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Introduction

short laser pulses can drive structural transitions
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how do femtosecond laser pulses alter a solid?
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photons excite valence electrons...
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... and create free electrons...
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... causing electronic and structural changes...
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... Which we detect with a second laser pulse
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Introduction

» dielectric function: ‘fingerprint’ of state

> light can induce structural transitions
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» optically induce electronic transitions
without disordering lattice?

> (coherently) control state of solid?
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optically induce large amplitude phonons,
p _'D-.EII"

14 i i
12 - ﬂ
10—

103 ARIR
(@))
[

U

Te

!
5 | |
-0.5 0 0.5

Cheng et al., Appl. PhysLEtt591923(1 991) ® =

1.0
delay (ps)

1.5

2.0

2.5




Introduction

Tellurium: close to transition (0.3 eV gap)
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» direct observation of semiconductor-
to-metal transition

» order-disorder transition

» transition structural, not electronic
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Displacive excitation

photon promotes electron...
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two-atom model band structure dielectric function
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two-atom model band structure dielectric function
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Tellurium structure
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Tellurium structure

A, mode modulates x



Tellurium band structure

band structure very sensitive to x

12

P. Tangney (Princeton) and S. Fahey (Cork), private communication



Tellurium band structure

bands cross when x changes by 6%
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higher fluence: larger amplitude oscillations
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... but dielectric function non-metallic!
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Discussion

semiconducting because of 0.3 eV gap
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Discussion

after bands cross...




Discussion

... tellurium can become metallic...




Discussion

... provided phonons scatter electrons
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What's next?

» larger amplitude phonons
> different materials
> density functional theory modeling

> multiple pulse excitation for coherent control
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» femtosecond ellipsometry:
observe transitions as they occur
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> dielectric function shows displacive
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» femtosecond ellipsometry:
observe transitions as they occur

> dielectric function shows displacive
excitation of coherent phonons

»> no electronic transition in spite of
structural change
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