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Abstract T Gain or loss
This paper reports on the time-domain numerical model of a Gain Loss

parity-time Bragg grating with saturated and dispersive gain. A

The model is compared against the ideal PT scenario WPE:

re . . . .
the gain is constant and unsaturated for all frequencies. \g. 1. Sch.emat|c illustration for a single period of Ae
Bragg grating

1 Introduction 3 Modelling

Recently, a new class of optical metamaterials that utili

lise, . . . .
balanced loss and gain, also known as Parity-Time (Fﬁf' th's papﬁr, a model c:f macr(t)sclobpm Ehygcal ga(;n antq IO.SS’
structures, have opened a new avenue in realising opt y'Ng & homogenously-spectral-broadening and sa Isfying

functionalities, for example, switching [1][2], lasing an e Kramers-Kronig condition [4] is implemented through the

isolating. An interesting potential application of PT devices %ectric con{juctivitw, a; /2 Go/2

in cloaking as they offer unidirectional invisibility over as(w) =( )( _0 + 0 ) (2)

wide frequency range [3]. 14171731 +].(w B wO‘T).T 1 +j(@ + woo)T ;
To date, all modelling oPT-devices has been done usin%}erewmr is the atomic transition angular-frequenay; 2 is

frequency domain methods such as coupled mode theory Q§gP€aK value of the conductivity @b, and is the dipole
using materia that have constant and frequency—independéﬁ axation time parameter. Material gain and loss are
gain and loss However, in practice the gain in material"Plémented as

saturates at high input intensities and any change in therreal a(w) =+ ()

* 3)
imaginary parin the material refractive index is described via Zengéo . .
the Kramers-Kronig relations. where ¢ and ¢, are the free-space light velocity and

This paper outlines the implementation of a dispersipgrmitti\/ity respectively, anay is the real part of refractive

gain material model that satisfies the Kramers-Kronig relatimgex' Loss Is mplemente_d W'Fh a positive sign whilst gain is
Iplemented with a negative sign in. €8).

and gain saturation. This is done in the numerical The f d 4 dielectri .
Transmission Line Modelling (TLM) method. The model is e frequency dependant dielectric properties are
elled using the Duffing model for electric polarization

then used to analyse the response of a PT Bragg grating 'Hﬂt din 15
compare it with the idealised case with constant gain/loss. °4tIN€d In [5las

a2p aP
_ _ ataz/D +268 aZD + W§Pyp = €oXeowipEy 4)
2 PT-Symmetric Bragg grating whereP,, andE, denote the electric polarization and field in

A schematic presentation of a PT Bragg grating is giventn?y—direction,é andw,, denote the damping and die]ectric
Fig.1. The length of the period A= 4, /(2n5), where, is '€Sonant angular-frequency parameters of the medium, and
the Bragg wavelength and is the average refractive indexteo denotes the dielectric susceptibility at DC frequency.

of the grating. The PT- structure requires that loss and gain in' "€ implementation of the gain (2) and Duffing) (4
the structure are balanced which can be expressed vigl0géls are done in the Transmission Line Modelling method
complex refractive indexs A(—z) = A*(z). This condition [6]. The TLM method is a time stepping numerical technique

implies that one period of the Bragg grating has four layers@#s€d upon the analogy Dbetween the propagating

equal length but of different material parameters, so tifigctromagnetic fields and voltage impulses travelling on an

refractive indices of layers satisfy the following distribution: INterconnected mesh of transmission lines. As a time-domain

ng + Ang + gain, 0 <x < A/4 numerical modelit offers flexibility in modelling frequency-

ng — Ang + gain, A/4 <x <A/2 dependent and nonlinear material [6].the TLM method

ng — Ang +loss, AJ/2 < x <3A/4 (1) this is done using-transform approach. The overall outline
ng +Ang +loss, 3A/4<x <A of the TLM approach in modelling dispersive properties is to
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first calculate the electric field at each node from the incidaeglistic model of gain modifies the unidirectional invisibility
voltages from the lef¥} and rightV} nodes. For thdéD case of the grating reducing it to a narrowband phenomenon

this is given by [6],

) ) 1—3z1
2(Vi+ Vi) =2V, + gV, + 2 ( 1) (XewV +pyp)  (5)

1+3z~
whereV, is the normalized electric field in the-direction,
Xeoo 1S the dielectric susceptibility at infinite frequengy(z)
andp,,(z) are the normalized conductivity (2) and electric
polarization (4)n thez-domain In the next step the scattered
voltages from the each node are obtained which become tl
incident voltages on the neighbouring nodes in the following~
time-step. These successive repetitions of the scatte
propagate procedure provide an explicit and stable tim
stepping algorithm that mimics electromagnetic field
behaviour to second order accuracy in both time and space.

ttance right (T..)

ansmi

3 Reault and discussions

In this sectiona PT Bragg grating based on GaAs material is
analysed. The material parameters chosen gig= 7.5,
wop = 4614.4 rad/ps, and§ = 0.0923 rad/ps [7] with the
high and low dielectric susceptibility ag...; = 2.8 and
Xewor = 2.5. The gain parameters ark = 65.2 kW/cm?,

7 =0.1ps and wy, = 1883 rad/ps [4]. The period of the
Bragg grating is desigm so that the band-gap is centred at
the atomic-transition angular frequency,,, i.e. A=
0.14058 um. The background material has, = 3.56, i.e.
the refractive index of GaAs at arouhgim.

Reflectance right (FR)
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Fig. 2. Plot of dispersion of PTBG for passive Bragg filt
PTBG with the ideal model, physical model (low and h

Figure 2 compares the transmittanoethe 200 period intensity) for incident from the right.

GaAs PT Bragg grating for the ideal case, the physical model

and the linear grating that corresponds to the conventiopafer ences

Bragg grating with no gain/loss. The ideal PT model has a
constant and frequency-independent gain with= [1]
0.1325 um™! with and modulation index ofnz = 0.0211.

The physical gain model has a parameter afv,,) =
0.1325 pm™! and was run for lowI(= 0.05 kW/cm?) and [2]
high intensity { = 50 kW/cm?). The linear Bragg grating
hasa = 0 and is included for referencEigures 2(a,b) show

the transmittance and the reflectance for a wave incident from
the right respectively. Figures 2(a,b) show that the PT Brd&@
grating ideal model exhibits a broadband unidirectional
invisibility i.e. T, = T = 1 andI’y = 0. However, in the case

of the physical model unidirectional invisibility occurs only
around the band gap frequency, and is dependent on the input
signal intensity, reducing the unidirectional invisibility to th
narrowband range around the Bragg frequency. The effect is
more prominent at high input intensities which can be
explained by the fact that the saturation of the gain breaks the
balance of gain and loss thereby destroying the PT-symme'E))i.

4 Conclusion

The paper reports on the implementation of dispersive dfb
saturated gain model in the TLM for the time-domain
modelling of the unidirectional invisibility of the PT-
symmetric Bragg gratingsThe saturated gain modifies thd7]
unidirectional invisibility of the grating making it dependent
on the intensity of the input signal. The model shows that the
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