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Motivation
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A Main driver: interconnect for Al engines
A Different options

NVIDIA and Coherent Announce Strategic
Partnership to Develop Optics Technology
to Scale Next-Generation Data Center
Architecture

NVIDIA to Invest $2 Billion in Coherent to Expand Supply, Deepen R&D
and Advance US-Based Manufacturing

A Off-chip, separate from the core optical intercon
A Option 1: highpower, stand alone
A Option 2: multiwavelength laser modules with add
A On-chip
A Probably challenging when densily integrated with

(temperature)

NVIDIA Announces Strategic Partnership With
Lumentum to Develop State-of-the-Art Optics
Technology

March 2, 2026

® Download

NVIDIA to Invest $2 Billion in Lumentum to Grow Capacity, Advance US-Based
Manufacturing and Deepen R&D Collaboration in Data Center Optics

A Relevant for other types of applications (e.g. cheap optical sensors)

Related CLEO talks:

STU2G.1. [Invited Talk] Perspectives on Heterogeneous Laser Integration in Silicon Photonics Roel Baets
AM4B 1. [Invited Talk] Scaling Lasers to Support High Bandwidth Silicon Photonics Jessie Rosenberg
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Integration
Silicon Photonics has no native laser source, so we need heterogeneous integration

A Many integration approaches based on layer transfer are being explored

A Flipchip, wafefbonding, digo-wa f er bondi ng, microtransf e
A Allow for transfer of pristine layers, different materials (= different wavelengths), versatile

A Hetero-epitaxy is an alternative but challenging
A Lattice mismatch, mismatch thermal expansion coefficient, mismatchgalarity

A Every material needs separate development
A So why ?
A Ultimate scalability
A Designer no longer has to worry about integration approach
A Think Ge detector vs. HY detector
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Approaches for HetereEpitaxy

Planar growth vs. localised growth
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Approaches for HetereEpitaxy

Planar growth vs. localised growth

e.g. work UCSB, UCL, Shangai University

A A buffer layer grown on the silicon substrate accomodates for the mismatch in materic

lIl. 2 um dry etched Si IV. 130-nm-thick SiO,
recess layer on the sidewall.
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I 1.45umSio, 1I. Rectangular Oxide
: deposited on 300 mm pockets etched down
| Si wafer by TEOS to the Si surface . SiN core
|
: . Si substrate
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p-GaAs contact (300 nm)
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Shang, Cet al.Electrically pumped quantudot lasers grown.on 306nm patterned Si photonic wafemsight Sci Appl, 299 (2022)htips://doi.org/10.1038/s4137022:009827
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Approaches for HetereEpitaxy

Planar growth vdocalised growth Growing in a confined space suppresses defect

IBM - Template Assisted Growth HKUST - Lateral MOCVD
@ 1. 8 inch SOI wafer 2. Si with oxide encapsulation 3. Si with oxide openings ®) EEEE
I .  c—

4. Pocket with Si undercut 5. -V lateral growth 6. Top oxide and Si removal
3 Coupler 7. Hard mask deposition 8. Oxide mask etch 9. lll-V cavity definition
20pm | - S - i
b straight device €
M si | Thermaloxide [ InP Il InGaAs/InP QWs [ PECVD oxide

-V | Siwaveguide
x| =

FlBcut -1 *

2 pm 2pum

Wen, P., Tiwari, P., Mauthe, &.al. Waveguide coupled ¥ photodiodes
monolithically integrated on Silat Commu3, 909 (2022).
h :/[doi.org/10.1 4146722-28502

Y.Xue J.Lj Y.WangK.Xu, Z.Xing K.S.WongH. K.TsangK. M.Lay In-Plane
1.5um Distributed Feedback Lasers Selectively Grown on (001) SOI. Laser

Photonics Rev2024, 18, 2300549ps://doi.org/10.1002/Ipor.202300549
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Our Approach
Aspect Ratio Trapping (ART) combined with NaRadge Engineering (NRE)

Si Si0, = GaAs [InGaAs [JinGaP

STiprocess

yDI ! & vz Q&
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AspectRatio-Trapping (ART)

Si Si0, | GaAs [lInGaAs [llinGaP SiQ opening
trench

= L =
|_|

Passivation layer

QWs
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B. Kunert e.aAppl. Phys. L& August 2016; 109 (9):
091101 https://doi.org/10.1063/1.4961936

Aspedct ratio trapping (ART)
A HighAR SiQ trenches enable
(a) TD“ (b) TDL (C) PD” (d) PDL

[1-10] (ool) si

Longitudinal TEM
pictures
TD < 3x10Pcm?

(limited by measurement)
I 5i0, PD < 0.140.45m-1

. m 100nm trench 200nm trench

dislocations



https://doi.org/10.1063/1.4961936

Nano-ridge engineering (NRE)

Control growth rate on different crystal planes to obtain wadifined naneridge profile
Higher growth rate facets disappear, whereas facets wither growth rates define the naneidge profile

{111}e, J (0o1)

{110} , . \ /

{111}

{l [ I}Ga
{110}
{111}
— B. Kunert e.a. llI/\VV nano ridge structures for optical applications on patternedhB808ilicon

“umec Fp’ﬁ“s'“” substrate Appl. Phys. L&f August 2016; 109 (9): 09110ttps:/doi.org/10.1063/1.4961936
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aracterisation of InGaAs QWs



Photoluminescence Characteriation (PL)
InGaP capping layer is essential

HAADF-STEM | 713 rrrrrrrery
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TEmode (29) is strongly confined and has

low substrate leakage

. Yuting Shi e.a., "Optical pumped InGaAs/GaAs walge laser epitaxially grown on a standard
‘umec I 300mm Si wafer,” Opticd, 14681473 (2017 https://doi.org/10.1364/OPTICA.4.001468
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Optically Pumped Lasing (Etched Grating)

Succesful single mode lasing was demonstrated

@.———  (b).. Y
—17mW 10f ' I i
[ 100 mW ﬂ 1 b T
—215 MW 3sp
06" - ‘:l‘-
b=
“5 1r23-
s @ o2
= - =1
§ 04f 1 5 ‘
S— O 0 i i i
i e 0‘15 0 50 100 150 200 250
= Light in (mW)
0z} J 3
0.01
| X453 . § P, ~37 mW
s J \ : B ~ 0.008
1 1 L i 1 A L i | 2 PR S Wy | 2 a2 2yl
960 980 1000 1020 1040 1060 00! 1 10 100
Wavelength (nm) Light in (mW)
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DFBlaser with Metal Grating
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Grating with 40% duty cycle, | X AY:
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Amorphous Silicon Grating
Grating deposited on sides of namidlge alllows for strong feedback

InGaP W GaAs MInGaAs M aSi B GaPAs  SiO, BSi substrate

(a)
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Challenge: Electrical Contact Strongly Affects Optical Mode
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Metal Contacts Expected to Result in High Loss
Nevertheless: low threshold lasing observed !
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Metal Contacts Expected to Result in High Loss
But: Mode beating suppresses loss in metal contacts
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Simulation of transmitted power (FDTD)
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Analytical Model Confirms FDTD Simulatis
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Analytical model: threshold gain prediction
Different modes result in different beating length and different lasing wavelenth

(a) — e _TEMO02, A=3.6 um —» TEMO3, A = 5.4 um| (b) —+—TEMO02, A= 3.6 yum —  TEMO3, A = 5.4 um
700 e TEMO1, A = 4.8 um | —e—TEMO01, A = 4.8 ym
T Die 1| ~ 8007
55007 NN H600F
400 - 500

1496 1497 1498 1499 1500 1501 1502 1503 1496 1497 1498 1499 1500 1501 1502 1503
Device Length (pm) Device Length (pm)

Exact cavity length impacts laser threshold
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Laser Layout
Integrated photodiode allows waferlevel characterisation

De Koninck, Y.et al.GaAs naneridge laser diodes fully fabricated in a 3@éh CMOS
— pilot line.Nature637, 63369 (2025) https://doi.org/10.1038/s4158W4-083642
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Waferscale Characterisation of Narieidge Laser
Low threshold and single mode lasing

a b c b ”
80 =
F —_— 3 mA
Device length L = 1 mm Device length L = 1.5 mm Device length L =2 mm _ — 5mA
70} Lasercount = 87 1 | Lasercount=105 1 | Lasercount=113 11.75 30k % _40 5 —— 6 mA
:: el
S 10 _60 = — 7 mA
2 z — 8mA
60+ 1t 1 | 11.50 9] -80 o — 9mA
s “40F 4003 1,024 — 10 mA
Wavelength (nm) —
< 50t 195 E 12 mA
< = _ 15 mA
S g nEJ -50 18 mA
5 3]
g 40 | 1.00 & !i— 20 mA
3 ‘5’ @
2 2 5
3 E £ 60f
£ 30 075 ¢
o]
=70
20+ 0.50
10} 0.25 80
0 ~ " " 1 — | 1 ~ 0 -90 1| ||| 1 1
0 5 10 15 200 5 10 15 20 0 5 10 15 20 1,000 1,010 1,020 1,030 1,040
Laser current (mA) Laser current (mA) Laser current (mA) Wavelength (hm)
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Degradation Mechanisms in Naikbdge

Sparce Contact Plugs Result in Limited Lifetime
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NR2.0: Etched fin separates optical mode from contact plugs

Etching of the fin and metallization Plug separatlon 300 nm
HAADRBTEM Dry + wet etching

InGaP

GaAs

Trapped threading
/ dislocations

Trench§

200 nm 500 nm s
Cross section = =—— Cut along T

IAADISTEM A InGaP (001) < 10 nm
A Full InGaP passivation of the active region

—
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UNVERSITEIT HAADFSTEM: Higangle annular dafield scanning transmission electron microscopy, EDS: energy-thspepsieteoscopy



: : Developed by Peter Swekis
NR?2.0: device processing

Epitaxial growth

Top view SEM

, HAADFSTEM
‘ InGaP
GaAs
N
: } InGaAs
filling QWs
Sio,
1000 nm |\l — '
=l

Uniform nano -ridges with all layers successfully developed
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tmec UNVERSITEIT HAADFSTEM: Highngle annular dafileld scanning transmission electron micy@&ebbycanning electron microscopy




Wafer-scale laser characterizatianPreliminary results
Readout of the inline naneridge photodiodes

Key results
A Higher threshold current than NR1.0 (13 mA vs 5 mA)
A 4x max slope efficiency

A Up to 14x in output power (assuming comparable photodiode
responsivity)

A Lasing operation at higher temperature than NR{Z8 AC vs 55/C)
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Laser spectrum analysddPreliminary results

Detection at a cleaved laser facet

Key results ~20]
A Higher threshold current than NR1.0 (13 mAvs 5 mA) |

A 4x max slope efficiency

A Up to 14x in output power (assuming comparable
photodiode responsivity)

A Lasing operation at higher temperature than NR1.0
(75 AC vs 55AC)

A Multimode emission centred around 1050 nm
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Waferscale reliability testd Preliminary results
P-contactbreakdown failure mode solved

A x10 lifetime improvement afyy = 5 KA/cn?
A Gradual degradation in the output power likely linked to an impurity diffusion process
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New Directions



Nano-Ridge Surface Emitting Lasers
Cam we exploit 1D periodic arrays of nafrmlges to realize more complex devices ?

L]

Fahmy, E.M.B., e.d.ight Sci Apfl5, 120 (2026).

. m https://doi.org/10.1038/s41377025-02061-z
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Nano-Ridge Surface Emitting Lasers
Cam we exploit 1D periodic arrays of nafrmlges to realize more complex devices ?
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Fahmy, E.M.B., e.d.ight Sci Appl5, 120 (2026).
https://doi.org/10.1038/s4137702502061-z

Nano-Ridge Surface Emitting Lasers
Matching the device parameters to gain bandwidth (~1050nm)
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Nano-Ridge Surface Emitting Lasers
Far and neaffield images
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Nano-Ridge Surface Emitting Lasers
Clear single mode lasing observed under optical pumping (7 ns pulses)
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Nano-Ridge Surface Emitting Lasers
Room for further improvement: Effect of bottom mirror
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INAS Q Ds on 300m m Wafers Dimensional control allows for coupling factds)(above 85%
Nano-Ridge for Quantum Dot Site Control
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InAs QDs on 300mm Wafers

Structural analysis
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