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Five years ago a new conecpt for a straightforwardly monolithically intcgrated optical waveguide
isolator has been predicted’. The approach is based on the iden that for monulithic integration the
isolator structure should be very similar 1o that of the laser it s to be integrated with. 1M in a
standard InP-based optical amplifier ($0A) a transversely magmetized feromagnetic metal is
placed very close to the guiding region, the evancscent tail of the guided ground TM mods overlaps
with the magneto-optic (MO) metal and the MO Kerr effect induces a num-reciprocal complux shilt
ol the complex effective ndes of the guided mode, The modal absarption will be different in both
propagation directions, The remainiug loss ia the furward direction can be compensated by current
injection in the active material The result is a component which, being tronsparent in one while
providing loss in the opposite dircction, is isolating and which can be straightforwardly
monelithically imegrated with InP-based active photonic deviees (see Tig. 1). On top of that, as
opposed 1w traditional approaches for an integrated optical waveguide isolator, which are bascd on
non-reciprocal interfurometrie structures in the transparent Be:YIWGGG material system, this
concept has the advantage that it works dircetly on the modal absorption of the guided modes,
henee not needing an interfurmmeler to obtain backward extinetion,
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Fig.1 : Schematic eepresentation of the integrated nptical isclator and operation principle.

Previously, we reported successfiul experimental observation of the nun-reciprocal T absomivn
effect™, and of the growlh and characterization of lensile-strained TnANFaA s multi-guantum-well
{MOQW) layers providing sufficient TM gain for forward loss compensation and sufficient TF gain
suppression”™. Tere we deseribe the design of an optimal layer structure for this type of integrated
optical wavegnide isolator and compare three differcnt Cole alloy compositions, Cogleg,
Cos;Fes, and pure Te. The laver structure consists of a 1. 3pm AlGamAsInP MOW (9 wells at -
1.16% tensile strain) sarruunded by laltica-matched InCraAsP (4, = 1.0um) guiding layers, The
[ullowing logarithmic malerisl gain-current densily relationship was observed for the strained
wills”

J ; ; ;
Gow = 46410 — \I inl/em (with.J in kA/cm?®) {1}
0.525,

We have demonstrated that the noncreciprocal absorption shift can be modelled with sulicient
precision using a perlurbation formalism using the follewing overlap integral™:

0.3 .
AcfdBfem] = - A'[cm] S‘I[H,q.ﬁ, EdS/[[EJT, - E,H 45, (2)

with g ihe complex MO gyrotropy constant and 4 the operation wavelength of the device, On the
pli.h.:r hand, the needod evrrent density For forward loss I:UT"I]'x:r!S-.‘JifHL fh,,..,j,. is found by directly
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using {1) when caloulating the zero arder guided TM made. These two device paramuiers, A and
Ty determine the behaviour of the device. Tt is clear that these will vary as a finction of 1.) the
thickncss of the Inl bulfer Tayer between the mutal and the active layver, ol 2.) the thickness of the
guiding laycrs snaounding the MOQW region, and 3.) as a function of the used ferromagnetic
magnelo-oplic meta) (via its optical absarption and its gyrotrapy constant g). The MO constant g as
well as the complex refractive index n of the three CoFe alloy compositions at 1300mm have been
previously experimentally charscterized

Using Atr and Jyuer. the optimality of the layer structure can he expressed by three different Figures
of Merit {Fob). ‘The available non-reciprocity andfor foss compensating gain is optineally used
when cither the total length per dB of isolation (FoM = 1w, or the total curgent (per width of the
aclive layer) per dB of isolation (FoM = J,./da), or the product of these latter two (FoM -
hrm.{;(_«m}i}, is minimized. We performad such optunisation caleulations on the mentioned layur
struciure using an open-source siab mode solver,™ extended wiih the perturbution formula (2). Fig.
7 shows un example of the kind of calculations. By varying the gniding layers for gach valne of Lhe
thickness of the InP spacer so that one of the above FoM's i minimized, the optinally availahle
non-reciprocity and nueded transparency current is fovnd at cach thickness of the buffur layer.
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Fig. 2: optimisation of (a); the needed current , (b): the length = current product.

These varves show thal From a certain InP bufTer thickness on {depending on the metal wsed and
the FoM comsidesed), there s a saturation-like hehaviour of the opLimally obtainable non-
reciprocity. This is a result of the necd for thicker guiding layers around the MOW in order to keep
the current or the lenpthxeurrent product minimal for low thicknesses of the InP spacer It can also
be secn thal the cqui-stomic CokFe compasition invariably gives the hest resulrs, This is mainly a
result of the higher absolute value of the gymtropy of this composition, Comtrary to popular belief,
pure iron only perforns as strimg s CogFeyn. Fven though we have proven that it is mainly
explained by its lower absolute value for g, this is partially compensated by its considerably fower
optical sbsorption, allowing much thimer puiding layers around the MW for an optimal
transparency curreat that can compete with that of Coylegs. It will 4lso be shown how the complex
behiaviour of the field product F.&, in (2) in this anplifving waveguide can be brought in betier
avcordance with the vomplex phase of g, in order to further optimise the non-reciprocal eflect

tn conclusion, these optimisation caleu'ations show that this integrated isolatur concept is capable
of realizing a very competitive 20dB isolation i a length of only 4.0mm and pecding only
f5mANum active layer width), when using CosFey. Shorter device lengths are possible when
using a lenpgilixeurrent FoM, but this comes at the cost of higher iransparcncy currents.

UL Tatoenaka o il Procesdings 117 intermutional Confraense nn Tl and Related Muleriuls, pp. 289292,
g Vagewo e ghemn, el ul, Appl. TPlays, Lett, 85, 1980 (20043,

i W, Vian Perys, 8 al,, in Proceadings of e 17" (E0E TEOS Anal Meding H004, pp. 380-357.

™ ], Decobor, of al, T Crystal Growth 272, $42 20040,

“K. Postuva, et al, | Opl Soc. Am. T 22, 261 (2005).

% M. Vanwsolleghem, et al, submitted 1o Collogue Louis Mzl 2005,

‘B Pienstian, snd R Bacts , Opt. and Quanim Tlecton. 33, 127 2001).

V135



10™ COLLOQUE LOUIS NEF L

COUCHESMINCESET
NANOSTKUCTURF.S
MAGNETIQUES

VVI « LE. NORMONT »

21-23 SEFTEMBRE . 2oos
DOURDAN, FRANCE




10°™ COLLOQUE LOUIS NEEL

Couches Minces et
Nanostructures Magnétiques

21 — 23 septembre 2005
VVF « Le Normont »
Dourdan, France

Organisé par le groupe « Oxydes magnétiques en
basse dimension » du Laboratoire de Magnéetisme
et d'Optique de Versailles

UMR 8634

CNRS - Université de Versailles Saint-Quentin-en-Yvelines
Batiment Fermat, 45 avenue des Etats-Unis, 78035 Verzailles



