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Tailoring of electric dipoles for highly directional 
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The flexibility of photonic structures offers an ideal platform for
exploring parity-time (PT) symmetry phenomena [1]. In these
platforms, electric dipoles are often used as accurate models for
electromagnetic sources, and elliptical dipoles were shown to
provide for directional mode excitation [2]. Here, we tailor the
polarization of an electric dipole to cancel one of the modes of
two coupled PT-symmetric waveguides. This creates a contrast
between wave propagation on both sides of the dipole, which
manifests differently depending on the unique features of the
modes in the various PT regimes.
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Dipole-mode coupling theory Contrast results

Mode characterization

▪ Two guided modes

▪ Exceptional point (EP) at 𝛾=0.1231

▪ Two PT regimes shown through 𝛽
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Abstract

▪ Dipole defined by dipole moment Ԧ𝑝

▪ TM polarization : 𝐻𝑦
▪ Numerically simulated using CAMFR [3], an

eigenmode expansion Maxwell equations solver
→ Scalable

80nm
100nm

100nm

▪ Coupled gain/loss
waveguides:
refractive index
𝑛 = 2 ± 𝑖𝛾

▪ Air gap and cladding

Contribution of a mode 𝑚 to the mode 
decomposition of the field = excitation 

amplitude 𝑨𝒎 ∝ 𝒑. 𝑬𝒎
𝐸𝑚 different left and right (𝑧 < 0 vs 𝑧 > 0)
⇒ One-sided cancellation = directional 
excitation possible if 

൝
𝑝𝑥 𝐸𝑚,𝑥 = 𝑝𝑧 𝐸𝑚,𝑧

𝜙𝑝𝑥 − 𝜙𝑝𝑧 = 𝜙𝐸𝑚𝑧 − 𝜙𝐸𝑚𝑥 +𝜋

(+𝜋 for left)

⇒ The dipole polarization 𝒑 that gives a 
left-right contrast depends on the mode 

field 𝑬𝒎.

(2)
(3)

(1)

⇒ Directionality with linear dipoles in the
PT-symmetric regime and with elliptical
dipoles in the PT-broken regime.

Beating
on

right 
side

EP

As 𝛾 → 𝛾𝐸𝑃,
𝛽1 → 𝛽2
⇒ Longer 

beating step

𝐸1 = 𝐸2 so 
𝐴1 = 𝐴2 ⇒ Full 
directionality

Amplified 
field on 

right side

Mode 2
= gain

⇒

For all 𝛾 (shown for 0.15): 
switchable contrast

Field excited by the dipoles tailored for mode 2 cancellation at each 𝛾: 
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We tailor the polarization of a
dipole to obtain a directional
mode excitation using the theory
of source-mode coupling.
Unidirectional beating and amp-
lification are obtained in the PT-
symmetric and PT-broken regimes
respectively. Full directionality is
possible at the exceptional point.

The beating contrast could be used in a
directional coupler arrangement, as it
would enable the selective excitation of
any of the four ports, whereas the direc-
tional amplification could lead to new
lasing devices in integrated photonics.
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