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III-Sbs overview 
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III-Sbs overview 
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Motivation for GaSb surface preparation 

Integrated devices with various functions

ì Flexibility of integration = ì structuring & regrowth

 288  

saturation that will occur. Later in Chapter 3 we introduced a novel QWI and 

MOCVD regrowth scheme to enable the integration of state of the art high saturation 

power SOAs and uni-traveling carrier (UTC) photodiodes on the same chip as the 

high performance transmitters. The novel high-flexibility integration method uses 

MOCVD regrowth to define low-confinement MQW structures for use in SOA gain 

regions and UTC structures to provide high saturation power photodiodes. Fig. 8.14a 

shows a side-view schematic of a receiver comprised of a dual section SOA with a 

high-gain c-MQW front-end section followed by a high-saturation power o-MQW 

section along with a UTC photodiode and Fig. 8.14b presents a birdseye-view SEM 

image of the device architecture. Chapter 5 detailed the key design aspects of these 

receiver structures and Chapter 7 presented the necessary MOCVD growth 

technology developed for successful device fabrication. In this section we present 

results from the low confinement SOAs and UTC photodiodes achieved during the 

development of the these structures. Although these devices did not integrate the SG-

DBR laser or the EAM, the fabrication sequence was completely compatible with 

that used for the transmitter devices. The full integration would only require 

processing steps to include holographically defined gratings and an intermediate 

intermixing step to realize the EAM band-edge.  

 

 

    
 (a) (b) 

Fig. 8.14. (a)  Side-view schematic of receiver structures comprised of dual section SOAs and UTC 
photodiodes. (b) Birdseye SEM image of SOA/UTC receiver architecture.

J.W. Raring PhD-UCSB-2006

L.J. Mawst et al. JCG Vol.195 (1998)

Localized and improved the emission  (QDs, plasmons)

Localized the optical guiding (waveguide)

Improved the electro and optical properties (DFB, RTD, … )

….
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CHAPITRE 2 : Préparation de surface et reprise d’épitaxie sur surface de GaAs nanostructrée  

  

le fait que les trous changent de morphologie pendant la croissance de la couche tampon comme l’ont 

montré Kiravittaya et al [56] dans leur étude.  

En plus, ces auteursont montré que les BQs qui nucléent entre les trous sont dues à l’ajout d’une 

quantité d’InAs supérieure à l’épaisseur critique correspondant à la formation des BQs sur surface 

structurée. Après un recuit de 2min 30s, le nombre de BQs observées entre les motifs est réduit par 

rapport à celui observé avant traitement thermique. La morphologie des boîtes a été modifiée (figure 

2.16 (b)). En effet, les paires de boîtes se sont fusionnées en des boîtes uniques plus larges. Le recuit 

permet donc de redistribuer le matériau en facilitant la migration des adatomes d’In.  

   Hakkarainen et al ont discuté l'influence de la température de croissance et l'épaisseur de la couche 

tampon de GaAs sur la densité et les propriétés optiques des BQs [57] épitaxiées sur des réseaux de 

nano-tranchées de 90 nm de largeur, 30 nm de profondeur et 180 nm de pas. La quantité d’InAs 

déposée est de 2.2 MC. Ils ont constaté qu’un choix judicieux des conditions de croissance et 

d’épaisseur de GaAs permet de parvenir à une densité égale des BQs orientées selon les directions 

[001], [01-1], [011] et [001] (figure 2.17) et à une bonne photoluminescence. En outre, les plans 

(411)A obtenus selon la direction [01-1] entraînent une réduction de la densité des BQs ainsi que de la 

rugosité des flancs. Ce résultat est surprenant car il ne démontre aucun effet d’anisotropie selon les 

directions [110], [1-10] et [010] utilisées pour aligner les BQs. 
 

 
Figure 2.17 : Photographies AFM des boîtes quantiques InAs obtenues selon différentes orientations à une 

température de 515°C et une épaisseur de la couche tampon de 60nm  (a, b et c) et 15 nm (d, e et f) [55]. 
 
 

   Récemment, une étude publiée par Yakes el al [58] confirme les résultats de Lee, Atkinson et 

Helfrich sur l'anisotopie de la croissance épitaxiale des BQs  sur surfaces structurées en donnant       
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MDE t~egrowth ot lnAs/Al~Sb/U-a;Sb
Heterostructures on Patterned Substrates 389

reg ions o f InAs and darker ones o fGaSb. Fo r a s t r ipe
or ien ta t ion in the [011] direct ion (Fig. 2a), t h e s h ap e
nea r t he edges is determined by ( 1 1 1 ) B p lanes .
Un l i k e the cases in the regrowth o f A1Sb/GaSb and
A1GaAs/GaAs he t e ros t ruc tu re s , no drast ic differences
are observed in the growth rates o f InAs and GaSb on
( l l l ) B p l ane s . Fo r a s t r ipe or ien ta t ion in the [ 0 11 ]
direct ion (Fig. 2b), differences in growth rates on
var ious planes are more obvious. No t renches are
observed next to t he pat tern edges fo r this material
combina t ion , in con t r a s t to tha t seen dur ing the
regrowth o f GaSb and A1Sb (Fig. lb). InAs t e nd s to
form (311)A facets a t t he edges whereas t he face ted
growth o f GaSb a t t he edges is dominated by the
formation o f ( l l l ) A p l ane s . This resul t s in a more
complicated face t formation as can be seen in the SEM
pic ture .

GROWTH OF R E S O N A N T
INTERBAND TUNNEL ING D I O D E S
ON PATTERNED SUBSTRATES

As a f i r s t appl ica t ion for t he MBE regrowth o fI nA s /
A1Sb/GaSb he te ros t ruc tu res on pa t t e rned GaSb wa-
fe r s , RITDs have been fabr ica ted . A schematic draw-
ing o f t he device s t ruc ture is shown in Fig. 3 in
compar i son with a conventional RITD st ruc ture (Fig.
3a). Us ing the face ted growth behav io r a t t he pat tern
edges, t he bo t t omcon t ac t grown on top o f t he mesa is
selectively connected with the top con t ac t grown in
the grooves o f t he s t ruc ture (Fig. 3b). The crucia l

po in t is t o avoid sho r t s be tween the top con t ac t layers
grown on the mesa and the grooves, respectively. This
is achieved by choosing an appropr ia te e t ch dep t h ,
pa t te rn or ien ta t ion and th i ckness o f t he regrown
layer s t r uc tu r e s . Af t e r evapora t ing ohmic contacts b y
the l i f t -off technique,func t iona l devices are ob t a ined .
The I-V character is t ic o f a RITD grown on pa t -

t e rned GaSb is shown in Fig . 4 fo r a d iode with
d imens ions o f 50 x 50 ~m. The regrown layer s t r uc -
ture is shown as an inse t in Fig . 4. Devices with a 6.5
n m th ick GaSb well and 2.5 n m th ick A1Sb barriers
exhibit a peak- to-val ley (P/V) cur ren t ratio o f 13 and
a peak curren t dens i t y o f 600 A/cm2a t room tempera-
tu re . This P /V curren t ratio is comparable with the
va lue o f 15ob ta ined from RITDs with a similar layer
s t ruc ture tha t were grown and processed in a conven-
t iona l m a n n e r11 as shown in Fig . 3a . This indicates
t ha t t he regrowth o f InAs/A1Sb/GaSb he te ros t ruc -
tures on pa t t e rned subs t r a t e s has t he po ten t i a l o f
forming advanced devices with h ighe r complexity.

S UMMARY

In summary, t he growth behav io r o f InAs/A1Sb/
GaSb he te ros t ruc tu res on pa t t e rned GaSb epilayers
has been investigated. The face ted growth a t t he
pat tern edges is determined by the formation o f dis-
t inc t crys ta l lographic planes and depend s on the
ada tom species. As a f i r s t dev ice appl ica t ion o f this
technique, t hegrowth ofRITDs with a P /Vcurren t ratio
o f 13 a t room temperature has been demons t r a t ed .

a b
Fig. 2. Sta in e tchedc ross section of a InAs/AlSb heterostructure grown on pat te rnedGaSb. Br ighterareas show InAs, darker ones indicate GaSb.
The different g row th behav ior of InAs and GaSb at the pattern edges fo r stripe orientations in [011] (a) and [0 i 1] (b) direction is clearly visible.
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Surface 
preparation and 
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Substrate or  
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process for 
patterning

Substrate

Substrate

Methodology of epitaxy on patterned substrate 

GaAs and InP è MOVPE or CBE

Drawbacks for III-Sb by MOVPE

Low growth temperature

High Al content alloys

Lack of high purity Sb precursor 
(high residual doping)
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Motivation for GaSb surface preparation 

GaSb surface de-oxidation

Thermal oxide desorption ~ 550°C

Rough surface  è impact the structuring

High temperature  è Impact the layers already grown

MBE with low temperature in-situ de-oxidation of the native oxide
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Motivation for GaSb surface preparation 

GaSb surface de-oxidation

H assisted cleaning surface è atomic H radicals (H+)

Thermal sources

Electron cyclotron resonance sources

RF sources

Ga2O3 + 4H+ → 2H2O ↑ + Ga2O↑
Sb2Ox + 2xH+ → xH2O ↑ + Sb2↑

RF PLASMA SOURCES

Riber offers the largest range of RF sources on the market. 

RF source models cover the needs from research to 
production machines. Different materials for the discharge 

cavity are available to configure the source for the 

generation of atomic nitrogen, oxygen or hydrogen.  

RF sources are used for a wide range of applications such 

as nitrides (GaInAlN,etc.), diluted nitride (GaInAsN, II-VI 

doping), oxides (ZnO, spintronics, high-K, etc.), diluted 

oxides (doping, mixed nitride / oxide) and in-situ hydrogen 

surface cleaning. 

The Riber RF source uses 13.56 MHz high brightness 
plasma to produce an atomic species beam from a gas. 

An innovative RF cavity/coil coupling is used to obtain 

the highest atomic species production efficiency on 

the market for RF plasma sources. The design allows the 
cavity to be maintained at a high temperature to minimize 
unwanted energy ion extraction. An innovative LC circuit 

makes tuning easier than ever before.

Active atoms are injected into the growth chamber 

through a series of small holes at the end of RF cavity. 

The number of holes can be optimized for particular 

applications. For example a small N atom flux is easily 

achieved for GaAsN growth by adding a low flux 

diaphragm. The resulting flux density permits (for example) 

the growth of GaN at rates in exceeding several µm per 

hour. The RF source atom fluxes are higher than 5 . 1015 

atoms/cm²/s for10 cm working distance.

n  Largest range of models : from research to production
n  High atomic species production
n  Perfect for spintronics and high-k gate for continuous Moore’s law
n  Perfect for MgZnO and related oxides : future electronics
n  Perfect for GaN based LED and Power Amplifiers 
n  Amazing GaN growth rate  achieved with RF-N 50/63 up to 2.5µm/h
n  Optical detector directly attached to inspection viewport 
n  for an excellent control of the growth rate

RF 50/63
Dedicated structures:  

Buried III-Sb DFB laser

Buried all semiconductor plasmonic structure

Frequency conversion 
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Buried DFB laser
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cladding

1st Growth
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Buried DFB laser

n-GaSb substrate

10nm Ga0.65InAs0.1Sb QWs
0.6 µm Al0.25GaAs0.03Sb 
waveguide

GaSb grating

1.5 µm                  
n-Al0.9GaAs0.07Sb 

cladding

660 nm

200 nm

DFB processing

VI.    Réseau enterré 

- 122 - 

c) Préparation de surface 

On a d’abord essayé de supprimer le masque de gravure avec la même recette d’ICP fluorée 
qu’à l’ouverture. Cette option a laissé des résidus de diélectriques ou re-dépôt, dus à la gravure, ne 
permettant pas une croissance cristalline propre lors de la reprise d’épitaxie (figure VI.2.8). Cette 
rugosité des claddings est probablement due à un grand nombre de dislocations. C’est le procédé de 
fabrication utilisé dans la conception du 1er laser fabriqué, émettant à 2,2µm. 

 

Figure VI.2.8 : Image MEB du cladding avec mauvaise croissance cristalline clivée dans la direc-
tion perpendiculaire aux facettes, cladding du premier laser DFB à réseau enterré, émettant à 2,2µm 

Un rinçage de 30s à l’HF, solution concentrée diluée 1:10 dans l’eau, permet d’éliminer le 
masque diélectrique et fait une première désoxydation de la surface. C’est le seul liquide mis en 
contact avec la surface du semiconducteur. On aurait pu s’attendre à ce que la désoxydation HF 
lisse les angles du réseau, ce qui aurait modifié le couplage des composants. Cela n’est pas le cas, 
cette étape laisse le réseau intact (figure VI.2.9). Ce type de préparation de surface permet d’obtenir 
une meilleure qualité du cladding. Il a été utilisé dans les 2 run suivants, pour la fabrication du laser 
à 2,3 µm et à 3 µm (figures VI.2.10 et VI.2.11). 

 

Figure VI.2.9: Image (a) MEB et (b) AFM du réseau avant la reprise d’épitaxie 
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Buried DFB laser

n-GaSb substrate

10nm Ga0.65InAs0.1Sb QWs
0.6 µm Al0.25GaAs0.03Sb 
waveguide

GaSb grating

Sb2 + Tsample @ 450°C

1.5 µm                  
n-Al0.9GaAs0.07Sb 

cladding

In situ surface preparation

Amorphous surface è oxide
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Buried DFB laser

In situ surface preparation

n-GaSb substrate

10nm Ga0.65InAs0.1Sb QWs
0.6 µm Al0.25GaAs0.03Sb 
waveguide

10nm GaSb

Streaky 1x3 reconstruction è Cristalline surface

H*
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[-110]
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n-Al0.9GaAs0.07Sb 
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n-GaSb substrate

10nm Ga0.65InAs0.1Sb QWs
0.6 µm Al0.25GaAs0.03Sb 
waveguide1.5 µm                  

n-Al0.9GaAs0.07Sb 
cladding

Streaky 1x3 reconstruction 
è Cristalline growth

[110]
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cladding

300nm p++- GaSb

TGrowth @ 450°C

Buried DFB laser

Regrowth on patterned surface
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Buried DFB laser

QWs
Al0.25GaAs0.03Sb 

Al0.9GaAs0.07Sb

GaSb grating

Structural and optical characterizations 

Clear observation	of	the	buried grating

No	degradation of	the	crystal	and	optical	 quality
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Buried DFB laser
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All semiconductor plasmonic structure

172 
 

 

Figure 76 : Anomalies de gravures rencontrées lors des différents tests. Les photos a) et b) présentent des 

échantillons réalisés avec le mélange     :     :   . Le phénomène d’érosion est de plus en plus marqué en 

fonction du temps de gravure. Les photos c) et d) correspondent aux échantillons réalisés avec le mélange 

    :    . La transition entre les deux matériaux est plus lisse et mois abrupte dans ce cas. 

Ces derniers échantillons sont réalisés par gravure avec un plasma de     :     (cf. 

Figure 76-c et Figure 76-d), la transition entre les deux matériaux est moins abrupte et le 

profil de gravure est respecté. La gravure se fait beaucoup plus verticalement dans le 

matériau GaSb. Cela peut s’expliquer par le fait que cette gravure a été calibrée pour la 

gravure d’autres matériaux III-V comme le GaAs ou le GaSb en vue de gravures profondes. 

La réalisation de réseaux d’InAsSb à l’aide de la gravure à base de chlore est une 

bonne alternative à la gravure par plasma hydrocarboné. Le paramètre critique reste la 

verticalité du réseau, qui est moins bonne que celle obtenue à l’aide d’un plasma 

hydrocarboné. Une idée pour améliorer cette verticalité serait d’augmenter la proportion 

d’argon dans le mélange. L’ajout de l’argon à la gravure permettrait d’obtenir des flancs 

verticaux mais a contrario une vitesse de gravure plus rapide. Il nous serait alors très difficile 

de contrôler la transition entre l’InAsSb et le substrat de GaSb. D’autre part, retirer l’argon du 

mélange permet de moins dégrader l’interface entre les deux matériaux mis en œuvre, tout 

GaSb

InAsSb

Properties of InAs(Sb):  

Low m*, high µ

High doping ~1020 cm-3

λp ~5.5 µm

InAs(Sb) good candidate for 
plasmonic applications

1st growth + processing

InAsSb array:
100 nm thick 
n ~ 5.1019 e-/cm-3
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H assisted de-oxidation + regrowth:

Tdeox= 420°C + Sb2 + H-plasma

500 nm of GaSb @ TG = 420°C

Coherent growth at the interface

Modification	of	the	surrounded	
dielectric	material

All semiconductor plasmonic structure
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Figure 1.2: Rotation of the zincblende crystal orientation results in the sign flip of
the second-order nonlinear susceptibility.

In Chapter 3, we describe the ways in which a QPM structure can be fabricated.

Each has its own distinct advantages and drawbacks. Some of these methods have

been developed at Stanford University as described in the theses of Loren Eyres [38],

Christopher Ebert [39], Leslie Gordon [40], and Xiaojun Yu [41]. In more recent years,

the e↵orts at Stanford have been focused on the all-epitaxial orientation-patterning

approach.

1.5 Dissertation overview

This thesis follows the general format of describing the development of materials

and fabrication for orientation-patterned III-Vs, then discussing the development

of nonlinear devices as well as another application for GaP-on-Si based material,

which stemmed from the development of OP-GaP. First, Chapter 2 introduces the

basic theory on nonlinear optical frequency conversion and explain the purpose of

quasi-phasematching in III-Vs. Chapter 3 briefly reviews the OP-GaAs growth and

fabrication, improvements made, and the current state-of-the-art. The evolution of

OP-GaAs from fundamental materials growth exploration to operational devices has

provided much insight to how OP-GaP will need to be developed for nonlinear optical

devices and the challenges that must be overcome. Chapters 4 and 5 describe the

growth and fabrication of OP-GaP based on GaP substrates. Much of the material

growth development depended on controlling the growth of GaP on Si to create crys-

tal inversion between the GaP substrate and the epitaxially-grown GaP. Chapter 6

28/05/2018 18

Non linear optics: Why use a semiconductor ?    

Zinc-Blende semiconductor: 

High d(2)

Low optical losses

d(2) increases : 

∆Z�� III-V > II-VI

Eg�� InSb > InAs > GaSb > GaAs

Transparency window in the MIR : GaSb > InAs & InSb

Periodic
antiphase 
domain

Rotation of 90° = 
switch group III and V

BUT zinc-blende
semiconductor are
optically isotropic

Quasi Phase Matching
(QPM)

Optical Parametric Oscillator (OPO)
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2’’ substrate

[001]

2’’substrate  

+ Stop etch

+ 0.1 µm of semiconductor [001]

Molecular adhesion

[001]

[00-1]

Epitaxy

Regrowth + 

waveguide etching

Light propagation 

+ d

- d

[00-1] [001]

Lc

-d-d)

0,1 µm
Photolithography +

Pattern etching

OP-template

[00-1]

Thinning

[001]

“OP-semiconductor”

GaSb epitaxy on OP GaAs �Metamorphic growth with epitaxy on patterned surface

Well established fabrication of
OP GaAs template

Orientation patterned semiconductor surface

S.J.B. Yoo et al. APL Vol.66 (1995)

A. Grisard et al. Opt. Mat. Xpress Vol.8 (2012)
M.B. Oron et al. Proc; of SPIE Vol.6875 (2008)

Bonding and etching

OP-GaAs structures. Sample (a) is 20 µm thick and its 3.6 µm period is suited to second 
harmonic generation of 1.55 µm lasers. Sample (b) is 0.5 mm thick and has a 63 µm period 

and propagation losses as low as 0.016 cm−1. It has been implemented in a mid-IR source 
described in the next section. Sample (c) is discussed below. 

 

Fig. 3. Left: a 2 inches wafer after the HVPE growth. Right: side views of periodic orientation 
patterning after revelation by chemical etching (see text). 

The typical HVPE growth rate stands close to 30 µm/h for GaAs in an atmospheric HVPE 
reactor due to the high decomposition rate of the growth precursors. However, the high 
growth rate results in parasitic nucleation on the reactor walls, which depletes the nutrients, 
changes the effective gas flow rates, and decreases the crystal growth rate. To maintain a 
constant vapor composition, growth interruptions formerly had to be made every few hours in 
earlier experiments for cleaning the reactor. Those interruptions generally appear as bright 
luminescence planes in cathodoluminescence images such as the one shown in Fig. 4 [9]. 

 

Fig. 4. Panchromatic CL image showing growth interruptions (compared to previous figures, 
the template is on top). 

Recent improvements to the HVPE machine (flux control and sample holder) enabled us 
to carry out much longer growth cycles, up to 30 hours without cleaning interruptions. This in 
practice led to an increase in the final OP-GaAs layer thickness from typically 0.5 mm up to 
more than 1 mm and paves the way toward samples with still lower losses. As an example, 
Fig. 3(c) shows a very recent 1.2 mm thick sample with a 146 µm period suited to future mid-
IR generation from a 3 µm pumping laser and obtained with a single growth interruption. 

4. Applications: examples and prospects 

During the last decade, non linear frequency conversion has witnessed an unprecedented leap 
with regard to both versatility and affordability with the emergence of periodically poled 
LiNbO3 (PPLN) and related ferroelectric materials, allowing efficient QPM wavelength 
conversion of various continuous wave or pulsed lasers. However, the mid-IR transmission 
cut-off of such oxide crystals has limited their applicability to wavelengths below about 4.5 
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Figure 8:  Cross sections of OPGaAs planar waveguide structures of period:   a) 60um     b) 21um 

 
 
 
 

5. RIDGE WAVEGUIDE FABRICATION 
 

 Two approaches to ridge waveguide fabrication were tested; isotropic wet etching and reactive ion dry etching.  We 
found that the last process is the more suitable one for our fabrication needs. Prior to the RIE step, SiO2 waveguide 
stripes perpendicular to the grating corrugations were defined on the wafer's surface using standard PECVD deposition 
and lithography. The waveguide mask pattern consisted of repeating groups of stripes of widths 5um to 12um.  Use of a 
double step methane/hydrogen RIE process enabled to gain control of a few hundred angstroms on the ridge etching 
depth for 1.5um ridges. In this double step procedure about 85% of the desired thickness is removed in the first step 
providing feedback for further etching of the 15% residual material. The RIE process also resulted smooth vertical walls 
and surface smoothness identical to that of the starting template surface.  
 
Surface and cross section views of a fabricated ridge waveguide on a 60um OPGaAs wafer are shown in figures 9a, 9b. 
As indicated by the smooth WG lines of fig 9a, the non-isotropic nature of the RIE process enables to produce identical 
wall profiles in the interchanging crystalline domains with seamless transitions at domain boundaries. As mentioned 
above, smooth ridge surfaces are essential for preventing scattering losses induced by abrupt variations in the waveguide 
surface. The vertical ridge walls, planarity of the etched surfaces and repeatability of the RIE process enable to meet the 
design goals within tight tolerances which will be most useful for future optimization rounds.   
 
In order to assess the low limit of waveguide loss enabled by our current layer growth and ridge fabrication technologies, 
we fabricated in parallel to the OPGaAs devices, regular GaAs ridge waveguides. These regular waveguide wafers were 
grown on planar GaAs substrates in the same MOCVD runs and processed in the same batches with the OPGaAs 
devices. We will refer to these waveguides in the following as "reference" waveguides. Characterization of the reference 
waveguides enables to estimate the net contribution of the inverted domain structure to waveguides loss and provides a 
hint for the ultimate performance that can be expected of the OPGaAs device as patterning related losses are minimized.    
 
 

 

a 

WG layers on 60um template        x1000 

b 

WG layers on 21um template        x1000 
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Growth of GaSb on OP GaAs substrate 

GaAs substrate

GaAs : [00-1]

GaAs : [001]

As2 + Tsample @ 530°C
H*

Low temperature plasma de-oxidation
è No degradation of the adhesion
è Surface cleaning
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Growth of GaSb on OP GaAs substrate 

GaAs : [00-1]

GaAs : [001]

GaAs substrate

Streaky 4x4 reconstruction 
è Antiphase domain

[-110]
x4

[110]
x4

GaAs buffer - TGrowth @ 530°C
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Growth of GaSb on OP GaAs substrate 

GaAs : [00-1]

GaAs : [001]

Streaky 3x3 reconstruction
è Conservation of the APD in the GaSb

[-110]
x3

[110]
x3

GaAs substrate

GaSb : [00-1]

GaSb : [001]

GaSb layer - TGrowth @ 480°C
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Growth of GaSb on OP GaAs substrate 

GaAs : [00-1]

GaAs : [001]

Streaky 1 & 5 reconstruction at low tempertaure
on the same orientation
è Conservation of the polarity

[-110]
x3

[110]

GaAs substrate

GaSb : [00-1]

GaSb : [001]
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Growth of GaSb on OP GaAs substrate 
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Interface GaAs/GaSb 
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Non linear optics : GaSb waveguide on OP-GaAs substrate
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Règles de conception : 
 
- monomode @ 2 et 4 µm 
- centre du mode placé à deux fois le waist 
- surface effective la plus grande possible 
(-mode rond ) 
- cœur en GaSb 
- pas d’aluminium en surface 
- structure totale autour de 5 à 6 µm 

Objectifs: 
 
Æ performances : 
- garder la puissance un seul mode guidé 
- limiter l’absorption dans le substrat 
- avoir la surface effective la plus grande possible 
- optimiser le couplage avec un laser fibré 
 
Æ technologiques : 
- robustesse et fiabilité du procédé de fabrication 
- structure totale d’épaisseur limitée 
 

Structure passive obtenue : 

Modélisations 

GaAs [001]substrate

GaAs [00-1] buffer
GaAs [001] buffer

GaSb [00-1] GaSb [001]

AlGaAsSb [00-1]

AlGaAsSb [001]

Reported GaAs [00-1]

Keep the polarity

No defects at the antiphase boundary

S.Roux et al. Opt. Mat . Xpress 7 (8) 2017
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Plasma assisted surface preparation
Conclusion

Development of Sb-based optoelectronic devices with integrated function

Ø Buried DFB

Ø Buried all semiconductor plamsonic structures

Ø OPO (?)

Co planar intergration ? / III-Sb Photonic integrated circuit

….

 288  

saturation that will occur. Later in Chapter 3 we introduced a novel QWI and 

MOCVD regrowth scheme to enable the integration of state of the art high saturation 

power SOAs and uni-traveling carrier (UTC) photodiodes on the same chip as the 

high performance transmitters. The novel high-flexibility integration method uses 

MOCVD regrowth to define low-confinement MQW structures for use in SOA gain 

regions and UTC structures to provide high saturation power photodiodes. Fig. 8.14a 

shows a side-view schematic of a receiver comprised of a dual section SOA with a 

high-gain c-MQW front-end section followed by a high-saturation power o-MQW 

section along with a UTC photodiode and Fig. 8.14b presents a birdseye-view SEM 

image of the device architecture. Chapter 5 detailed the key design aspects of these 

receiver structures and Chapter 7 presented the necessary MOCVD growth 

technology developed for successful device fabrication. In this section we present 

results from the low confinement SOAs and UTC photodiodes achieved during the 

development of the these structures. Although these devices did not integrate the SG-

DBR laser or the EAM, the fabrication sequence was completely compatible with 

that used for the transmitter devices. The full integration would only require 

processing steps to include holographically defined gratings and an intermediate 

intermixing step to realize the EAM band-edge.  

 

 

    
 (a) (b) 

Fig. 8.14. (a)  Side-view schematic of receiver structures comprised of dual section SOAs and UTC 
photodiodes. (b) Birdseye SEM image of SOA/UTC receiver architecture.


