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Motivation

A. Dunn, C. Poyser, P. Dean,  A. Demic, et al. High-speed modulation of a 
terahertz quantum cascade laser by coherent acoustic phonon 
pulses. Nat Commun 11, 835 (2020).

• THz QCLs – coherent THz sources 

based on resonant tunnelling 

transport in conduction band in 

periodic superlattice.

• Propagating acoustic strain pulse 

through 10 μm superlattice

• Modelling challenge: mix of  phonon 

and electronic transport that breaks 

superlattice periodicity.



Motivation

• Observed modulation ~160 

MHz

• Potential modulation ~300 

GHz

• Phenomenological theoretical 

explanation through time 

dependent Schrodinger 

perturbation theory:

A. Dunn, C. Poyser, P. Dean,  A. 
Demic, et al. High-speed 
modulation of a terahertz 
quantum cascade laser by 
coherent acoustic phonon 
pulses. Nat Commun 11, 835 
(2020).
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Acoustic phonons in superlattice
• Acoustic wave equation:
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• Fourier (slow envelope) approximation 𝑝 𝑧, 𝑡 = 𝑝𝑛 𝑧 exp(𝑖𝜔𝑡) :
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• Quasi-analytical solution due to 𝑣𝑠 ≪ 𝜔𝑛:
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• We can define deviations from numerical solution as:
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Acoustic phonons in superlattice - experiment



Acoustic phonons in THz QCLs

• THz QCL types:

• Bound-to-continuum – 8 - 15 wells, low barriers, all states need to be <36 meV

• Resonant (LO) phonon – 2 – 4 wells, lower laser levels is depopulated by 36 meV transition

• Hybrid – 8 – 15 wells, mix of  former two (LO transition is added below miniband)



Acoustic phonons in THz QCLs



Acoustic phonons in THz QCLs – fine structure



Acoustic phonons in THz QCLs – transport modulation

• Acoustic wave envelopes are directly proportional to deformation potential and strain, thus the strain 

should linearly add to bandstructre potential, hence we can define modulation perturbation as:

𝐻′ = 𝑀𝑝𝑛 𝑧



Acoustic phonons in THz QCLs – modulation strength

• Somewhat inconclusive effect as low modes behave 

differently than the higher modes.

• Higher modes show negligible effect on transport even 

at very high (and unphysical) modulation strengths.



Acoustic phonons in THz QCLs – mode number



Acoustic phonons in THz QCLs – mode number

• Higher modes oscillate at much smaller length scales 

than the superlattice layers

• The perturbation with higher modes acts as adding a 

constant to Schrodinger equation – thus no effect even 

at unrealistic modulation strengths.

• Longer period superlattices are more sensitive to 

modulation

• Modulation is highly sensitive up to ~200 GHz 

regardless on THz QCL design 
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