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4 Introduction

The possibility to use higher longitudinal modes, exploiting a photon-photon resonance (PPR) to obtain Extended Modulation Bandwidth (EMB) operation has been
already studied both theoretically and experimentally, for DFB, DBR and in multi-section lasers such as Coupled Cavity Injection Gratings [1-5].

In this work we present a systematic procedure to find EMB condition that we applied to all the previous cases and we report here the application to a CCIG laser
composed by two cavities (active and passive) separated by a grating section. The occurrence of this condition has been explored by varying the refractive index of
the passive sections and evaluating the mode spacing between the lasing mode and the adjacent ones with a static model program. In this way, the conditions to
obtain PPR are found exploiting the compound cavity interference effects. Successively we verified the occurrence of these conditions using a Finite Difference

kTime Domain (FDTD) dynamic model [6]. Y,
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The static model for the 3-sections CCIG in Fig.1 is based on coupled modes IS solved using the finite difference method with the split-step algorithm [6].
equation relating the slow varying components of the co-propagating and Carrier concentration is described trough a rate equation:
contra-propagating fields in each section. The resonance conditions reads: QN(Z’t): 1) N(zt) 2%9(NS(zt) itk S(z,t)= R*(z,t){z +‘R‘(z,t)‘2
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GoF olhk (T11)" Tr € +(T)” | _ G e while gain dispersion is introduced using a numerical IIR filter [7] that reproduces
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Im(G) Fig. 4(a) shows the position of the cavity modes
Pn :atan(R G j= 2zn, n=12,..  for the lasing mode n=m, |G, =1, ¢, =2mzx » calculated with the static model (continuous curves),
e(G) _ « extracted from the TDTW spectra simulated for an injected current of 2l
for the non-lasing modes n=m |G, k1 (9,,¢,) for different values of Ny gya
Results are consistent; an efficient PPR appear possible when ng .., 1s around
where T; is the grating section transfer matrix. For the lasing mode n=m, 3.246 where the frequency separation between the lasing mode and its closest
IG..|=1 and ¢.=2mz. For the side modes n=m, |G |<1 and ¢.=2n. neighbour is around 33GHz.
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In Fig. 2 it is reported an example of EMB condition for a CCIG having a jp— i
grating with coupling coefficient k = 20 cmt and |,= 400 um, and with 100 um 1557 x 3.248
long active and phase sections.The material is a multi-quantum-well structure reeq - - T
emitting around 1550 nm. The grating section is tuned with injection, changing . 5 2 W\ Moduation frequency [GHz]
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In Fig. 2. The lasing and the competing mode (indicated any an arrow) belong R 3245 .,‘_,f;,:(g;::? Tt 1
to a 3-fold degenerate solution and the lasing mode operates in detuned 1554 5 2l ) L o
loading condition [1]. . & {X,.;;;:;;;:iif"' j
3243 P i W .
G() and modes Round-trip phase ¢ / (2x) 19535 AR 2
' ' ' m+2 competmg 530 3.244 3,346 3.048 3.05 5.242 0 20 30 40 50 60
() asing competing (b) 'mode | Grating region refractive index Modulation frequency [GHz] 5
1.5 ' f\ m+l Fig. 4. (a) Comparison of the mode positions calculated with the static model (continuous lines) and with the
: : : : | | | | | FDTM simulator (circles for the lasing mode, crosses for its closer mode); (b) Map of the amplitude modulation
— m responses calculated at 21, for different values of the grating effective refractive index. Inset: cuts of the map
._E . . reporting the AM responses when N .,=3.244 (A), Ny oo=3.246 (B), and ngy ,,=3.248 (C).
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« around (A), self-pulsations disappear; the frequency separation between the

Fig. 2. Round-trip gain G (a) and phase (b) versus wavelength. Spots and arrows indicate the lasing and the lasing mode and its closest neighbour reduces but it is still so high that a large
competing modes. In the inset of (b), the detalil of the feature responsible of the PPR is shown. dip is present in the AM response;

Varying the effective indices in 2 of the 3 sections, we may build color-plot of * near (B), the gap between the two resonance peaks is finally closed, leading

frequency separation between the lasing mode and the closest competing one ;_O a”-Bchbandr\]/vidth Iarge(rj than 33 GH(Z:; Nl dulat .
on the long-wavelength side of the spectrum), in order to find conditions inally, when the two modes merge (C), a single strong modulation peak Is

suitable for PPR. An example for the structure described above is shown In obtained with reduction of the resulting -3dB modulation bandwidth.

Fig. 3. 2nd mode 4 f [GHz]: .- _ EreaUency sebaration from lasing solution Fig. 5(a-b) show the eye diagrams obtained by a large signal modulation of the
3994 2 e 10 AT e | °° CCIG at the maximum EMB small signal modulation condition. The applied
0 i '; § current represents a NRZ PRBS signal and ranges from 45 mA (bit 0) to 100 mA
3.222 20 el =3217 (bit 1); 4dB extinction ration is obtained with a 33 Gb/s modulation.
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Fig. 3. (a) Color-map of the effective reflectivity in the plane of (ordinates) phase and (abscissas) grating section 0 :
effective index ng o - INSide the red region marked by a white contour, frequency separation between the lasing
and the first competing mode (on the long-wavelength side of the spectrum) is below 40 GHz. e e ,.,_-_;,_ ——
(b) The frequency separation as defined above is plotted versus Ny o, » fOr two cuts in the plane of Fig. 3(a), as e WE O BE DD _EFD ¥ 00T O0E 000 0005
indicated by the two dotted and dashed white lines. Tirne [ns] Tirne [ns]

' it ' ' ' _ Fig. 5. Eye diagrams calculated at the optimal EMB condition (n; ,.,,=3.246) with a NRZ PRBS
Having _foun_d these cc_)ndltlons in short CPU time, the more time \_ o8 ot (3 ot apien B 32 Y,
consuming Time-Domain Travelling-Wave model can then be used to

\investigate the CCIG dynamical properties. / 4 Conclusions )
Two complementary models have been proposed to search for EMB operation.
e ~ First, a static analysis of the laser cavity modes allows finding proper PPR
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