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Abstract—Silicon photonics is of great interest as it openthe
way to large bandwidth and high data rates. A pioner Silicon
photonics scheme consists in integrating Ill-V lags on the SOI
substrates containing the passive components. Howay key
developments are necessary to co-integrate 1ll-V dé&es with
CMOS very large scale integration (VLSI). In this mper we
propose a CMOS-compatible integration scheme of ceexcts (.e.
semiconductor metallization and plug) on IlI-V surfaces taking
into account the limitations fixed by the operatinglaser device.
Based on metallurgical, morphological, optical andelectrical
studies, processes are submitted and reviewed fdre purpose of
forming stable and reproducible contacts with low esistivity in a
200 millimeters fab line.

Keywords—Silicon Photonics, Heterogeneously intega I1I-
V laser on Silicon, Contact integration

. INTRODUCTION

Allowing data rates beyond what electronic compdénsan
offer Silicon Photonics have been identified as pramising
paradigm. However, while silicon is of huge intérés the
making of passive components, its indirect band gawents
it from being an efficient light emitter. As a cemence, the
making of the photons’ source requires the useiérdnt
materials. An innovative solution consists in inmegmg Ill-V
lasers on SOI (Silicon on Insulator) substratesctvtsupport
the passive components such as the waveguide IJFifi],
[2]. To produce such a pioneer device, one of thetraritical
developments relates to the integration of theamistthat are
key to electrically pump the 1lI-V laser. Indeed, ¢urrent
Photonics devices the IlI-V laser is external aodpted to the
passive components thanks to an optical fiber. dérgacts
present on these external lasers are compriset &fdPor Au
multilayers and based on a lift-off integration,[3#], [5].
Such a scheme is not conform to the “on-SOl-intiegkdéaser”
standards. In order to fulfl the Silicon
requirements, the innovative contaci®.(metallization and
pIug) on n-InP and p-InGaAs must:

Photonics

- be feasible at low thermal budget (T < 450 °C) idep
not to degrade the active region of the laser caagpmf
multi quantum wells (MQW);

- present a contact resistivity lower than®1Q.cn?. A
higher contact resistivity would cause a local imgathat
may give rise to a wavelength shift of the produced
photons.
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Fig. 1. Schematic representation of a IlI-V Lasgegrated on an SOI
substrate which supports the passive photonics onergs in the frame of
Silicon Photonics

In this paper, we review and evaluate the various
technological solutions for integrating contactattmeet the
previously listed requisites.

Il.  CONTACTS INTEGRATION SCHEME

To identify the most relevant processes and to ldevihem,

morphological and electrical test vehicles suchrassmission
line model structures (TLM) and cross bridge kelk@sistors
(CBKR) were integrated either on n-InP or on p-IAGa
surfaces (Fig. 2).
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Fig. 2: Schematic representation of a cross bridién resistor (CBKR)
used for the acquisition of I(V) characteristicsdafor specific contact
resistivity extraction

be integrated thanks to 200 millimeters front-endTwo inches IlI-V substrates were reported on 20Dimmeters
compatible processes which exclude any lift-off orsilicon substrates enabling the processing of théems in an

related processes;

industrial 200 millimeters fab line. The processiflrelated to

- be comprised of front-end compatible materials pnlythe proposed and reviewed integration is scheniigtisaown

such as Ni, Ti and their alloys;

in Fig. 3.
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Fig. 3: CMOS compatible process flow for the intggm of the contacts
on a lll-V epitaxy in the framework of Silicon Plootics

Ill.  DETAILED DESCRIPTION OF THE PROCESS FLOW

A. Transfert of the l11-V stack on the silicon substrate

The 11I-V wafers are transferred on oxidized siticovafers
thanks to a direct bonding process and the llI-\friea
substrate is etched up to the active layées,n-InP or p-
InGaAs as displayed in Fig. 4.

RS

b)
11-V substrate (&prits bonding to a 200
millimeters oxidized silicon substrate and (b) aftee etching of the IlI-V
carrier substrate

a)

B. Ecthing of the lll-V stack via a SN hard mask

The etching of the 1lI-V stack requires the useadsiN hard
mask which deposition temperature and intrinsiesstrmust
be kept as low as possiblee( T < 300 °C ands < 100 MPa)
in order not to deteriorate the IlI-V surfaces ohiah the
contacts will be integrated. The inductively couplglasma
process (ICP) used for this IlI-V etching providagh etch
rates and leaves smooth and vertical sidewalls. @igNote
that when reporting full two-inch substrates a gseaface of
the expensive llI-V stack is lost during the etghim order to
minimize the material loss, a solution consistsbinding
millimeter-scale dies on the SOI substrate thankdedicated
holders before the etching step.

Fig. 5: FIB/SEM image of a IlI-V stack after itsydetching via a SiN
hard mask. Note that the TEOS and W were used&FIB etching only.

C. Diéectric encapsulation

In order to electrically isolate the contacts regiothe whole
structure is encapsulated by a dielectric compotihd.choice
of the dielectric nature is crucial because ofvitsnity from

the laser’s active region in the device. A low #eittance of
this material at the laser wavelength would causeanted
optical losses; a low thermal conductivity) (vouldn’t enable
a proper evacuation of the heat produced by theatipg

laser.
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Fig. 6: Thermal conductivity and optical transmitte at 1.3-1.5 pm of
SiN, SiG and AbOs

As indicated in Fig. 6, ADs; appears to be the best
compromise for the laser encapsulation. Becausethef
present topography, a flattening of the surfacetrbesmade
thanks to a chemical-mechanical planarization (CMH)e
planarization of the ADsbeing challenging, the deposition of
stacks combining Si§) Al;Os; and SiN was retained as the
most adapted solution for the dielectric encapmnat

D. Contact metallization

1) Cavities opening and I11-V surface preparation

The opening of the cavities in the dielectric stackne of the
most sensitive step in this integration flow asmitist not
deteriorate the n-InP or p-InGaAs surface where dhmic
contacts will be formed. For this purpose, studies being
conducted to determine the most appropriate SiMiregc
process. The llI-V surface being very reactive wieeposed
to oxygen, a two-step surface preparation is cargat to
suppress contaminants and oxides. The first stepisis in a
wet surface preparation; the second in a plasnaéntient.

(i) We developed a scheme combining diluted HCI Anar

He plasma treatments to remove oxides on InGaAkowit
inducing any morphological damage on these surf@lef/].

(i) We demonstrated that the preparation of InFases is
more delicate as concentrated HCI increases signitfy its
roughness by anisotropically etching it (Fig. 7).eVdlso
highlighted that an Ar preclean removes efficienktlg oxides
present on such surfaces but modifies their chysitgl and
stoichiometry [6], [8]. On the contrary, diluted$0, and HCI
solutions combined with a He preclean seems to beoee
adapted compromise for the preparation of InP sagfgFig.

7) [6].

Fig. 7: AFM cans of a InP suracea) bore aa \;vet surface
preparation in (b) HCL:EO (1:2) (c) HCL:HO (1:11) (d) HSQOy:H,0O (1:9);
The Root Mean Square roughness is (a) < 0.2 nrh.fbjim (c) < 0.2 nm (d)
<0.2nm



2) CMOS-compatible contact metallisation

Two strategies can be followed for the formation thé
CMOS-compatible metallization: (i) One can choose
deposit directly the metallization of interest dnetlll-V
surface. The stabilization of the phase(s) is adudoy mean
of an annealing process. (ii) One can also chooskeposit a
metal and to perform a thermal treatment for theppse of
forming an intermetallic compound by solid statecatéon
with the 1lI-V. Metallurgical studies were condudten the
Ni/InGaAs system and showed the formation of a waiq
hexagonal phase [9]. A similar study on the Ni/lsystem
underlined the appearance of various phased (NP and
Ni2IlnP) based on different applied thermal treatmants the
formation of the In phase from 350 °C (Fig. 8) [8].
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Fig. 8: XRD patterns of Ni/InP samples annealed®2%® °C, 300°C,
340°C, 350 °C, 450 °C and 550 °C for 60 secondsP(RA 2° offset on the
incident beam was applied in order to minimizeltife substrate contribution

The two contacts ig., on n-InP and p-InGaAs) being
sequentially integrated in the laser device, thérmadget
constraints have to be respected during the ma&inthe
second-stage contacts. The thermal stability oNhnGaAs
intermetallic was studied and exhibits strong retstms (Fig.
9).
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Fig. 9: Evolution of the sheet resistance in a M®HaAs system after
various thermal treatments and corresponding TEMES
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E. , F. Metallization encapsulation and Plug integration

Subsequently to the dielectric stack depositionjities are
opened and a surface preparation of the metabizats
carried out. A diffusion barrier layer usually coosed of
CVD-TIiN (Chemical Vapor Deposition) is deposited the
walls of the cavities. An alternative consists epdsiting a
CVD-F-less W which is of great interest for its aleal
properties at low thicknesses (Fig. 10). This lattié opens
the way for lowering the plug resistivity which eéssential to
minimize the overall resistance.
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Fig. 10: Resistivity of CVD-TiN and CVD F-less W asfunction of the
films thicknesses

Regardless the choice of the diffusion barrier cositon, the
cavities are then filled with W. A final CMP endéet
integration of the CMOS-compatible contacts as espnted
in Fig. 3, step F.

IV. CONCLUSION

The integration of IlI-V lasers on SOI substratppears to
be a promising but challenging architecture forowative
Silicon Photonics devices. In this paper the maadblocks
towards contact integration requiring developmemtsl key
studies were clearly highlighted. Thanks to metglkal,
morphological, optical and electrical studies weravable to
propose and develop schemes and processes ophaingy
to a CMOS-compatible contact integration on lll4faces.
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