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t he enbodi nents of the invention, a brief introduction of known sol utions

i s provi dedHOTODEHr@EO&o! utions are known to be used for nonolithic
integration of SOAs and 20photodetectors: A first solution uses a shall ow
ridge SOA integrated with a deep ridge photodi ode (PD) coupled vertically
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growth of tIhE RIESENRVEIRN IBRtgp t%PPﬁ%Q'&O&OQSPn and PD, respectively.
However, in such known solution, the coupling between the SOA 25and the
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BACKGROUND ART

Optical pre-amplification is widely used for example to increase photoreceivers
sensitivity in order to improve the distance for data transmission over optical fiber
10 in digital communication systems. In such systems cost is typically an important
issue to be considered. In this regard, monolithic integration of a semiconductor
optical amplifier (hereinafter also referred to as SOA) and a photodetector in one
InP single chip become particularly important as it may contribute to reducing
cost of the receiver terminal as well as its size.
15
SUMMARY
Before describing the embodiments of the invention, a brief introduction of known
solutions is provided.
Three solutions are known to be used for monolithic integration of SOAs and
20  photodetectors:
A first solution uses a shallow ridge SOA integrated with a deep ridge photodiode
(PD) coupled vertically by lateral taper that allows for a fabrication process with a
single step growth of the vertical epitaxial structures of SOA and PD,
respectively. However, in such known solution, the coupling between the SOA
25 and the photodiode typically induces propagation losses which typically causes a

limitation in the amplification gain (typically less than 10dB). In addition, a low



limtation in the anplification gain (typically less than 10dB). In
addition, a low WD 2012/041850PCT/ EP2011/ 066766 -2- confinenment SCOA active
regi on i swoypizmhdsy required for vertical coupling whiclrctrpeealobereé nduces
very large TE/ TM pol ari zation | oss. A second known solution relates to
enploying a simlar active region and séfii- insulating buried

het erostructure for both the SOA and the photodetector (also 5 known as
butt-coupling) to increase coupling efficiency between the two opti cal
conponents. Based on this know solution a | arger gain, of about 14dB, has
been denongonfihetenHOWRA aerctive megioypiscibicadly reqpioed dot véiticat sbuplingofvhidhi s
known solution is associated to a reduced power saturation of the

phot odi ode tyhiealtyonduces verydaigeal EATM eotarizatiohiass. t ypi cal |y i nduces a

phot odi ode bandwi dth roll-off 10 about 3-dB. A further drawback is the
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sol ution typi carﬁ or evan cou O I ncrease power
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structure sinplifies the process conponent, it ty as t
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| ow coupling efficiency at the SOA i nput (fiber coupling section) which

typi calpy iaboue3sds. Ahanﬁ@ﬁdnwtmkfusquéejumadlt;t e ief eeczsionsi iegddsgibilegues
the sensitivity of the receiver. Spot size converters (SSC) may be a renedy

for 25 suopticuzplindependeht!e e Hbickness 55dse actve ypgoal Of thi SOA EHMd the
achieve with ridge SOA structure because of the high confinenment in the
active regipbetodioder typcallyy peaing dicawioac kSOA tassfasmanicesy andige kandyddive i s
e e e 2o of the Photodtods.
A third known solution relates to the use of Quantum Well Intermixing to typically
15 use the same waveguide for the SOA section and the passive section and a
photodiode evanescently coupled on top of the passive waveguide. In such
solution, the SOA, the passive waveguide and the photodiode typically use the
same shallow ridge structure. Although this solution typically allows for
evanescent coupling to increase the power saturation of the photodetector and
20 that the common shallow ridge structure simplifies the process of the component,
it typically has the drawback of providing such increase of power saturation at the
expense of a low coupling efficiency at the SOA input (fiber coupling section)
which typically increases the SOA noise figure and therefore typically reduces
the sensitivity of the receiver. Spot size converters (SSC) may be a remedy for
25  such coupling problem, however SSCs are typically difficult to achieve with ridge

SOA structure because of the high confinement in the active region. A further

typical drawback of the shallow ridge structure is the increase of the capacity and



WO 2012/ 041850PCT/ EP2011/ 066766 -3- the resistance of the photodi ode,
typically leading to an estimated bandwi dth | ower than 36 GHz despite a
smal | si 2wo(2atxauiss®0 pnR2) and a 250 effective |oad. | n addigPR@n/64766 t he
know edge of the inventors, with this solution only TE node operating

devi ces have been dermonstrated so far. 59Accor di ngly sone enbodi nents of
the invention feature a nonolithic integrated structure conprising a buried
het er ostructure sem conduct or optical anplifier conprising an active
wavegui de and a deep ridge phot odetector. According to sone specific
enbodi nment she trbsistdncectiutiee pbotodisds §pfoallg tiedding ctonéin nestiemdted pharciwidth
passi ve wavegui de configured to inject an incomng light into 10t he

struct ure. |dwenthanidp Ghlzsdespitepe simfallcsizatbalatiutn®t jsm?)tdre 8t250r efiedivednpdi ses
a first spot size converter configured to allow coupling between the first
optical padriagditigavdguhadngmdedae ot the veigumdd bis sakitioarandy dusiasie
optical anplifier. According to sone specific enbodinents, the structure
conpri ses SREEFNLIViasHRAR\E beer dgransiraied et Bjui de having a high
confinepent, and,.confiqured to,evanescently couple the light to an actiyve
Fogi on of KECHTIYBADBIE CTHRABNENRGOL B bHEN PRl e anBRaPHEl DlegiRiedhi gn
transition tjcal passi.ve vequj de, conpri.ses an.ln P | ayer,. o
accor i ng coutite <FERMIE AERY DTSRI ER Tt sRYGH emptrer
20sem cond : j : LEL ansi 44 ical passive
wavegui de %@éﬁ{g'&ﬁ& %@%%P‘Z%%Xé%@pﬁ?ér?ﬂg % QEE%?@B‘% téf&?c?jlegé’éetb )odi nents, the
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confinement optical passive waveguide configured to inject an incoming light into
10 the structure.
According to some specific embodiments, the structure comprises a first spot
size converter configured to allow coupling between the first optical passive
waveguide and an active waveguide of the semiconductor optical amplifier.
According to some specific embodiments, the structure comprises an optical
15 passive transition waveguide having a high confinement and configured to
evanescently couple the light to an active region of the photodiode.
According to some specific embodiments, the high transition optical passive
waveguide comprises an InGaAsP layer.
According to some specific embodiments, the active waveguide of the
20  semiconductor optical amplifier and the transition optical passive waveguide are
butt-coupled.
According to some specific embodiments, the active waveguide of the
semiconductor optical amplifier is coupled by means of a second spot size
converter to a second optical passive waveguide and the second optical passive
25 waveguide is coupled by means of a third spot size converter to the passive
transition waveguide thereby preventing or substantially reducing backward

reflection toward the semiconductor optical amplifier.



converter to a second optical passive wavegui de and the second opti cal
passi ve 25 waveguide is coupled by neans of a third spot size converter to
t he passiwe 2rzanssshi on wavegui de t hereby preventing or eulvgtrantiosdby
reduci ng backward reflection toward the sem conductor optical anplifier.
WO 2012/ 041850PCT/ EP2011/ 066766 -4- Accofdi ng to some specific enbodi nent,
the passive transition waveguide is planar, at least in part, in the
vicinity of the photodetector. Some enbodi nents of the invention feature a
receiver conprising the nmonolithic integrated structure as proposed herein.
5 These anddcordihgrtof sarher ssedifitd eathadinapt sthef phbsivertesresition maseguinie & e
described in nore detail, for the purpose of illustration and not

| i mtationplamart aelebst ihgarndgn theswueingy iobtheaghaetedetestori n the clainms with the
aid of the acconpanying drawi ngs. 10 BRI EF DESCRI PTI ON OF THE DRAW NGS

Fi gure 1 i Sume exdgsimentssefiibaanyentiongeatisa aatacsivesfcomnrispna thaamenolithic
nmonolithically integrated buried heterostructure SOA and a deep ridge

phot odet ectPImied SHHAKIe 85 PHAROIaFRRIEHENL S. Figure 2 is an exenplary

chematic representati gn o Cross-sectional vi of 15t he nonol.ithicall
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following description as well as in the claims with the aid of the accompanying

drawings.

10 BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is an exemplary schematic representation of a top view of a

monolithically integrated buried heterostructure SOA and a deep ridge

photodetector according to some embodiments.

Figure 2 is an exemplary schematic representation of a cross-sectional view of
15 the monolithically integrated buried heterostructure SOA and photodetector of

figure 1.

Figure 3 is an exemplary graphical illustration of a simulation result related to a

coupling efficiency between a and an SOA wherein photodiode quantum

efficiency is shown versus diode length for a specific diode width and for a
20  specific BH-SOA photodiode optical transition waveguide length.

Figure 4 is an exemplary schematic representation of a top view of a

monolithically integrated BH-SOA and a deep ridge photodetector in but-coupled

configuration according to some embodiments.

Figure 5 is an exemplary schematic representation of a cross-sectional view of
25 the monolithically integrated buried heterostructure SOA and photodetector of

figure 4.



efficiency is shown versus diode length for a specific diode width and for
a 20specific BH SOA phot odi ode optical transition waveguide | ength. Figure
4 is an ewerplxmyssschenati c representati on of a top vi ewCOfEP2011/066766
nonolithically integrated BH SOA and a deep ridge photodetector in

but - coupl ed configuration according to sehe enbodi nents. Figure 5 is an
exenpl ary schematic representation of a cross-sectional view of 25the
nonolithically integrated buried heterostructure SOA and phot odet ect or of
figure 4. WD 2012/ 041850PCT/ EP2011/ 066766 -5- DETAI LED DESCRI PTI ON

Enbodi nent PETAILED DESSRIPAMONel ate to the use of a buried heterostructure
SOA nonolithically integrated with a photodi ode. A buried heterostructure
(BH) confi dumbedinents ok ttevmventiomeclatg & g ase of lenbuniddehetergstauatitre SOA
configuration conprises various |ayers or regions of sem conductor materi al
wi t h di f f eme@iolighiggtyaintegratesk witle alpesodibden in turn gives rise to different
band-gaps within the structure. A buried heterostructure is preferred to be
used i n an/sblrigdheteresiructyes (BH) spnloweatiea s kpewran Hessigiadiash IakIafower

opti cal Iosseﬁ t han shallow ri dge and ﬁieeep . . .
5" ~'such configuration comprises various layers or regions of semiconductor material

with different crystalline structures which in turn gives rise to different band-gaps
within the structure.
A buried heterostructure is preferred to be used in an SOA because it may allow
a better thermal dissipation and lower optical losses than shallow ridge and deep
10  ridge structures. Furthermore, it may become comparatively easier to obtain low
polarization dependence together with low coupling loss with optical fiber when
use is made of a buried heterostructure rather than of shallow ridge and deep
ridge structures.
Some preferred materials to be used for making a BH-SOA are InGaAsP and
15  InGaAs.
The photodiode structure is provided in deep ridge configuration which is
compatible with high speed operation (low junction capacitance and low
resistance).
Some preferred materials to be used for making a Photodetector are InGaAsP,
20 InGaAs and InP.
In order to ensure high coupling efficiency and electrical isolation between the
SOA and the photodetector a high confinement passive transition optical
waveguide may be inserted between the SOA output passive optical waveguide
and the photodetector.
25 In the context of the present description, reference to “high” confinement
waveguide is to be understood to relate to an optical waveguide which is capable

of carrying an optical mode with an area typically having a width at 1/e? of about



10 ridge structures. Furthernore, it nmay becone conparatively easier to
obtain | ow pol ari zati on dependence together with | ow coupling loss with
optical fwbeniahaessouse is nade of a buried heterostruct pce/pradih@seshan of
shal | ow ri dge and deep ridge structures. Some preferred materials to
be used for making a BH SOA are | nGaAsP-8nd 151 nGaAs. The phot odi ode
structure is provided in deep ridge configuration which is conpatible with
hi gh speed operation (low junction capacitance and | ow resi stance).

Some preferred materials to be used for nmaking a Photodetector are | nGaAsP,
201 nGaAs arndsgmbpr Iéss and erhigio optisal rcenfingineadimpthengaedduids myey (fandxample

el ectrical isolation between the SOA and the photodetector a high

conf i nementabpat S0%). t Siamkirlyi en lopt ¢ardinewsrd geptibal megvdgeidensera edavieguickeen

t he SOA out put passive optical wavegui de and the photodetector. 25In the
cont ext of Wiieh [sreapable aecaTyipgicdropticet mogeokith an'aiegtypiedllyfhavingatwidth
wavegui de is to,be understood to relate to an optical wavegui de which is
capabl e of aaleypPatyvesn apeutdIoHm &ALt WMaand g iow yantieal Foninamert & thedt n
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about 0.15 pm and a width of about 3 um; similarly, a high confinement
waveguide may be made in InGaAsP material (photoluminescence of about 1.3

10  um) having a of thickness of about 0.52 um and a width of about 0.13 to 3um
and about 1.1 um in butt coupled configuration.

Such passive waveguide may provide electrical isolation and the high
confinement characteristic of the waveguide may greatly improve coupling
efficiency and reduce reflection in the BH structure and the planar section area.

15 This solution has also the advantage of reducing reflection between the BH
structure and the planar section where the photodetector is provided as will be
described in further detail below.

A preferred material to be used for making a passive transition waveguide is
InGaAsP.

20  Figure 1 is an exemplary schematic representation of a top view of a device 1
comprising a BH-SOA 2 and photodetector 3 monolithically integrated according
to some embodiments. The device 1 is configured to receive input light L through
a first spot size converter (SSC) 4 in order to allow efficient and low loss coupling
of light between an incoming optical fiber (not shown in the figure) and the BH-

25 SOA 2. Afirst low confinement optical passive waveguide 5 is preferably used in

order to inject the incoming light into the SSC 4.



5 wavegui de | ayer (for exanple about 15%. By way of illustrative and
non-limting exanple it is to be noted that a | ow confi nenent wavegui de nmay
be nade iwol2oGzmAss3onat eri al (phot ol um nescence of about ptTEP2@MPsdTayi Ng a

t hi ckness of about 0.15 pmand a width of about 3 pm simlarly, a high
confinement wavegui de may be made in | nGAASP materi al (phot ol um nescence of
about 1.3 10 pm having a of thickness of about 0.52 pmand a w dth of
about 0.13 to 3pmand about 1.1 pmin butt coupled configuration. Such
passi ve wavegui de nay provi de electrical isolation and the high confinenent
char act er i §Sdnte girefdreedvavatgriblie tordye gsedt foy maRimgvea S&bldareginGdAsh earcy and
reduce reflection in the BH structure and the planar section area. 15 This
sol uti on hdsGaAso t he advantage of reducing reflection between the BH
structure and the planar section where the photodetector is provided as
will be deddei BSE i+ thug toaeplageths lingnsnipg. lightpinks dhe sBHNPAr Pawhets btelsUsed
for maki ng a passive transition waveguide is InGaAsP. 20Figure 1 is

exenpl ary SEhdiigdiand issubseavantyoproyfdes frerp an é@\t/'V@fWQV%W%é’f ihQ:BH'p‘I%pf\ ng a
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IR A o Ul
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the SSC 4. S§/@62H%§/ HALSPRREM EREOLLOER AR made of the same materlals as the
first SSC 4. Furthermore the first optical passive waveguide 5 and the second
10 optical passive waveguide 7 may be parts of one and the same structure as
shown in figure 2.
The light may then be input from the optical passive SOA waveguide 7 into an
optical passive transition waveguide 8 preferably made of InGaAsP layer (with
the photoluminescence Q of the material being about 1.3um). The optical passive
15 transition waveguide 8 may be used to evanescently couple the light to an active
region of the photodiode 3.
Evanescent coupling within the context of the present invention may be produced
when an absorbing layer is not in front of the incoming light but displaces, for
example on the top of the waveguide which guides the light. As a result the
20 absorption of light is distributed throughout a wider area of absorption, thus the
light is evanescently absorbed by the photodiode. This effect may avoid or
reduce undesired concentration of photo-generated carriers.
Figure 2 is an exemplary schematic representation of a cross-sectional view of
the device of figure 1. In this figure like elements have been given like reference

25 numerals as those of figure1 unless otherwise provided.



Some preferred materials to be used for making a SSC are I nGAsP and In
GaAs. The SSC 4 thus couples the incomng light into the BHSOA 2 where it

i s anpli fwedomndisss subsequently provided from an acti vecrwmreguiodesof the
BH SOA 5 2 to an output of BH SOA where it is input in a second SSC 6. The
second SSC 6 also allows for an efficient and | ow | oss coupling of the
light to the next stage of the device 1 which may be a second opti cal

passi ve wavegui de 7. The second SSC 6 may have the sane structure and be
made of the sane materials as the first SSC 4. Furthernore the first
optical pags seowawefgude25trendetibe 1semnpdsd adpiiSOA Dpasdiprotadstegtor g 7
may be parts of one and the sane structure as shown in figure 2. The |ight
may t hen benompithicélhoimtedratashaceedingats sorme IDAbodivenis. dEhg photasledectopis cal
passive transition waveguide 8 preferably nmade of InGaAsP |ayer (with the
phot ol um néseferady deep ridge. nat eri al bei ng about 1.3pm). The optical passive
15transition wavegui de 8 may be used to evanescently couple the light to an
active regif¥h IB¢OPING phttoddiRtdd 3s @@éﬁf@?bfeﬂﬂptﬂoﬁblt%ﬁgom'cﬁi RagHee coRfext
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subsequently provides the light at an output thereof where it is input in a second
SSC 6. The light travelling in, through and out of the BH-SOA has been shown in
10  figure 2 by reference numeral L1. The second SSC 6 allows for an efficient and
low loss coupling of the light, shown as L2, to the second optical passive SOA
waveguide 7. The light may then be input from the optical passive SOA
waveguide 7 into an optical passive transition waveguide 8 as shown by means
of arrows L3. The optical passive transition waveguide 8 may be used to
15 evanescently couple the light, shown as L4, to an active region of the photodiode
3.
As shown more clearly in figure 2 1, the active waveguide of the semiconductor
optical amplifier 21 is coupled by means of the second spot size converter 6 to
the second optical passive waveguide 7 and the second optical passive
20 waveguide is coupled by means of a third spot size converter 9 to the passive
transition waveguide 8. This arrangement has the advantage of preventing or
substantially reducing backward reflection from the passive transition waveguide
8 toward the semiconductor optical amplifier 2.
Preferably, the passive transition waveguide 8 has a planar shape in the vicinity
25  of the photodetector area. This area is schematically shown in figures 1 and 2 by
reference numeral 8a. The planar shape of the passive transition waveguide is

advantageous because it simplifies manufacturing processes.



Figure 2 is an exenplary schematic representation of a cross-sectional view
of the device of figure 1. In this figure |like elenents have been given

i ke ref ewenoe/@issuneral s as those of figurel unless ot lperwra@1ps6eresé ded.

WO 2012/ 041850PCT/ EP2011/ 066766 -8- As shown in figure 2, the device 1
conprises a BH SOA 2 and phot odet ect or 3%onol i t hi cal | y integrated
according to sone enbodi nents. The photodetector is preferably deep ridge.
An incomng input light L is preferably input in the optical passive SOA 5
wavegui de 5 which is used in order to inject the incomng light L into the
first SSC #igdree3 fis rapt essiGptarg grapleisal hasiratjin of @ sineul&8tierSC¥s Bt rdlateal toeady
nment i oned above the BH SOA 2 anplifies the received |light and subsequently
provi des t ltoupiinghteffaticaey detween ttherlewf camfareamént passivgpwavaguade endntheSSC
6. The light travelling in, through and out of the BH SOA has been shown in
10 figure Phgjodeteciperte thisnsese B1PhTtesicdsoslowBg @ #notedioder quantum
efficient and low |l oss cqupling of the light, shown as L2, to the second
optical pa$igRNaoierms <fadedergthiae a ?@@ﬁ'f'%ﬁﬂpqeh‘é‘fﬁt%@ﬂ%fﬂﬁta BPBRHIE -
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passi ve vwayggiiddeis/dnd b risftiedhsariposilg &38FhiAtion on such embodiments.
The graph of figure 3 relates to a photodiode width of about 4um and for a BH-

cal

10  SOA photodiode optical transition waveguide 8 length (namely from the output of
the BH-SOA to the input of the photodiode) with a value greater than zero (>0).
Said length is represented in figure 2 by reference D for which some preferred
values are about 0.1 um and about 10um. For a photodiode of 4x15um? (which
may be a typical diode area used for 100Gb/s applications) a quantum efficiency
15  of about 42% is achieved — which is considered to be high - at a wavelength of
about 1.55um with TE/TM polarization dependence loss of less than about
0.5dB. When using SOA optical pre-amplification, a high gain (for example above
20dB) is expected allowing high sensitivity.
The above embodiments are provided for a device structure in which the BH-
20  SOA and the photodetector are provided with certain separation between each
other. According to alternative embodiments the BH-SOA and PD may be
located on approximately or substantially next with respect to each other. This
configuration may also be called a butt-coupled configuration.
Figure 4 is an exemplary top view of such a BH-SOA 2 and a deep ridge
25 photodiode 3 monolithically integrated in but-coupled configuration according to
some embodiments. In this figure, like elements have been given like reference

numbers as those of figures 1 and 2.



20 waveguide is coupled by neans of a third spot size converter 9 to the
passi ve transition wavegui de 8. This arrangenent has the advantage of
prevent i mgoanizuipsbant i al | y reduci ng backward refl ecti orciimeemtihes7passi ve
transition waveguide 8 toward the sem conductor optical anplifier 2.
Preferably, the passive transition wavegm'de 8 has a planar shape in the
vicinity 25 of the photodetector area. This area is schematically shown in
figures 1 and 2 by reference nuneral 8a. The planar shape of the passive
transiti on wavegui de i s advant ageous because it sinplifies manufacturing
processes \BOtROIWIiDG1RB5aPKIIViaRP2831Mi666 AGlbich Oprefseptsr eeRains advarttageplfar ya
graphical illustration of a sinulation result related to coupling

ef f i ci ency noethererd appécatmnsc ompamienEnin passivheravdvedesics andegigrea device

phot odetector (in this case a photodi ode) show ng a phot odi ode quantum

ef fi ci ency capebles difodéntegriing f & avaledyi f Pt divogkionaldien, anfer f oexample
specific BH 5 SOA photodi ode optical transition waveguide length. It is
to be not e(ﬂnlﬂm@'fax'tnﬁi’&r@lr”ﬁﬁﬁxl@ iprasiditetorRiilPHeteftiophe  pur pose of
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preferred val ues are about 0.1 pm and t 10pm For a photodio

4x15pn2 (whjeét thYigheinko bYdYct 8lzedicplertar Esopad for 100G/ s applications) a
guantum effi'ci ency 15 of about 42%is achieved - which is considered to be

hi gh -1at FhaeaggdEnythuicoabrst the Tgumingt ightEhidthel BHIZOA anwHependence
| oss of | ess than about 0.5dB. Wen using SOA optical pre-anplification, a
hi gh gai n (@uplifiedeaq B susequ2ttiBprosdexk peahenltplt oihegBHiDASDMIserEi ivid .
The above enbodi nents are provided for a device structure in which the BH
20 SOA and inpié iphibeopieassi dianaitionpwavegidde B prefeeatlninmade pirlatiaésPhetheeen
each other. According to alternative enbodi nents the BH SOA and PD nay be
| ocat ed on ORPpRlORATRI[ANSIKIOR YRMEaNIde Pl Pander used P reaprsaently cosele Bieher .
This confi ation ma?/ al so be cal Ip}d a butt-courpl ed onfriipgur_ati n., Figure

4 is an exgg{ﬂ 2 ¢ 3Ue 9197 ofdbh RDotdiaep, as gligagy g8 remjion to

phot odi pde .3 nmonplithjcally integrated in but-coupled configuration
accordhgg {ig %T@agﬁ‘gjodi nents. In this figure, |ike elements have been

given |ike g@%g%%ﬁ%{%@@énﬁgcﬁmgﬁc ?éprfeing{a't:’an LY s-3tional view of

2012/ 04185
the device of figure 4.

As shown in figure 5, the device comprises a BH-SOA 2 and a deep ridge
photodiode 3 monolithically integrated according to some embodiments.
20  An incoming input light L is preferably input in the optical passive waveguide 5
which is used in order to inject the incoming light L into the first SSC 4 as shown
by arrow L1. The first SSC 4 couples the light into the BH-SOA 2.
As already mentioned above, the BH-SOA 2 amplifies the received light and
subsequently provides the light at an output thereof where it is input in the
25 passive transition waveguide 8. The light travelling in and through the BH-SOA
has been shown in figure 5 by reference numeral L2 and the light travelling in the

passive transition waveguide has been shown as L3. The optical passive



-10- Butt-coupling is a known techni que which presents certain advant ages
for a nunber of applications, in particular in case where it is desired to
desi gn a wevhm4cspabl e of integrating a variety of funecrmpadittosese for
exanpl e mul tipl exing/denul tiplexing in addition to photo-detection.
S5Referring back to figure 4, the devi ce =i s confi gured to receive the
input light L through a first spot size converter (SSC) 4 in order to allow
efficient and | ow | oss coupling of |ight between on incom ng optical fiber
(not shown on the figure) and the BH SOA 2. An optical passive wavegui de 5
i s preferalaysiioadvaveguide 8 thayiby aséd thevahgsdentiptaouple tiat lightzehownwas t er
(SSC) 4. 10 The SSC 4 thus couples the incomng light into the BH SOA 2
where it i d4abpainfactde egglon of thebgleejodiodeyd.pr ovi ded at an out put of the

BH SOA 2where it is input in the passive transition waveguide 8 preferably
made of | nGask® buttheounied canfiguretpn offiganes ¢ amd walleg)lermh P wiyheoptisald to
evanescently couple the light to an active region of the photodi ode, as

al ready ded@Spion Waveasice gdﬁa'fr@)’l%f)'ingtﬁ‘?e%JtRUtandh?.B|'I’31Sg52r‘?‘é° £g by of the

CHeTPLo6Y. STORTRLIS TSRS T0h 90 TheR SRR BOFLAR0TioLigh Shihtal L
d id t odi 3 lithical i nt t di t
Secp 1 o B3 i BRI R b TP RGBT e Lo Por
oPLL o P RSO il i URel ) Eind gk e SRR RRRTL 1
the light iwHigh {dsn ﬁ'gg%tzfeaﬁﬁe%rr Féé@K/err‘?%{/éHBEQd i?tggr‘s{iﬁphs?@%dg?pﬁ%i%s

anplifies the receiv I'1 ght and subsequently prov t at an

out put t heregdGwlessd !bbybﬁ%j WRHtextEnddte traRSmRRSEn Y&adH, e Init@graven *FWrde 8.
The light travelling in"and through the BH SCA has been shown in figure 5

by ref epeneptimireas atrubirarst & hghdtdddtector qdebpinithe BoirpatibRs forvisighr spedd | on

wavegui de has been shown as L3. The optical passive WO

2012/ 04185@iperdtierd Odilh @6b6ud6ed thedaristruoturee@4u(pdevidingaligheopited gain, low

evanescently couple the light, shown as L4, to an active region of the

phot odi ode M®jse factor and low polarization dependence) preferably taking advantage of an
evanescent optical coupling via SSCs and a buried waveguide provides such
desired functionalities. Such integration scheme is different from the known

15 solutions and may solve the limitation of optical reflection between said two
components, which may allow to etch the re-growth interface between the SOA
active waveguide and the high confinement passive waveguide which otherwise
may cause reflections if the two waveguide are not substantially or perfectly
aligned.

20 Thus the solution proposed herein provides the advantage of allowing the
achievement of high optical gain, low insertion loss and low noise figure.
Furthermore, the proposed solution may provide low TE/TM polarization loss and
high speed operation as compared to known solutions.

Further it is to be noted that the list of structures corresponding to the claimed

25 means is not exhaustive and that one skilled in the art understands that

equivalent structures can be substituted for the recited structure without

departing from the scope of the invention.



In the butt-coupled configuration of figures 4 and 5, the length D of the
optical transition waveguide 8 (nanely fromthe output of the BH SOA to the
i nput of wbeofz/qissbodi ode) may al so have any val ue gr eaternr/gprban/ ogzese (>0)
fromwhi ch some preferred val ues are bel gw about 100pm or about | Opm The
sol ution proposed herein is related to ﬁ?%viding optical pre-anplification
which is an inportant feature for receivers devel oped for high speed
applications (100G/s and beyond) with extended transm ssion reach. The
integration of an 10 optim zed structure of a photodetector (deep ridge
conpat i bl e Iff siioutd b sppeeclatepariathoss )skilledhn ahdartithdt dat Blook diagramsehesei
(providing high optical gain, |ow noise factor and | ow pol ari zati on
dependenceyepiesest adriceptiud ivieyy a0 Blostagteyeofirantre earesiyang thegarircgdles olifile ng
via SSCs and a buried wavegui de provides such desired functionalities. Such
i ntegratiomvttiene is different fromthe known 15 solutions and may sol ve
the limtation of optical reflection between said two conponents, which may
allowto etch the re-gromh interface between the SOA active wavegui de and
t he high confinenment passive wavegui de which ot herwi se may cause
reflections if the two wavegui de are not substantially or perfectly
aligned. 20 Thus the solution proposed herein provides the advant age of

al l owi ng the achi evenent of high optical gain, lowinsertion |oss and | ow
noi se figure. Furthernore, the proposed solution may provide | ow TE TM

pol ari zation | oss and hi gh speed operation as conpared to known sol utions.
Further it is to be noted that the list of structures corresponding to the
clainmed 25 neans is not exhaustive and that one skilled in the art
under st ands that equival ent structures can be substituted for the recited

structure wi thout departing fromthe scope of the invention. -12- It
shoul d be appreciated by those skilled in the art that any bl ock di agrans
herein represent conceptual views of illustrative circuitry enbodying the

principles of the invention.



WD 2012/ 041850PCT/ EP2011/ 066766 -13- CLAI M5 1- A nonolithic integrated
structure conprising a buried heterostructure sem conductor optical

anpl i fi erwoeoyissssng an acti ve wavegui de and a deep ri dgeTHpbatiosesect or.
2- The structure of claim1l conprising a first |low confinenent optical
passi ve wavegui de configured to inject éﬁ%inconing light into the
structure. 3- The structure of claim2 conprising a first spot size
converter configured to allow coupling between the first optical passive
wavegui de and the active 10wavegui de of the sem conductor optica
anplifier. Cl4AIMBhe structure of any one of clains 1 to 3 conprising an
optical passive transition wavegui de having a high confinenent and
configured to evanescently couple the light to an active region of the
phot odi ode. 5- The structure of claim4 wherein the hi%h transition
optical padsi v& 1BORRIiRIGUItegEIRGr Biseciueth ¢aTERIMSIPY | ay driried g hetrmestswgtuist ur e
of any one of clains 1 to 5 wherein the active wavegui de of the _

seni conductS8MIRAJUEPT erHsal aMpHTignPrRESING 2RAGLIVE VaHRgUIda aphaslege ridge
wavegui de are, butt-coupl ed. 7- The structure of any one of clainms 1 to 5
wher ei n th@hggyﬁﬂ%dﬁhveguide of 20 the seniconductor optical anplifier is

Coupl e b el RSO aRE o BRaFEMEE: Tov et Refl s,
T e A8 GO oS ERAPRER M SO T one o 3%
sem conductor @Rkl FRlct @R dIAIRT 2 comprising a first spot size converter configured to
allow coupling between the first optical passive waveguide and the active
10  waveguide of the semiconductor optical amplifier.
4- The structure of any one of claims 1 to 3 comprising an optical passive
transition waveguide having a high confinement and configured to evanescently
couple the light to an active region of the photodiode.
5- The structure of claim 4 wherein the high transition optical passive
15  waveguide comprises an InGaAsP layer.
6- The structure of any one of claims 1 to 5 wherein the active waveguide of
the semiconductor optical amplifier and the transition optical passive waveguide
are butt-coupled.
7-  The structure of any one of claims 1 to 5 wherein the active waveguide of
20 the semiconductor optical amplifier is coupled by means of a second spot size
converter to a second optical passive waveguide and the second optical passive
waveguide is coupled by means of a third spot size converter to the passive
transition waveguide thereby preventing or substantially reducing backward
reflection toward the semiconductor optical amplifier.

25 8- The structure of any one of claims 1 to 7 wherein the passive transition

waveguide is planar, at least in part, in the vicinity of the photodetector.



258- The structure of any one of clains 1 to 7 wherein the passive
transition waveguide is planar, at least in part, in the vicinity of the
phot odet ewbani2/041854- 9- A recei ver conprising the nonol iChirp20mbegeat ed
structure of any one of claim1l to 8. 14

9- Areceiver comprising the monolithic integrated structure of any one of claim

1 to 8.



