Extended Abstracts of the 2015 International Conference on Solid State Devices and Materials, Sapporo, 2015, pp1132-1133

N-5-3

First demonstration of 300 mm InGaAs-On-Insulator sibstrates fabricated
using the Smart Cut technology

J. WidieZ? S. Solliet? T. Baror®, M. Martin“3, G. Gaudifi, F. Mazen? F. Madeira? S. Faviet? A. Salaun?
S. Arnaud?® S. David® E. Beché&? H. Grampeix? C. Veytizod, D. Delpraf, T. Signamarchei¥

1 Univ. Grenoble Alpes, F-38000 Grenoble, France,
2CEA, LETI, MINATEC CampusF-38054 Grenoble, France, E-mailie.widiez@cea.fr
3 CNRS-LTM, F-38000 Grenoble, France
4 SOITEC, 38190 Bernin, France

Abstract BT | InGas 39 nm

This paper reports the first demonstration of 300 rm i

Inos45a0 47AS-0N-insulator substrates. The use of the Smart - Buffer 2

cut™ technology leads to the transfer of high quality J 154nm

InGaAs layer on large Si wafer size (300 mm) at low

effective cost, considering the reclaim of the IIM on Si

donor substrate. The optimization of the three keyeatures

of this technology is detailed: 1. The IlI-V epitaial growth

on 300 mm Si wafer 2. The hydrogen-induced thermal —ilifoferl
nm

splitting in the epitaxial InP layer 3. The specift direct
wafer bonding with alumina oxide.

1. Introduction
Ing s§G& 47/AS material is a promisingandidate to replace 100 nm

Si in n-channel MOSFETSs due to its high electrorbitity. In Fig. 1: TEM image of the complete I1I-V epitaxiahek and

addition, FinFETs or Ultra-Thin Body & Box (UTBB) ng-TEM on InGaAs chann

transistor architectures with high electrostatidegmity are — a4 i I

required for the successful introduction of sudiMImaterials '

Si 300 mm Si subs.

// - - = N

with lower permittivity than Si [1]. InGaAs-Ol sulrates / S \ |
using direct wafer bonding (DWB) followed by sulasér - . A L.
etching, with InGaAs directly grown on bulk InP,vieabeen \\ . - e I
already demonstrated [2-4]. This expensive profeiss to the . // I
loss of the InP wafer) is limited to 4” wafer sizémaximum NG T

Fig. 2: 5x5 umz AFM scan of Fig. 3: InGaAs thickness map-

InP wafers diameter). Recently, the same techn been . ;

extended to InGaAs ?ayer grovsln on Si wafer [5-6;?:;;; the  he 54 nm-thick 19s5e 4As. p",l%gé,‘i“éi_s; Hr]ne :-3003 1rr1/r2n\]/v afer.
wafer size issue but maintaining a significant cGste paper 3 |nGaAs-Ol substrate fabrication

has reported the use of the Smart"Cietchnology but on a 4” The fabrication process of the InGaAs-Ol substratas-
InP substrate [8]. ported in Fig. 4. A 20 nm-thick AD, layer was deposited on

In this paper, we have successfully fabricated 8@®  tne 300 mm I11-V epitaxial donor by Atomic Layer pasition
InGaAs-Ol substrates using the Smart Cu™ technoleliy  (ALD) at 300°C using Tri-Methyl-Aluminum (TMA) an#,O
1-V layers epitaxially grown on 300 mm Si waféle have a5 precursors. To avoid the creation of unstathhe’ ibxides,
optimized the 11I-V epitaxial growth on 300 mm Safers, the  the starting AJO; deposition conditions were modified by
hydrogen (H) implantation inside the InP buffer layer and the injecting first TMA pulse after native 1l-V oxideemoval.

specific wafer bonding scheme with alumina oxidesta Next, the AJOs is capped with a SiQlayer (Fig.4a), and an-
2. 300 mm IlI-V epitaxial growth nealed at 600°C under,Klow to ensure degassing. The' H
InGaAs-based I1I-V layers were grown directly or03@m implantation is located inside the 154 nm-thick lbBffer

on-axis Si(100) substrate by Metal Organic Chemicapor layer. DWB is realized on a thermally oxidized Sbstrate
Deposition (MOCVD). First of all, native oxide ismoved in  Using a Si@/SiO, bonding after a polishing and cleaning sur-
an in-situ preparation chamber using ;8H; plasma. A  face preparation (Fig.4c). The splitting is perfedrby ther-
510 nm GaAs buffer layer is grown on the Si surfdet nm ~ Mal annealing at 350°C (Fig.4d). 300 mm post spijtt

InP buffer layer is then grown for subsequent gtoaitlattice ~ !!I-V-Ol are obtained without any bonding defectsig(5).
matched 1gsfGaqAs layer (from 20 to 54 nm). The crys- TEM image (Fig. 6) confirms the good_ (_:rystalllnqu the _
talline defects are localized in the GaAs layerlevhi crystal- ~ transferred InGaAs layer. The remaining InP layer i

line defects are observed in the thin InGaAs lagsishown on ~ Wet-etched in hydrochloric solution to expose tm&dAs
TEM image in Fig.1. AFM characterization of thefi-thick ~ channel. X-ray diffraction analysis (Fig. 7) reveblgh quality
InGaAs surface reveals a RMS roughness value af dns of the transferred layer It is found that the RMidth at Half
(Fig.2). This value is low considering the largétite mis-  Maximum (FWHM) of the corresponding rocking curve
match between Si and InGaAs (about 8 %) and our tttal around (004) InGaAs reflection is 1370 arcsec. TVadue
buffer thickness (= 665 nm). Good thickness uniftynis ~ corresponds to a low threading dislocation den§ityD) of
obtained all across the 300 mm wafer (Fig. 3). about 3.18cm® according to Ayer's model [9].
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Donor wafer

Fig. 4 Fabrication process flow of the InGaAs-Of&va using
the Smart Cut technology.
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Fig. 5: Picture of the InGaAs-Ol after layer trarsf
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Fig. 7: HR-XRDw-20 scan of
the final InGaAs-Ol layer.
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Fig. 6: TEM of the InGaAs-Ol
after layer transfer.

4. Fracture in the InP buffer layer

As far as we know, this is the first demonstratadrfrac-
ture in an epitaxial InP layer. For bulk InP, imptiation
temperature was identified to play an importante rfil0]:
some groups reported that the temperature of IfBrvdarring
implantation should be kept below 0°C [11-12], awtfiers
claimed that heating the wafers during implantatien
mandatory [12-13].

X136K " '231nn

Fig. 8: a) Optical microscope images of the InFexgr after H
implantation and 300°C annealing b) correspondiBlyl$mage

We performed Himplantations in the InP epitaxial buffer

layer at different  temperature using 300 mm
Al,O4/InNP/GaAs/Si wafers. In our case, we were ablebtain
fracture using “standard” temperature control dgrin
implantation, i.e the wafers were maintained cléseoom
temperature (RT) thanks to a backside gas coolamgbined
with water circulation in the chuck. Optical miccope
observations showed that we are able to obtairebdisand
local exfoliated areas after a 300°C annealing 8ap It
corresponds to micro-cracks localized in the InjPeda as

observed in cross-section SEM images (Fig.8b). @hmesults
indicate the layer transfer capability, which hagef
confirmed during the InGaAs-Ol fabrication.

5. Bonding condition optimization

The bonding interface quality of different bonding
configurations (AIOs//AI,0;,  AlLO4//Si, Al,O.//SIO, and
Al,O4/SIO,/ISIO,) were studied as a function of post bonding
annealing. Silicon substrates were used for thiglystand
Scanning Acoustic Microscopy (SAM) images of theules
are presented in Fig.9. A were pre-annealed at 600°C ia N
ambient and then cleaned in megasonic de-ionizeervize-
fore bonding. SiQwere prepared by polishing and hydrophilic
cleaning. At RT, no defects were observed aftedbanfor all
stacks thanks to these efficient cleaning proce¢Bes9).
Increasing the post bonding annealing temperatm; the
Al,O4/SiG,/ISIO, bonding presents a good interface quality
until 600°C. This configuration avoids the diffusioof
bonding interface water at the ,8/Si interfaces, which are

known to be weak and easily defectives [14-15].
400°C

Si
Si0,50nm
Si0, 100nm
Al,0,15nm

Si

Fig. 9: SAM images of the bonding interface qualdy different
bonding configurations vs post bonding annealing

6. Conclusions

We demonstrated the successful fabrication of 300Im
GaAs-0lI substrates from direct growth of InGaAsSirsubs-
trate and using the Smart Cutechnology. Key process ele-
ments have been detailed and this work can sereegasund
for future 300 mm InGaAs-Ol substrate developments.
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