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Scattering Rate Calculations
Overview
Step 1: Determine Scattering Potential
Ug(r, t) = U*(r)e ™ 4+ US(r)et™t

Step 2: Calculate Matrix Elements
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Step 3: Calculate State-State Transition Rates
2
Sk, K) = == [|Hiy PS(E(K) = E(k) — Tuw) + [Hiy PS(ER) — B(k) + Fw)

Step 4: Calculate State Lifetime
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Step 5: Calculate Ensemble Lifetime
<T>




Scattering Rate Calculations
Overview

Step 1: Determine Scattering Potential
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Step 2: Calculate Matrix Elements
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Step 3: Calculate State-State Transition Rates
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Step 4: Calculate State Lifetime
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Step 5: Calculate Ensemble Lifetime <7 >

Energy and Momentum Conservation
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Typical acoustic phonon velocity... vs & 10%cm/s

Velocity of typical electron (300 K)... vy = 1O7cm/s
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Energy and Momentum Conservation

Maximum momentum exchange...
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Maximum energy exchange...
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Acoustic phonon scattering is essentially elastic for 300K electrons...

Phonon Occupancy

Phonon number is given by Bose-Einstein distributon...
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The minimum phonon number for any mode interacting with the electrons is...
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Since the phonon number is large, spontaneous emission is negligible




Energy and Momentum Conservation
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Energy and Momentum Conservation
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...can collapse the energy & momentum conservation into a single 3-function
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Electron-Phonon Scattering Time
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Since phonon number is large... ng + 1 = ng
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Electron-Phonon Scattering Time

Can convert the sum over final states to a sum over phonons...
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absorption emission
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Electron-Phonon Absorption Time
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Electron-Phonon Scattering Time
Silicon Example

1 kpTiDim go(E)
(k) R v2p

Density-of-states

« 1% conventional value since electron-phonon scattering doesn'’t flip spin
* Need to account for ellipsoidal valleys in Si conduction band
» Need to account for 6 equivalent valleys
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Electron-Phonon Scattering Time
Silicon Example
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Electron-Phonon Scattering Rate
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Scattering Rate Calculations
Step 1: Determine Scattering Potential

B h =~ i(Br—w ~t —i(Br—w
Ue—ph = _Da (Beg) W (aﬂe (Br—wt) 4 age 8 t))
B

Step 2: Calculate Matrix Elements
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Step 3: Calculate State-State Transition Rates
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Step 4: Calculate State Lifetime
1 kBTLDEﬁT gc(E)
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Step 5: Calculate Ensemble Lifetime
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