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Outline

• Introduction to transition metal dichalcogenides
1 T and 2 H phases

• CDW mechanism of Parent compound 1T-TiSe2
excitonic
semimetal or semiconductor?
Kohn-Overhauser-type

• Cu-doped compound CuxTiSe2
evolution
x=0.07, anomalous metallic state
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2H type: Hexagonal 1T type: Trigonal

structure

Brillouin zone
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CDW & Fermi Surface in 2H 
transition metal dichalcogenides
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CDW wave vector is 1/3b (2/3ΓΓΓΓM)
regardless of doping, or element.
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Typical behavior of partial energy gap at Fermi surface in R(ω)

W. Z. Hu et al., PRB (07)
Single crystal from XH Chen’s group

2H-TaS2

TCDW=75 K

Tc=0.8 K
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No CDW gap @ Γ pocket, but 
the K pocket is partially gapped.
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intercalation

NaxTaS2,

LixNbO2,

CrxNbSe2

……

Fe1/4TaS2
van der Waals gap



Newly discovered CuxTiSe2Newly discovered CuNewly discovered CuxxTiSeTiSe22

E. Morosan et al, Nature Phys. 06



Only superconductor
with 1T structure

NaxCoO2

a=2.84 A c=10.81 A, 
space group: P6/mmc

1T+2H structural block



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!!
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Th. Pillo, et al. PRB (2000)

metallic picture
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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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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

Semimetal to semimetal transition for CDW



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





CDW gap still exists
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Single band metal
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X=0.07

Plasma frequency increases 
with decreasing T!!

Rarely seen phenomenon!!

G. Li et al., PRL (07b) 
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Interband
transitions from 
Se 4p band to 
unoccupied part 
of Ti 3d band



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/0703645, PRB (07)

Hall coefficient is almost T-independent 
for superconducting sample!!



T-dependent electron-phonon interacton





Kinetic Energy (eV)

L-point

D. Qian et al, unpublished

D. Qian et al., PRL (07)



Possible shift of chemical potential with T

µ=µ0[1-α(T/TF)2], 

EF~80-100 meV at 300 K

µ

heavy mass at L point due to very 
strong electron-phonon scattering, 
(linked with lattice instability in 
parent compound).

smaller mass at Fermi 
crossing point due to reduced 
scattering (away from L point).

L

Σ(εk) changes along dispersive band!

G. Li et al., PRL (07b)



Summary for CuxTiSe2

• Semimetal to semimetal CDW transition in 1T-
TiSe2.

• Kohn-Overhauser mechanism for CDW phase 
transition of TiSe2.

• Cu-intercalation shifts up the chemical potential

• Plasma frequency increases with decreasing T
• T-induced effective mass change.

Thank you!!
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