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X fast time domain engine
X simple drag & drop circuit builder
X sophisticated data visualisation
X time resolved spectra

X photonic circuits
X large ring resonators
X Mach-Zehnder modulators
X tuneable laser diode models
X travelling wave SOAs
X electro-absorbtion modulators
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a photonic IC circuit simulator

X Integrated suite of tools 
for both passive and ac-
tive photonic IC simula-
tion.

X extensive laser diode and 
SOA physical models
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PICWave



What is PICWave?
PICWAVE is a photonic integrated circuit 

(PIC) simulator capable of modelling both 
passive and active components efþciently us-
ing a time domain method. The simulator is 
ideal for studying the interaction of optical 
components in a larger circuit and can mod-
el devices that are even metres in length. It 
can for example model a 2mm diameter ring 
resonator in a very short time to resolu-
tions of a few MHz in optical frequency.

Calculation method
The calculation engine of PICWAVE is 

based on a powerful and ÿexible travelling 
wave time-domain (TWTD) model, from 
which almost all other results are derived. 

Structure description
A device is deþned by one or more discrete 
waveguide sections and connected by joins . 
Each join can connect 2 (a facet), 3 (a power 
splitter) or 4 waveguides (a power coupler) 
allowing you to build circuits with complex 
topology. 
Waveguides can be passive or can include an 
electro-absorbtion modulator model or be 

active, including electrical contacts for pumping or 
modulation.
  Waveguides can be deþned simply by an effec-
tive index for quick studies or you can construct a 
complete cross-section of epitaxial layers and let 
the program þnd the properties of the waveguide 
itself. One or more layers may be an active material 
containing a carrier population. One or more layers 
may also contain a periodic variation in the z-direc-
tion to deþne a Bragg reÿector.

Waveguide model
The program includes an integrated 2D (+Z) 

waveguide solver based on the effective index ap-
proximation. 

Grating model
The program includes an integrated òKappaó cal-

culator which will model a grating of near arbitrary 
shape using coupled mode theory. This supports 
gain gratings, loss gratings as well as real index grat-
ings.

PICWave 
provides 

probably the 
fastest way 

of simulating 
PICs available 

today.

An active 2R optical regenerator

One of PICWave's strengths is it's 
ability to combine passive and active 
components. This optical regenera-
tor consists of a large passive optical 
circuit totalling over 10,000um of 
waveguides plus two SOAs. 

The regenerator is shown sche-
matically above, consisting of a 
Mach-Zehnder interferometer with 
an SOA in each arm. Initially a steady 
state signal is injected in to the MZI 
(l2) which passes through both 
arms of the MZI and recombines 
on the right. When a data signal is 
present (l1), this upsets one of the 
SOAs causing destructive interfer-
ence when l2 recombines., so turn-
ing off the output. By this means 
we can regenerate the signal on/off 
levels, amplify the signal and convert 
the signal to another wavelength.

The regenerator was simulated 
with PICWave using an NRZ pseu-
do-random input bit pattern with 
an on/off ratio of 5:1 and a rise time 
of 100ns. To the right is shown eye 
diagrams of both the input and out-
put signals. Notice the much higher 
on/off ratio of the regenerated sig-
nal and also the 20x ampliþcation. 
Note however how the SOAs have 
added signiþcant noise to the out-
put. PICWave includes an extensive 
model for noise sources present in 
semiconductor devices, modelling 
carrier ÿuctuations, phase noise and 
intensity noise.



Features:
¸ Efficient optical 

circuit simulator
¸ Travelling wave 

time-domain 
(TWTD) optical 
model

¸ Optical spectra
¸ Wide variety of 

instruments
¸ Integrated mode-

solver
¸ Arbitrary time 

domain input 
signals

¸ Eye diagrams 
¸ S-matix import
Active Model:
¸ PI  and PV curves
¸ Quantum efficiency
¸ Quantum noise
¸ Chirp simulation
¸ Travelling wave 

electrode model
¸ RIN spectra
¸ Material database 

system
¸ Integrated grating 

solver - real and 
gain gratings.

¸ Carrier diffusion
¸ MQWs
¸ Non-linear gain
¸ Auger processes
¸ Thermal effects
¸ Import gain tables
¸ Electro-absorb' 

modulator model

Flexible SOA structure deþnition...
electrodes

active layers

optical mode 
carrier diffusion

injection current

Ring Resonator Filter
PICWave can easily and 

efþciently model ring resona-
tors of 100's um diameter.  
The algorithm is many orders 
of magnitude more efþcient 
than eg FDTD for this ap-
plication, computing a triple 
200um diameter ring resona-
tor down to a wavelength 
resolution of 50MHz and 
spectral range of 50nm in just 
a couple of minutes.

PICWave includes 
many features for study-
ing the propagation of 
a digital signal through 
your circuit. To the right 
is the Oscilloscope view 
of the output from a ring 
resonator showing an 
imperfect eye diagram 
of the transmitted signal. 
The input is an NRZ op-
tical signal. 

In addition, the active 
models can simulate the 
stochastic noise sources 
found in an SOA or laser 
diode, and display the 
impact of these on the 
eye diagram. 

Statistics are com-
puted on the eye diagram 
enabling estimates of bit 
error rates.

Digital signal response

The active models 
will support all the usual 
physical structures in-
cluding ridge waveguides 
and buried heterostruc-
tures. You can even have 
multiple contacts for 
injection proþling. The 
algorithms will model 
the details of the lateral 
carrier proþle, including 
diffusion and spatial hole 
burning.

One active layer 
might have a gain grating 
in it, another might be 
designed as a saturable 
absorber.




