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Introduction
In recent years, quantum technologies have been at the
forefront of scientific interest due to a vast array of
possible applications in sensing, communications, and
computing. Of particular interest are optically-active
single point defects in silicon which could be used for
long-distance exchange of information1. The so called
G-center, thought to be composed of an interstitial-
substitutional carbon pair (CiCs) in silicon, is one of
such defects2,3. It emits light at telecom wavelengths of
1280 nm (0.97 eV) and is thus a suitable candidate for
a telecom-range single-photon source4.
In this poster we present a theoretical analysis of the
luminescence lineshape of the CiCs defect in silicon. In
particular, we calculate the normalized luminescence
intensity function L(ℏω) of the CiCs defect in a neutral
charge state, where L(ℏω) is expressed as5

L(ℏω) = Cω3
∑
m

|⟨χgm|χe0⟩|2δ(EZPL − Egm − ℏω).

Methodology
• First-principles density functional theory (DFT)

calculations are performed with a semi-local
functional based on the generalized gradient
approximation (GGA), in particular the Perdew–
Burke–Ernzerhof (PBE) variant.

• By using the approximation of the equivalence
of the vibrational modes in the ground and
the excited states, we utilize a generating
function approach for luminescence lineshape
calculations6.

• The energy of the excited singlet state E(S),
which is a multi-Slater determinant state, is ap-
proximated by E(S) = 2E(S/T )−E(T )7, where
E(S/T ) and E(T ) are the energies of the excited
mixed-spin state and the excited triplet state,
respectively.

Results

0 20 40 60 80 100 120

Energy ε [meV]

0.00

0.05

0.10

0.15

0.20

[ m
eV
−

1
]

Spectral density S(ε)

Partial Huang–Rhys factors Sk

Fig. 1. Spectral density of electron-phonon coupling and
partial Huang–Rhys factors of normal modes.
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Fig. 2. Normalized luminescence intensity function.

Preliminary results indicate a zero-phonon line (ZPL)
energy EZPL of 0.82 eV, which is comparable to the
experimental value of 0.97 eV.
The Debye–Waller factor wZPL (the weight of the ZPL)
and the Huang–Rhys factor S (the average number
of phonons emitted during an optical transition) are
calculated to be about 12% and 2.08, respectively. The
experimental value of wZPL is about 15%1.

Conclusions
• A more accurate agreement of the ZPL energy with the experimental value could be reached by using a more

sophisticated functional and a better description of the excited singlet state.
• Since the form of the luminescence lineshape strongly depends on the size of the supercell, a methodology

which effectively incorporates low concentrations of defects8 is required for more accurate results.
• Results presented here reinforce the conclusion that the G-center is indeed the CiCs pair.
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