUH BOCCTa-
HoBieHUs kuciopona (OER). MccnenoBano BIUsHHE KPUCTALUTUYECKOW CTPYKTYPHI U Jie-
(hopMany Ha IEKTPOKATANUTHIECKUE XapaKTEPUCTHKN U XUMUYIECKYIO CTAOMIBHOCTD JUIS
OER. OcymectBiensl RHEED-koHTponupyeMoe HMMIYJIbCHOE JIa3€pHOE OCAXKACHUE,
AFM, XRD, RMS wuccnenoBanre TOHKUX IJICHOK U aHAIH3 YJIEKTPOXUMHUIECKIX CBOMCTB B
BBIJICJICHHBIX JJIEKTPOXUMUYECKUX SUEHKaX.

Knrwouesvie cnosa: peaxiyisi BOCCTAaHOBICHHS KHCIOPOJA, MMITYJIBCHOE JIA3€PHOE
ocaxxaenue, (Pr,Ba)CoO; snurakcuaibHble TOHKUE TUICHKH.
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