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Auger-Meitner recombination (AMR) is
an intrinsic non-radiative recombination
process in semiconductors.

AMR is of  general interest due to its role 
in limiting the efficiency of  solar cells,1
LEDs,2 and lasers,3 among other devices.

The computational cost and complexity
of calculating the AMR coefficient from
first principles has precluded a detailed
atomistic understanding of the full AMR
mechanism in silicon.
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Figure 2: Schematic of the direct (a,b) and phonon-assisted (c,d) AMR process in silicon. The eeh
process (a,c) promotes an electron while the hhe process promotes a hole to a higher energy state.
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Figure 1: Different recombination mechanisms
present in semiconductor materials

Add implementation of HPC tools
(MPI-IO, GNUparallel, hash tables)
to improve computational efficiency

A direct run evaluates:
100,000 wavefunctions (>1 TB)
200,000,000 𝑀𝟏𝟐𝟑𝟒 terms

A phonon-assisted run evaluates:
300,000 wavefunctions (>4 TB)
150,000,000 "𝑀𝟏𝟐𝟑𝟒;&𝒒 terms
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Figure 4: Carrier concentration (left) and temperature (right) dependence of the AMR coefficient.
Experimental data points are included for reference.4-7 At low carrier concentrations, we use models from
literature to approximate Coulomb enhancement effects.8,9

Figure 3: Scaling relation of calculation size with
respect to Brillouin zone sampling grid.

Figure 5: Decompositions of the total AMR rate reveal the atomistic details along different dimensions,
including electronic valley configurations, phonon modes, and the excited free-carrier distributions.

Figure 6: Visualization of the phonon dispersion along high symmetry lines (dotted lines at 18 and 59 meV
are guides to the eye) and the distribution of phonon wave vectors that contribute to phonon-assisted AMR.

𝐶!!" 𝑛 =
𝐶#$%!!"

1 + 𝑛
𝑛#$%∗

' +
𝐶()!!"

1 + 𝑛
𝑛()∗

*

𝐶!!" 𝑇 = 𝐶#$%!!"𝑒
+,#$$%
-&. +

𝐶/,)12!!"

𝑒
ℏ4'()
-&. − 1

+
𝐶5,)12!!"

𝑒
ℏ4%*+%
-&. − 1

+𝐶/,!6$7!!" 1 +
1

𝑒
ℏ4'()
-&. − 1

+ 𝐶5,!6$7!!" 1 +
1

𝑒
ℏ4%*+%
-&. − 1

We calculate both the free-carrier concentration and temperature dependence
of AMR in silicon, showing excellent agreement with experiment. We construct
physically motivated models for the AMR coefficient for general use.

Zone-edge acoustic phonons and perpendicular (f-type) low-energy electron
configurations contribute most strongly to the overall AMR process. Excited
free-carrier distributions help inform our understanding of the mechanisms.
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Investigate the effects
of bi-axial strain on
the AMR coefficient as
a method to tune this
recombination process,
similar to other strain
engineering efforts.

Interpolation of
Coulomb matrix
elements:

Computational cost could be significantly reduced if we are able to interpolate
the Coulomb matrix elements at arbitrary k-points. One challenge is that the
Coulomb interaction is long-ranged in real space, so methods such as
Wannier-like interpolation will not be feasible.

Figure 7: Effect of  1% bi-axial strain on the electron valley (red) 
occupation in silicon. The effect on holes (blue) is less dramatic.
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Conclusions

In this work, we perform the first calculation of both direct and phonon-
assisted AMR in silicon from first principles. We demonstrate the importance
of the phonon-assisted mechanism to both the eeh and hhe AMR processes.

Source 𝐶$$<,!"# 𝐶$$<,./ 𝐶$$<,&>& 𝐶<<$,!"# 𝐶<<$,./ 𝐶<<$,&>&
This work 0.86 2.33 3.19 0.000089 2.0 2.0

Govonoi (theory)10 ~1.07 - - ~0.000049 - -
Dziewior (exp)4 - - 2.8 - - 0.99
Häcker (exp)5 - - 4.35 - - 2.02

Table 1: Comparison of  AMR coefficients at T=300 K, n,p≈1ｘ1018 cm-3. Values are in units of  10-31 cm6s-1.
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