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» New CCS MOVPE system at Ill-V Lab

“  Epitaxy tool
“" In-situ characterization tools

» Silicon Photonics applications
“11I-V integration on silicon
“  Regrowth onto InP bonded seeds

“  Fabrication process for InPoSi seed

» Regrowth of AlGalnAs-based MQW onto InPoSi seed

® In-situ characterizations (reflectance, curvature)

®  Ex-situ characterizations (AFM, TEM, XRD, PL)

» Conclusion
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» MOVPE system for R&D and small scale production

® Close Coupled Showerhead (CCS) under H2 or N2

“ Configuration :6x2”, 3x3”, 1x4” (and 1x6”) on InP or GaAs

50035 12.3. AlInGaAs(Q,) MQW
structure : wafer structure on 3"
InP wafer (3x3" configuration)

3x3”

V50039 InGaAs-InP ,,photodiode- ¢
like" structure on A" InP wafer

1x4”"
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P RECTEnt d ion of a 6x2" CCS reactor

» MOVPE system for R&D and small scale production
® Close Coupled Showerhead (CCS) under H2 or N2

“ Configuration :6x2”, 3x3”, 1x4” (and 1x6”) on InP or GaAs

" Elements available :

“ 1l elements : TMIN, TMGa, TMAI,

@V elements : ASH,, PH,, R
. He
® Dopants : DEZN, CBr,, Si,H, H,S, cpFe, DIPTe, 3 y e

28 58.693 |29 53546

-
Ni Cu
NICKEL CUIVRE
46 106.42 |47 107.87 | 48 11241 2

Pd | Ag | Cd

PALLADIUM | ARGENT CADMIUM
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Heating system
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- asiwith Epicurve TT from Laytec

Wafer true surface temperature measurement (Pyrometer 950 nm)
Reflectometry (at 950, 650 and 405 nm)
Curvature : related to total strain

LAYT=C

Knowledge is key

)4
]
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» New CCS MOVPE system at IlI-V Lab
“  Epitaxy tool

® In-situ characterization tools
. . . )
» Silicon Photonics applications
“ 1lI-V integration on silicon
“ Regrowth onto InP bonded seeds
“  Fabrication process for InPoSi seed
\ /

» Regrowth of AlGalnAs-based MQW onto InPoSi seed

® In-situ characterizations (reflectance, curvature)

®  Ex-situ characterizations (AFM, TEM, XRD, PL)

» Conclusion
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: Motivation
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- Silicon photonics: [lI-V integration on Silicon
+ Emitting properties + Production volume
+ Active functions + Passive functions
+ Process Maturity + Electronic properties
- Costs + Costs

- Emitting properties

- 2 approach families :
Hetero-epitaxy Wafer-bonding

1I-V direct-growth l1I-V reverse stack

Crystal quality issues Bonding process and regrowth issu es
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| Motivation
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[11-V stack

No further
regrowth

Wafer-bonding: regrowth after bonding
Goal: extend all the IlI-V mature know-how into the silicon photonics platform

InP <4 2. 11-V regrowth l1-V regrowth THPleap

- raw

InP buffer
InP bonding

~»1. bonding

InP bonding

. sioe | | Si02 |

MQW: MultiQuantum Wells
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= of /1I-V Lab know-how

InP classical platform

Dielectric

Multi-step growth i
processes on InP wafers :
-l

1
SAG

Selective Area Growth
InP substrate

InP:p 2
= SIBH
MQW Sen;i-lnsulated Buried
eterostructure

InP substrate

Examples of typical mature regrowth
steps available at Ill-V Lab : ‘

Laser Modulator

Y In Butt-joint

InP substrate

1 N. Dupuis et al., IEEE Photonics Technol. Lett., 2008.
C. Jany et al., ECOC 2007
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o the silicon platform

Into the silicon platform ?

Dielectric

MQW
InP bonding SAG

Regrowth onto a bonded

SEEd: C“tlcal Step SiO2 Selective Area Growth
. Si substrate
InP:p
SIBH
InP — Semi-Insulated Buried
InP bndlng MQW EIQW Heterostructure
SiO2 InP bonding

Si substrate

—

InP bonding
SiO2

Si02

Si substrate

Si substrate |

Laser Modulator
Ny InP Butt-joint
Si02/Si: simulation of the SOI InP bonding
MQW: relevant test structure SiO2
Si substrate
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1) MOVPE growth on 2) Direct-bonding with 3) Etching of the InP
an InP substrate a thermally-oxidized Si substrate and the InGaAs
substrate sacrificial layer

< L vdrophilic InP substrate o

< bgndir? InGaAs stop-etch <

9 InP bonding 50 nm g InP bndlng -g 9 = g

O) InGaAs stop-etch Si02 200 nm SiO2 ! o) I
InP substrate Si substrate Si substrate @ Si substrate

Photograph

Cleaved into small samples for
regrowth tests
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» New CCS MOVPE system at IlI-V Lab

“  Epitaxy tool

" In-situ characterization tools

» Silicon Photonics applications
“11I-V integration on silicon
“  Regrowth onto InP bonded seeds

“  Fabrication process for InPoSi seed

-

-
» Regrowth of AlGalnAs-based MQW onto InPoSi seed

® In-situ characterizations (reflectance, curvature)
“  Ex-situ characterizations (AFM, TEM, XRD, PL)

» Conclusion
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1-v lab Fabrication process

ﬁ

4) Regrowth of InP based AlGalnAs MQW

InPoSi: Reference:
I ~2” sample 2" wafer
g InP cap o InP cap
o =
= MQW o MQW 50nm
S:J InP buffer (3 InP buffer

InP bonding
SiO2

InP substrate

Si substrate

In-situ characterizations:

Reflectance A
= =C
Curvature i
Ex-situ characterizations:
Atomic force Microscope Holes for in-situ
STEM / TEM measurements
X-ray diffraction
Photoluminescence Aixtron CCS reactor

6x2"”, 3x3” and 1x4” capacity
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1n-v |lab In-situ Characterizations
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o
al
o

Reflectance signals: _ T I |7 Reference
-> 405nm: surface quality € ousl Lo i1 |nPoSi
1 1 1
> 950nm: growth rate (GR) 5 A
S 046 U
< O |
— 1 1 1 1
- ererence. Q 0441 P P 1 No degradation of the signal:
1 1 . . .
= AhRican I b . high-quality material
o) MQW O 042+ o P
(3 InP buffer ‘% SOV i " : :
S o0} AL
InP substrate oy b
— 0,7} E ! ! i _
E o6l Pl P
g ' E | ' ! Large index contrast in
1 1 . . .
c INPoSi: 051 b : InPoSi: high amplitude
1 1 R .
= InP cap = 04r i o oscillation
o MQW § 03k . _E,, :
68:’ Iigpbt;ﬂ?r:g 8 ool i i i GRiInP_InPosi = GRInP_Reference
Si02 o il &1 Lol o =2.1pm/h
Si substrate % ! ! Bi c% 58: % g _
) A | )| z 0,0_ E %i 2. E%EI 8@] .
1 1
i Growth_ !
1 1
1
1 1
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1n-v |lab In-situ characterizations

P Curva

Reference:
g e ' ' ' ' Tensile
o MOW ~ gl No strain during growth Refergnce ] t
G} InP buffer \—I| ; : ; . InPoSi \ 4
7\
InP substrate _\Ec i ‘
~_10 ! Compressive
% i
1 .
— 1 T - .
c INPoSi: C>U . i In-situ measurement:
= InP cap } A i e - 1 . -1
3 . o | el N Az =2.4km
g InP buffer 3 b
(nd InP bonding @-20F ! g !
Si02 > ! 3 |
Si substrate = P
U [ |
_25 1 1 i
Growth T
° . . g -1
Tgrowtn = 650°C Theorical CTE strain = 670ppm <= |A R 2.7 km
ainp = 4,56ppm/K Ston
e
asi = 2,62ppm/K Y law

CTE strain = (T growth — Thoonding ) X ( ®InP - asi)
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1-v lab Ex-'situ characterization

InPOS:i:
InP cap

MQW
InP buffer

RMS 0.2 nm

Regrowth

InP bonding
. sio2 |

AFM: RMS inposi = RMSReference
TEM:No trace of dislocations,
High-crystal quality

Well-defined interfaces
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Growth

Regrowth

Reference:
InP cap
MQW
InP buffer

InP substrate

InPoSI:
InP cap

MQW

InP buffer
InP bonding

SiO2

Si substrate

Intensity (a.u.)

Normalized Intensity

Ex-situ characterization

raction -
106 T T T T T T T T T T T
XRD MQW grown on:
10° Reference
InPoSi
10* . .
I Sharp and intense satellite
10° , ‘ ” "‘ peaks: high crystal quality
10° M{
101 W
100 l R 1 R 1 R 1 1 1 R |
30,0 305 31,0 315 320 325 330
__ Omega(’)
L MQW grown on:
1’0_ PL ° gReference | InPoSi PL peak 7 times more intense
0,8} InPoSi | than that of the reference.
i -> High index contrast in InP/SIiO  2/Si
0,6 -FWHM 70nm 1 ->increasing the excitation and
I > «— .
04l | collection of the photons
0.2 FFWHM 70nm FWHMinPosi = FWHMReference
0,0
1300 1400 1500 1600 1700
Wavelength (nm)
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. InP . |nP

Substrate : . Substrate : InPoSi
£ InPoSi
c F T T T T T T T T T T ] 680 - I T T T T T T T T T T ]
2 063 | Reflectance - ol Curvature |
% r ] InP cladding o
% 0,42 ] M 2 um % 600 i i
s | s k -
g 0,21} UV - L 560} -
% 0 _ MQW £ - 2 ool
X 500k ] InP buffer o £ 520 [Reference &, 7

' InP bonding (7)) g - ) =
—~ 1 @) = 480 -InPoSi o4 .
§0,472 :1 MQW - % w10 ._ Eo,z— 1
& InP InP cladding ] - T T A
&9/0'413 B 400 Wavelength (nm)
8 2 um B | | 1 | | |g | L L
€0,354 |- ™ - r e 20 L ]
(U 1
] I RMS 0.7nm 15 L . ) _
EO,ZQS Yo ‘ . 3 10k Compress:ve strain :
: e S Ll 600 PPM
'=0,456 o
g E
10 g
2 0,437 _ 8
8
% 0,418
g I
20,399 20 | ]
D [ AR R SRR SR R T R R PR S SR B
@x 2000 3000 4000 5000 6000 7000 8000 2000 3000 4000 5000 6000 7000 8000
Time Time
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» New CCS MOVPE system at IlI-V Lab
“  Epiaxy tool
® In-situ characterization tools

» Silicon Photonics applications
“11I-V integration on silicon
“  Regrowth onto InP bonded seeds
“  Fabrication process for InPoSi seed

» Regrowth of AlGalnAs-based MQW onto InPoSi seed
® In-situ characterizations (reflectance, curvature)
®  Ex-situ characterizations (AFM, TEM, XRD, PL)

[ » Conclusion ]
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. | —- Conclusion

Photograph

-The fabrication process for a 4” InPoSi (InP-SIO  2/Si)
template has been presented

-The regrowth of high-quality AlGalnAs-based MQW has
been demonstrated on an InPoSi template compared a
reference on an InP substrate

In-situ measurements

‘ InPoSi
Reference |

o
]

o
o

o o
G|
T T

-> In-situ measurements have been carried out on a
bonded template showing high-quality  material
(reflectance) and a good correlation with the theorical
thermal strain induced in an InPoSi template (curvature)

o ¢
)

o
i

Reflectance (950 nm)
o

0,0

-> EX-situ measurements also account for the high-
guality of the regrown material
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