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The samples were grown from the vapor phase by direct reaction of Nb and S in mole
ratio 1:3 with a 10% excess of sulfur. The growth continued for two weeks in a quartz

tube at T between 665 and 740 °C in a temperature gradient ~50 °C over the tube length
(20 cm)

A 3um-long bridge,
an AFM image

Microphotos of NbS;in TEM




— 1. Introduction
e a) NbS; LI, .....22?7?7.

b) Still more variety, if defects are considered. Stacking
faults.

c) CDWs-1,2,3.
3. Shapiro steps (ShSs), what they give?
4. CDW-1: common features of CDWSs, utmost
characteristics. ShSs up to 20 GHz. Bessel-type
oscillations. Synchronization of fluctuations near Ty,. Phase
slippage.
5. CDW-0: high density, but low mobility. T dependences
of 6,77
6. CDW-2: extremely low density and high mobility.
7. Discussion. What the 3 CDWs form from? The nature of
CDW-2.
8. Announcement of a poster “CDWs UNDER STATIC
AND DYNAMIC DEFORMATION OF WHISKERS ”
/IM.V. Nikitin/.
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Structure and superstructure

a=99A b=34A,c=183A
- A combination of 4 units of
phase | (without dimerization)

FIG. 1. The basic structure of NbS3-II [ag = 0.96509(8) nm,
by = 0.33459(2) nm, ¢p = 1.9850(1) nm, and By = 110.695(4)°].
Large balls represent Nb and the small ones S atoms. There are four
symmetry-related pairs of TP columns in the unit cell, three isosceles

_ _ (Y, O, and P) and one almost equilateral (R). The two inter-column
a=4.963 A! b =2 % 3.365 A1 Nb-S bonds of the eight bonds forming the bi-capped trigonal prisms
c=9.144 A are shown in black. The symmetry elements of the space group
P2,/m are added.




It was only an illusion of systematization

Following Mark Senn we were close to exclaim:
“Welcome to the ZOO!” + defects..
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i A recent TEM Image In ac plane (_L to chains)
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The basic properties of NbS;-11
The 3 CDW transitions
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The basic properties of NbS;-11
Two CDWs at room 7. RT I-V curves
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Differential conductivity vs. voltage
under RF power up to 18 GHz.
(1.6 umXx0.005 um?)
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What is the profit from the Shapiro steps?

0) CDW velocity, its coherence

1) From jopw/f (= 18 A/IMHz/cm? for NbS,) one can find n:
N= (Jopw/f)/(EA)

2) From o(T) one can find dc and, thus, p (just above T;):

1 =dclen = A 86 /(Jepw/T):
or
n=LA(f/l.5\) O0.
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3) Also u of a CDW !

For orthorhombic TaS; with 8o, =2.5:10° (Qcm)?, jepw/f
=38 A/cm2/MHz and A =13 A, u=8.5 cm?/Vs, in agreement with Hall

mobility at 300 K.

For K,3Mo00; for the 21 um-length sample Ip,,/f=1.6 X 10-12A/Hz
and 80=3.4x103 Q1. With A=30A we get u=1.31 cm?/Vs. For
T=158 K the Hall mobility 1.18 cm?/Vs can be found.



i ShSs of CDW-1 — common features of CDWs.
Oscillations of ShS’s magnitudes.

-— ; | T _‘
] ?F_887mv — O.Sj‘\.\\ 75 MHz, sine wave _ ]
A = (a) .2y
7 % 0.2f 8V, q
" 1
4 [ 0.1 ° 8V, 4
(a) | e \ 5\/3 -
x 0.1+ Lo
i . ol N
S - NS .
g = . \a}/j \\-J NN RN
w0 \ S
VactVee 10~ \ SR NP
| \\/.\
e
— — b 0 1 ! | I k\.:}/\rmww
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
(b) TN V”_ )
025
8
2 0.2
[T
=
o 0.15
o

[llustrations of the effects of rf voltage on V,

(a), (b) and 57, (c). (a) corresponds to the first

minimum of V, , (b) to the second, and (c) L R
corresponds to the first minimum of 6V/;. 5%, 0%, ()




i ShSs of CDW-1 — common features of CDW/s.
ShS’sat T— Tp.
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We synchronized CDW fluctuations and found their characteristic time vs. T !




Sliding of CDW-0 and CDW-2
Confronting CDWs at the same samples.
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Densities and mobilities of CDW-0,1,2.
1 : (1/3-1/1000) (chains / unit cell)
0.6: 3 (in cm?/Vs)

Ho-bgibp = 0.05

Article

CDW-1:

Axionic charge-density wavein the Weyl
semimetal (TaSe,),l
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Anaxion insulator is acorrelated topological phase, whichis predicted to arise from
the formation of a charge-density wave ina Weyl semimetal'*—that is, amaterial in
which electrons behave as massless chiral fermions. The accompanying sliding mode
in the charge-density-wave phase—the phason—is an axion** and is expected to cause
anomalous magnetoelectric transport effects. However, this axionic charge-density
wave has not yet been experimentally detected. Here we report the observation ofa
large positive contribution to the magnetoconductance in the sliding mode of the
charge-density-wave Weyl semimetal (TaSe,)l for collinear electric and magnetic
fields. The positive contribution to the magnetoconductance originates fromthe
anomalous axionic contribution of the chiralanomaly to the phason current, and is
locked to the parallel alignment of the electric and magnetic fields. By rotating the
magnetic field, we show that the angular dependence of the magnetoconductance is
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consistent with the anomalous transport of an axionic charge-density wave. Our
results show that itis possible to find experimental evidence for axions in strongly
correlated topological condensed matter systems, which have so far been elusive in
any other context.

FIG. 15. The “fundamental ratio” j./f; of the LT CDW vs the
specific conductivity drop at Tp;. The straight line represents a linear
approximation of the data.
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A still stronger assumption: o(T) follows o, (T)??
ANnd pepyy (T) follows p,(T)??
On the origin of CDW-0,1: what is condensing therein?

Hopping CDW ??



On the origin of CDW-2: stacking faults?
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The conclusions.

- 1. NbS; crystallizes in a number of polytypes, and phase Il is reproducible
. with certain reservations.
= 2. NbS,-1l shows 3 CDWs, which can slide.
3. CDW-1 reveals common features of sliding CDWs:
-ShSs up to 20 GHz.
-The oscillations of ShS magnitudes are periodic in CDW travel in t=1/(2f).
~ -ShSs are observed up to Tp,. Time of fluctuations can be found.
4. ShSs allow estimation of charge density of a CDW. Knowing dc at Tp
"~ one can estimate the mobilities of a CDW and its quasiparticles.
5. For all the 3 CDWs 6(E — ) = 6,
6. For CDW 2,1,0: n,:n;:n, ~(1/3-1/1000) : 1 : 2,
Moty il = 3 : 0.6: 0.05 (in cm?/Vs).

7. CDW-2 is seen on the low-Ohmic, S deficient, samples. It is likely, that
CDW-2 are 2D formations on the stacking faults.
8. CDW-0 seems to form from hopping holes. Also hopping?




The conclusions.

- 1. NbS; crystallizes in a number of polytypes, and phase Il is reproducible
. with certain reservations.

= 2. NbS,-1l shows 3 CDWs, which can slide.

3. CDW-1 reveals common features of sliding CDWs:

-ShSs up to 20 GHz.

-The oscillations of ShS magnitudes are periodic in CDW travel in t=1/(2f).

~ -ShSs are observed up to Tp,. Time of fluctuations can be found.

4. ShSs allow estimation of charge density of a CDW. Knowing dc at Tp
"~ one can estimate the mobilities of a CDW and its quasiparticles.

5. For all the 3 CDWs 6(E — ) = 6,

6. For CDW 2,1,0: n,:n;:n, ~(1/3-1/1000) : 1 : 2,

Moty il = 3 : 0.6: 0.05 (in cm?/Vs).

7. CDW-2 is seen on the low-Ohmic, S deficient, samples. It is likely, that
CDW-2 are 2D formations on the stacking faults.
8. CDW-0 seems to form from hopping holes. Also hopping?

+ “hidden” questions:

- high-E limit of CDW conductions
- distribution of CDW between chains




Announcement of a poster
“CDWs UNDER STATIC AND DYNAMIC
DEFORMATION OF WHISKERS ” /M.V. Nikitin/.
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The most recent effects observed

L

Mrasok
101474 K
9 1470 K

=
o
N
—

8 [454 K

o, (@ cm)™?)

10 |

ITPl 27

300 400 500 600
T(K)

Solid circles — f=10 MH

-1
Voltage (V)



Examples of the correlation between
ocpw (E = ) and o,,. TaS; —0and m

Normalized to (300 K) o(E) curves at different T
for m- (left) and 0-TaS3 (right) (u3 [Itkis et al.,
J.Phys.Cond. Mat. 2 (1990) 8327]).
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Fig. 3. Differential conductivity vs. voltage at different T for a low-ohmic (a) and a
high-ohmic (b) samples.




