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Jlekmop: OnekcaHap Ropatok

Jlekyii 5-6: XBwuni 3apAaoBoI ryCTUHM B ANXaIbKOreHigax nepexigHux meTanis Ta
KBa3iKpUcTanu

* Transition metal dichalcogenides: composition, structure, and applications

* KBa3iABOBMMIPHICTb Ta €/IEKTPOHHA CTPYKTYPa

 CDW in TaSe,: nepexoau y cniBpo3mipHy Ha Hecnispo3mipHy dasu, NncesLoLLiNNHA
* HecTuHr, aBTOKOpenALia Ta ABOX4aCTUHKOBA CNEKTPasibHa PYHKLLA

* Commensurate vs Incommensurate...

e CDW band gaps

* [1anTKKM [NeHpoy3a Ta KBA3iKpUCTanu
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CDW in transition metal dichalcogenides
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Transition metal dichalcogenides
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Nano Convergence 2, 17 (2015)
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Layered transition metal dichalcogenides

ZrSe, TaSe, Tas, NbSe, WSe, MoTe,

MoSe, MoS, GaSe Ga$s SnSe, SnS,

Various transition metal dichalcogenides (T. Shimada)


http://van-der-waals-epitaxy.info/?attachment_id=317

Recent development of 2D transition metal Energy Storages
dichalcogenides and their applications .. .|

-
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;
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= Capacitance: ~330F cm™
= Volumetric power: 40 ~ 80 W cm3
= Energy density: 1.6 ~2.4 mW h cm?3

2D TMDs
applications

SiO,

= High sensitivity for NO: 1 ppm
= Fast electron transfer rate

= Hall mobility for monolayer
MosS, at low temperature: 1,020
cm?Vis!

Photonic Devices

Au front contact
ﬁ '°’1 .-t.‘I,—o

= Mogz GaAs h-aN

(Nat. Nanotechnol. 6, 147-150 (2011)) [2]

_— Au rear contact

= MoS,/h-BN/GaAs solar cell Piezoelectric Devices =High sensitivity of 196 at 100fM
= Power conversion efficiency: 9.03% concentration for protein .

= High sensitivity of 74 for pH.

materialstoday

Volume 20, Issue 3, April 2017, Pages 116-1

= Power density: 2mWm=2

httDS://dOi . Or(]/lo. 1016/| .mattod.2016.10.002 = Energy conversion: 5.08%



https://doi.org/10.1016/j.mattod.2016.10.002

Transition metal dichalcogenides: crystal structure

Electronic properties of transition-metal dichalcogenidew 2H

A. Kuc (2015) Mrs Bulletin
*D0I:10.1557/MRS.2015.143

6.5 A

& Metal atom:

M= Mo, W, Ti....

Chalcogenide:
& X=85, Se, Te,...

& points


https://doi.org/10.1557/MRS.2015.143

CDW in transition metal dichalcogenides
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J. A. Wilson et al. Advances in Physics, 24, 117-201 (1975)

CDW in transition metal dichalcogenides
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https://eduportal.kau.org.ua/pluginfile.php/1982/mod_folder/content/0/J. A. Wilson et al.  Advances in Physics%2C 24%2C 117-201 %281975%29.pdf?forcedownload=1

Metal vs Insulator

Y




J. A. Wilson et al. Advances in Physics, 24, 117-201 (1975)

CDW in transition metal dichalcogenides

Electron diffraction plates
showing superlattice formation.
() 2H-TaS% (300°K).

A crystal showing standard a o
parameter.

(i) 1T-TaS% (300°K). Pattern,
for well-oriented sample, from
~/(13) superlattice.

(i)

4Hb-TaS2 (300°K). Pattern
indexable on 13 superlattice.
Equivalent to superposifion of ~
and /~-domain patterns.

(iv) 1T-TaS~ (300°K). Basically
~/(13)a o superlattice pattern
(here of ~-dolnain type), but
with complex 'decoration'.


https://eduportal.kau.org.ua/pluginfile.php/1982/mod_folder/content/0/J. A. Wilson et al.  Advances in Physics%2C 24%2C 117-201 %281975%29.pdf?forcedownload=1
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CDW in TaSe,: commensurate CDW state
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2H-TaSe, crystal structure, CDW transitions

Normal
State

12.7 A 122 K -

Incommensurate
CDW state

90 K -

« 2nd-order transition to an incommensurate CDW at Ty, = 122 K

* 1st-order lock-in transition to a 3x3 commensurate CDW at T\ = 90 K

* What was strange? No nesting. No change in ARPES spectra at Ty . U

Gap of 24-250 meV only below 90K.
Borisenko 2008
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Binding energy (eV)
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Binding energy (eV)
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Commensurate CDW state of 2H-TaSe,

Normal state 290 K
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|C-CDW and normal state

Comparison
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Pseudogap as a function of temperature
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Autocorrelation — measure of nesting

AC A(k) = /A(k)A(k—l—q)dk: C(q) 290k
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Fermi surface nesting and Lindhard function

Inosov NJP 2008



Electron susceptibility

dk  ng(€) — np(€ipq)
(2ﬂ)d € — Ek—l—q—|_ () —|—10+

Xo(q, w) =2

Lindhard functions at v — 0

Yo = Z HF(Ek) B HF(Ek+q) n Z HF(E ) B HF(Ek+q)

K €~ €kiq k €~ EE—I—q
nF(Ek) - nF(Ek+q) (EE) - HF(EE+q)
+ Z b T Z b_ b
€k~ €hiq K €k ™ Ckiq

Inosov arXiv:0805.4105, arXiv:0807.3929
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Temperatuire variations

— 290K
— 180K
— 107K

6 7 8 9 10 N M r KM
Xo» 3 €V ful Momentum

Inosov arXiv:0805.4105, arXiv:0807.3929



Commensurate vs Incommensurate
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Commensurate vs Incommensurate
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Commensurate vs Incommensurate

Ak, w) =

Nr—-1

B exp(—Di)
B Z (w — g;(k))? + 62

i=—(Nr—1)

gi(k) = —cos[2n(x + Gi)]
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CDW band gaps
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Hall coefficient of 2H
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PRL 102, 166402 (2009) PHYSICAL REVIEW LETTERS 24 APRIL 2009 300 o . .

Two Energy Gaps and Fermi-Surface ‘“Arcs” in NbSe, 100

S.V. Borisenko,' A. A. Kordyuk,' V. B. Zdbolotnyy D.S. Inosov,' D. Evtushinsky,l B. Biichner,' A.N. Yaresko,’
A. Varykhalov,? R. Follath,> W. Eberhardt,” L. Patthey,* and H. Berger’ <

10
Leroux PRB 2015
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Figure S$2. Real part of the Lindhard function at ® = 0 as a function of
momentum and corresponding profile along high-symmetry directions, with the
dominant nesting vector marked by the red arrow. The same vectors can be

seen in left panel as white spots.
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Quasicrystals

KBaB1IKPHUCTAT fpen | pen. con

Martepian 3 Bikinegil — BinbHOT eHuuMknonenil.

Keasikpuctan — ue Teepze Tifo, aTOMM AKOro BNopsaKoBaHi Tak, Lo He YTBOPKKTL KpUcTanivyHol rpaTku (TobTo Us cTpyKTypa
He € nepioau4Hor, No3baeneHa TpaHCNAUIMHOT CUMETPIT), ane B TOW e Yac MOXYTb KOrepeHTHO PO3CikoBaTh BUMNPOMIHKOBaHHS.

Haneaxnmeillow pMUCoK KBa3ikpucTanie € Te, WO BOHM A4al0Tb YiTKi DperriBcbKi Nikn Npy Audpakuil peHTreHiBCbKUX NPOMEHIB |
erneKkTPOoHIB, NPUYOMY OCi CUMETRIT UKX NIKIB MalTe 3abopoHeHi Ana Kpuctanie nopagku, Hanpuknag 5-ni. B 2aransHomy X
BUNagKy HenepioguyHa CcTpykTypa (Hanpuknag, amopdHe Tino, pignHa Towo), He 0DoB'A3KOBO Aae YiTKi BperreBcbKi Miku.

€ OBa TUNKW KBasikMcTanie: 1) CTpyKTypa nepiognyHa no ogHin oci, a y NNoLwuHI nepneHankynsapHii 4o Uin oci —
KBasiKpUcTaniyHa; 2) CTpyKTypa KBazikpucTanivyHa B YCiX TPbOX HanpsaMKax.

3nebinbLworo KBazikpucTanu yTBOPOKTLCHA NPKU LUBMAKOMY OXONogXeHHI poannaeneHunx cnnaeie metanis (Al-Li-Cu, Al-Mn-Si, Al-
Ni-Co, Al-Pd-Mn, Al-Cu-Fe, Al-Cu-V, Cd-Yb, Ti-Zr-Na, Zn-Mg-Ho, Zn-Mg-Sc, In-Ag-Yb, Pd-U-Si Towo), i € HecTabinbHUMK, oaHaK
BUABNEHI TaKOX cTabinbHi KBa3ikpucTanivyHi pe4oBUHN.

ICTOpiH [ pen. | pen. koo ]

[OndpaKUifiHa KapTUHa PO3CiiHHA =
EreKTPOoHIB Ha iKocaeapu4Hil
CTPYKTYpi KBaszikpucTtany Zn-Mg-Ho.
BugHo 10 To4ok no kony.

MaremaTuU4HO MOXNUBICTL 3aNOBHEHHS NPOCTOPY KiflbKOMa NPOCTUMK KOMIpKaMK 3 YTBOPEHHAM HenepioandHol cTpyKTypu Bigkpue vy 1970-ux Pogxep lNeHpoya.

Keagzikpuctanu bynu eigkputi B 1984 poui [lanom LLexTmaHom.



[lesaKi npuKknagm HepeKypCcuMBHOT MaTeMaTUKN
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Puc. 4.12. [lse napsl nAHTOK, KOTOpble NOKpPbHIBAIOT
NNOCKOCTb TONbKC Henepuoguueckd («nanTku TleHpo-
y3a»). Tak)Ke NOKA3AHO 3aMOHEHHEe NNOCKOCTH KaXAoW
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Figure 1. (a). A patch of a Penrose tiling. (b). The diffraction diagram of the
vertex set V of (a) is essentially discrete; thus F is an aperiodic crystal,
according to the new definition.
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Atomic model of an aluminium-palladium-manganese (Al-Pd-Mn)
guasicrystal surface.



[OudpakuinHa KapTnuHa PO3CiSIHHS eSfIeKTOHIB
Ha iKocaedpU4HIN CTPYKTYpPI KBasikpuctany
Zn-Mg-Ho. BugHo 10 To4ok no kony.







