New and better program to draw band structures and KSs

draw_band _fs.py



Band structures: 1D nearly free electron approx.

python draw_band_fs.py --type --type 1dband --mode nfe --v 2 --type 1dband --mode nfe --v 2
1dband --mode free --ef fixed 3 - --ef fixed 3 --E_range -0.5 30 --ef fixed 5 --E_range -0.5 30
-E_range -0.5 30
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Band structures: 2D nearly free electron approx.

python draw_band_fs.py --type --type 2dband --mode nfe --v 2 --type 2dband --mode nfe --v 2
2dband --mode free --ef fixed 3 - --ef fixed 3 --E_range -0.5 30 --ef fixed 5 --E_range -0.5 30
-E_range -0.5 30

2D Band Structure (free) Er=3 2D Band Structure (nfe) Er=3 2D Band Structure (nfe) Er=3




2D band structure and FS

--type 2dband --mode nfe --v 2 --type 2dfs --mode nfe --ef fixed 3 --nx_view 0.5
--ef fixed 3 --E_range -0.5 30

2D Band Structure (nfe) Ef=3 2D Fermi Surface (Periodic, nfe) E-=3

0.2 4

0.0 4

ky/(2mfa)

—-0.2

—0.4 1

kxf(2m/a)



2D FS: periodicity and connectivity

python draw_band _fs.py --type 2dfs --mode nfe --v  --type 2dfs --mode nfe --v 2.0 --ef fixed 13 --nx_view 1
2.0 —-ef _fixed 13 --nx_view 0.5
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* Electronic (electron pocket): Inside of FS 1s occupied.
* Hole-like (hole pocket): Outside of FS 1s occupied.



2D FS: Free electron appxo, £, dependence

python draw_band_fs.py --type 2dfs - --type 2dfs --mode free -- --type 2dfs --mode free --
-mode free --ef ﬁxed 3 --nx view 0.5  ef fixed 10 --nx VleW 1 ef_fixed 13 --nx_view 1
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2D FS: NFE, V dependence

python draw_band_fs.py --type 2dfs - --type 2dfs --mode nfe --v 7 -- --type 2dfs --mode nfe --v 10 --
-mode nfe --v 0 --ef fixed 3 --nx_view et_fixed 3 --nx_view 1 ef fixed 3 --nx view 1
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Additional explanation: Evaluation of effective mass, quantum
decoherence time, and quantum mobility

SdH measurement can also provide effective mass and relaxation time, and
consequently mobility.

* SdH magnetoresistance: Ap < Rt - Rp - cos (21‘[% + cl))

X 2m?kgTm* T
Rt = X = Rp =exp|—
T ™ sinhx’ heg > D €Xp WeT

 m" is evaluated from non-linear fit of T dependence of R

. 1
* T 1s evaluated from In Rp vs — plot.
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* Mobility is estimated as p, =

m*’
Note this T 1s different from momentum relaxation time in the usual definition of
drifty mobility. So u, may be called ‘quantum mobility’.



Free questions

Q: Why high mobility and low temperature are required for observing quantum
oscillations

A: Because the energy separation between the Landau levels are very small.

1.

ARl

eB
m*

Landau level spacing: AE, = hw, = h

Thermal fluctuation AEarmal ~ ksT and energy uncertainty AE broadening ~ g

must be far smaller than this energy spacing.
ForB=10T and m, = 1.0 m_,,AE.~11.6 meV

L h _
Quantum scattering time must be T > —~5.7 X 10 14g

Corresponding mobility: u ~ 1.0 X 10* cm?/(V - s)
Temperature limit: T << 11.6 meV/kz~134 K

In general, a few K or below, and ~10* cm?/(Vs) mobility are required.



Free questions

Q: In the fundamental of PES slide, I thought E, was relative to E. But E, is shown
relative to E . in the left figure of the slide and relative to E in the right.
Which one is correct? Or does the definition of Eb depend on the context?

A: That slide combines two different energy scales, the binding energy in material
and the Kinetic energy measured by electron analyzer.

See next slide



Fundamental of PES
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Free questions

QQ: Please explain the process of how to actually make use of
DFT in research.

A: See tutorial videos and documents at
http://d2mate.mdxes.iir.isct.ac.jp/D2MatE/D2MatE_programs.html?page=tutorial .
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Free questions

Q: To what extent is the accuracy of quantities involving excited states in first-
principles calculations?

A: The accuracy of excited-state calculations depends strongly on the choice of
approximation model. Stable crystal structures tend to be improved in the order of DFT
(GGA), hybrid functional methods, and then the GW approximation.

However, even within GGA, the accuracy of stable structures varies depending on the

functional: PBEsol and RZSCAN often yield better results than PBE. That said, PBEsol
tends to underestimate band gaps compared to other GGA functionals.



Free questions

Q: When measuring ARPES on high-resistivity samples, I think it is often difficult
due to effects such as charge-up. To what extent is sample conductivity required for
ARPES measurements?

A: It 1s difficult to give a general answer. Even 1n high-resistivity semiconductors,
measurements can sometimes be performed if photoconductivity occurs (i.e.,
photoexcited carriers are grounded through the sample stage). Otherwise, in general, the
measurement 1s difficult. It should be possible to specify the requirement in terms of sheet
conductivity to some extent, but I do not know the exact numerical values.



Free questions

Q: How does a change in the Fermi surface with temperature or pressure affect
electrical resistivity?

A: These depend strongly on whether sample 1s metal or non-degenerated semiconductor.
* For metals, £ 1s >> eV and temperature / pressure effects are relatively small.
* For non-deg semi., £ may have a large T and P dependences.

Q: I like to better understand how disorder modify the Fermi surface and affect
electron transmission.

A: This also depends on whether sample 1s metal or non-deg semu.
Metals are more insensitive, but heavily disorder systems (like disordered alloy)
may cause ‘alloy scattering’ and reduce mobility



Free questions

Q: Why do interesting phenomena occur due to Fermi surface nesting?

A:
* Fermi surface nesting: On the Fermi surface, there exists a wide region where the
relation (k) = €(k + Q) holes for a certain wave vector Q.

* Example — Magnetic susceptibility: The static spin susceptibility (Lindhard function) 1s

: flex)—f(e
given by X(CI) — Zk :k+quI;+q)'

When the nesting condition 1s satisfied, y(Q) becomes very large.As a result,

. . . 1
phenomena such as enhanced magnetism, antiferromagnetism (e.g., Q = [E’ 0,0]), and

spin density waves (SDW) with incommensurate ) can emerge.
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