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FIMMPROP



What is FIMMPROP?
FIMMPROP is a revolutionary new 

tool for simulating 2D and 3D optical 
propagation in waveguides.

At the heart of FIMMPROP there is an 
extremely robust calculation engine 
capable of giving rigorous solutions 
to the wave equations., making it pos-
sible to þnd solutions which are fully 
vectorial and fully bi-directional, 
taking into account all the reÿections 
at intermediate joints. 

This makes FIMMPROP capable of 
correctly modelling structures which 
are unsolvable by other methods 
such as BPM, such as waveguides ter-
minated by a tilted facet, reÿectors, 
resonators, even photonic band gap 
structures. 

Moreover the algorithm has been 
reþned and speed-optimised over 
several years, so that even structures 
solvable using other techniques can 
often be simulated in a fraction of the 
time. 

The ÿexible design paradigm makes 
it very easy to model complicated 
systems, by assembling predeþned 
components such as simple straight 
sections, bends, tapered and periodic 
structures, etc, and then inserting the 
resulting component into other user 
assembled components. 

The ease of use and calculation 
speed make FIMMPROP the ideal tool for 
designing a wide range of devices such 
as tapers, MMI couplers, mode con-
verters, codirectional couplers (e.g. 
polarization converters), splitters. 

Calculation method
Propagation is generally done by 

local modal analysis. Z-varying struc-
tures are modelled by joining two or 
more straight sections together. Once 
the local modes of the structure are 
found then propagation along the 
length of the section is near-instan-
taneous. Calculations permit both 
transmission and reÿection coefþ-
cients of the modes at each joint to 
be determined for use in the fully bi-

resonant devices... An example of a DWDM add-
drop  þlter. The boxes between the 
branches are acting as resonators 
which force light at wavelength 
1.532mm incoming in the lower 
branch to be almost totally trans-
mitted into the upper branch.
Up to now these resonant effects 
could only be modelled using 
(rather slow) Time Domain meth-
ods. However FIMMPROP took only 
30 seconds on a 800MHZ PC to 
solve this structure (including the 
þeld plot)!

The ease of 
use and the 
speed of the 
calculations 

make 
Fimmprop 

the ideal tool 
for designing 
complicated 

structures 
such as MMI 

couplers ...

directional propagation algorithm. The algorithm builds 
a scattering matrix description of the device and all its 
elements, which means that once the matrices are gen-
erated, you can obtain the response to many different 
input proþles without further computation, e.g. one 
might want response to both TE and TM excitation. 
Furthermore, if you alter the structure, the routine 
needs only recalculate the elements that have changed.

Propagation in free space, occurring for example 
between a laser facet and a þbre, is treated with an 
efþcient dedicated algorithm. 

Component library
A component is built by linking together predeþned 
sections and joints;
A section may be one of:
l a length of  òrectangular geometryó waveguide,

l a length of þbre,

l a periodic repeat of another component - the sub-
device is repeated N times for the modelling of 
codirectional couplers and the like,

l a waveguide bent in an arc horizontally or 

 to this, within seconds!

Quickly design MMI couplers ...

MMI COUPLER DESIGN:
A mode injected from the left into a Multi 
Mode Interference coupler. In this example 
the output varies with the length of the 
middle section. Because of the modal 
method employed by FIMMPROP, once the 
eigenmodes are known for each section 
of the device, recalculating the output þeld 
after having varied the length of any section 
is an instantaneous operation. 

Get from this...

This feature alone makes possible design 
operations which with other propagation 
methods, such as BPM, would require unre-
alistic lengths of time. So it was possible to 
obtain the optimal coupling length within 
seconds by doing a simple length scan of 
the middle section.



even vertically by speciþed angle,

l tapers - generic taper permits arbitrary 
deþnition of cross section at start and end 
of taper, plus a choice of linear, exponential 
or user deþned taper functions - e.g. you 
can deþne a structure where lateral di-
mensions vary linearly, layer thicknesses 
vary exponentially and a layer refractive 
index varies according to your own tabu-
lated function. The deþnition is sufþciently 
general that you can model more complex 
structures such as Y junctions using con-
catenated òtaperó sections.

A joint may be one of: 
l a simple joint, allowing horizontal and ver-

tical offset of the joined waveguides, plus 
a fully general deþnition of horizontal and 
vertical tilt angle,

l a free space joint (with Free Space Mod-
ule), permitting propagation through air or 
any other uniform medium.

A powerful design 
interface

The modular nature of the method em-
ployed is fully exploited by FIMMPROP in its 
ÿexible, modular design paradigm purposely 
made to take advantage of any symmetries or 
repetitions in the components you create.  

In addition, FIMMPROP also allows you to 
insert at arbitrary depth any component you 
design into another component. This not only 
allows you to build complex structures easily, 

but it also enables FIMMPROP to fully exploit the 
symmetries and repetitions inherent in your 
structure.

Scanning tools
Much attention has been paid to efþciency, 

so that when any parameter of the structure 
is changed, only the minimum amount of recal-
culation is done. In particular, if any parameter 
is changed which leaves the cross sections 
unaltered (e.g. the lengths, offsets  and tilts) 
then recalculation of the signal propagation in 
the modiþed structure is very fast. To exploit 
this fact, FIMMPROP comes with a general scan-
ner which allows you to vary the structure 
parameters continuously. This provides a quick 
and intuitive graphical way of optimising your 
structure, slashing the design cycle in a way 
unachievable using other numerical methods.

Bi-directional Algorithm
FIMMPROPõs bi-directional algorithm is 

inherently stable, unlike many attempts at 
bi-directional propagation simulation. Most at-
tempts at bi-directional propagation have prop-
agated the reÿections back and forth a þnite 
number of times, by which time the amplitude 
is hopefully small. Such an algorithm cannot 
cope efþciently with highly reÿecting structures. 
FIMMPROP can cope with any number of reflect-
ing interfaces, even very highly reÿecting ones. 
This feature alone opens up many new appli-
cations. For example, the program can simulate 
resonating cavities such as the Fabry Perot 
structure, and photonic bandgap crystal 
structures. 

Much attention 
has been paid 
to efficiency, so 
that when any 
parameter of 
the structure is 
changed, only 
the minimum 
amount of 
recalculation is 
done

Start with an S shape ...

... there you have it: the 
optimal structure!

bends ...
do a quick scan 

BEND DESIGN.
 An example of how you can use FIMMPROP 
to design bends and offsets. Once the eigenmodes 
have been found in each section, altering the off-
sets only requires the overlaps at the interfaces to 
be recalculated, instead of propagating the entire 
þeld from scratch. It is therefore feasible to do a 
scan for a range of offsets to þnd the conþguration 
giving maximum power output for the fundamen-
tal mode.



FIMMPROP 
can ac cu rate ly 

mod el strong 
reflections 
caused by 

metal plates 
(even highly 

resonant 
cavities!) 

pro vid ed.

Graphical tools
FIMMPROP comes with so phis ti cat ed 

vis u al i za tion  tools, al low ing you to 
view the forward, back ward or total 
prop a gat ing þ elds in the lon gi tu di nal 
di rec tion,  as well as the cross sec-
 tion al þ eld at any point along the 
struc ture. You can vis u al ise at a glance 
the pow er of any mode as a func tion 
z (prop a ga tion di rec tion), as well as 
the mode pro þ les.

Platforms
PC: Win2K/XP 512MB RAM, Pen-

tium IV 600 MHz or bet ter rec om -
mend ed.

FP3D/01/06               É 2006 Photon Design

FIMMPROP can ac cu rate ly model strong re flec -
tions caused by metal plates - here light is 
prop a gat ed through a sub-wave length hole 
in a metal plate and par tial ly reÿ ected. Even 
losses in the metal are includ ed here.

A robust bi di rec tion al al go rithm ...

FIMMPROP can even accurately mod el photonic 
band gap crystals, providing a fast al ter na tive 
to the time do main meth ods - here light with 
wave length in the photonic band gap re gion 
propagates through a sharply bent de fect 
line with in the crystal. These structures were 
eval u at ed in less than a minute.

tapers and Y-Junc tions 
FIMMPROP is ideal for designing con tin u ous ly 
var y ing structures such as Y-junc tions and 
tapers where near-ad i a bat ic per form ance is 
sought. The pro gram is able to de ter mine how 
long a struc ture must be to achieve ad i a bat ic 
coupling much more rap id ly than tra di tion al 
op ti cal prop a ga tion techniques. More o ver, 
ta pers can be modelled with ar bi trar i ly wide 
an gles and high re frac tive index step, since 
FIMMPROP makes no ap prox i ma tions, in the 
iso trop ic Maxwellõs equa tions.

OPTIMAL LENGTH FOR A Y-JUNC-
 TION.
Here the FIMMPROP scan ner was used to an a lyse 
the variation with var y ing struc ture length of 
the power in the fun da men tal mode at the 
out put ports. Al though the y-junc tion be comes 
ad i a bat ic only at in þ  nite length as ex pect ed, the 
graph will tell you im me di ate ly the min i mum 
length required for e.g. 80% ef þ  cien cy.

Client-Server 
Interface
Almost the whole of the program may 
be con trol led over a TCP/IP link to 
your own programs. Not only can any 
pa ram e ter be altered, any struc ture 
built up, but all the results may be 
sent back to your own algorithms for 
sophisticated optimisation and the 
like. Sam ple client program code is 

HIGH INDEX CONTRAST: FIMMPROP can, by 
virtue of the rigorous methods used, 
accurately model high delta-n struc-
tures such as this fast silicon micro-
taper.  The narrow end of the taper 
is just 0.5um wide and the taper is 
7um long and was used for injection 
into a photonic crystal.


