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Outline

• Structure in dichalcogenides

1 T and 2 H phases

• Coexistence and competition between CDW and SC

• Parent compound 1T-TiSe2

semimetal or semiconductor?

mechanism of CDW transition: 

excitonic or others

• Cu-doped compound CuxTiSe2

evolution

x=0.07, anomalous metallic state



2H structure

2H-TaS2

1T structure

1T-TaS2

a=3.314 A, c=12.090 A

Space group P6/mmc A=3.364 A c=5.897 A

Space group: P3m1





2H-TaSe2,   2H-TaS2,  2H-NbSe2,   2H-NbS2

TCDW:         122 K (90 K),    75 K,        35 K,          0 K

Tsc:                0.14 K,          0.7 K,       7.2 K,         6 K

Coexistence and competition between CDW and SC:

Na-intercalated 2H-TaS2: 

CDW suppressed, but SC increases

A. H. Castro Neto, PRL (01)



CDW wave vector is 1/3b (2/3ΓΓΓΓM)
regardless of doping, or element.





E. Morosan et al. cond-mat/0701311

插层

LixNbO2

Fe1/4TaS2
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Typical behavior of partial energy gap at Fermi surface in R(ω)

W. Z. Hu et al., con-mat/0703166
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BCS s-wave gap
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Newly discovered CuxTiSe2Newly discovered CuNewly discovered CuxxTiSeTiSe22

Cava group, Nature Phys. 06



Only superconductor

with 1T structure

Na
x
CoO

2

a=2.84 A c=10.81 A, 

space group: P6/mmc

2H + 1T structural block



Lattice parameter with x,  space group  P3m1



Parent compound 1T-TiSe2

• 1T-TiSe2 was one of 

the first CDW-bearing 

materials

• Broken symmetry at 

200 K with a 2x2x2 

superlattice
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Ti: 3d24s2

Se: 4s24p4

Ti : 3d band

Se: 4p band





No band crossing 

Fermi level below CDW.

It is insulating!!

Γ

L

Γ

L

High T

Low T

2x2x2 superlattice

Se 4p

Ti 3d



Th. Pillo, et al. PRB (2000)

metallic picture

Γ

L

Γ

L

High T

Low T

2x2x2 superlattice

Se 4p

Ti 3d

But does not satisfy the charge neutrality!!X



Issue

• ARPES experiments did not resolve 
conclusively whether the compound is a 
semimetal or semiconductor with a small 
indirect gap.

• The mechanism of the CDW transition:

not due to the Fermi Surface nesting or 
saddle-point singularity



Optical measurement

Experiment:  

Reflectivity  R(ωωωω)
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directly by electron-hole excitation.



0 100 200 300 400 500 600
0.0

0.2

0.4

0.6

0.8

1.0

 

 

 300K

 225K

 200K

 150K

 080K

 050K

 010K

R
e
fl
e
c
ti
v
it
y

Frequency(cm
-1
)

TiSe
2

0 1000 2000 3000 4000 5000
0.2

0.4

0.6

0.8

1.0

 

 

 300K

 225K

 200K

 150K

 080K

 050K

 010K

R
e
fl
e
c
ti
v
it
y

Frequency(cm
-1
)

TiSe2 single 

crystal

G. Li et al., cond-mat/0703167
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0.15 eV

CDW gapDrude

Free carriers with very 
long relaxation time exist 
in the CDW gapped state 

FS is not fully gapped??
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dash curves: fit with Drude 

                     + two Lorentz
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� 1T-TiSe2 is a semimetal with very low carrier density at 

all T

� Carrier density changes with T, decreases from room T 

to 150 K then increases slightly with further decreasing T

� Development of  an energy gap ~0.15 eV below 200 K

� Dramatic different carrier damping at different T



Excitonic Phases W. Kohn, PRL 67

The electron-hole coupling acts to mix the electron band and hole 

band that are connected by a particular wave vector.



Exciton-driven CDW
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Cu-doped CuxTiSe2
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Compared with CuTi2CDW gap still exists

Γ

L

Γ

L

High T

Low T

2x2x2 superlattice



0 1000 2000 3000 4000 5000

0.4

0.6

0.8

1.0

 

 

R

ω (cm
-1
)

 10 K

 50 K

 80 K

 150 K

 200 K

 225 K

 300 K

100 1000 10000
0.2

0.4

0.6

0.8

1.0

 

 

 

R

 10 K

 50 K

 80 K

 150 K

 200 K

 225 K

 300 K

0 2000 4000 6000 8000
0.00

0.02

0.04

0.06

0 50 100 150 200 250 300
13000

14000

15000

16000

17000

 

 

Im
[-

1
/ε

(ω
)]

ω (cm
-1
)

 10 K

 50 K

 80 K

 150 K

 200 K

 220 K

 300 K

 

ω
p
 (

c
m

-1
)

 

T(K)

X=0.07

Plasma frequency increases 
with decreasing T??
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Plasma frequency increases 
with decreasing T??

• n increases with decreasing T??

• m* decreases with decreasing T, undressing effect??
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In terms of two bands:







Cond-mat/0007454 (PRB (2000))



Cond-mat/0703645



Hall coefficient is almost T-independent for 

superconducting sample!!


