
The Massachusetts LEAP network: Building

a template for a hands-on advanced

manufacturing hub in integrated photonics

Samuel Felipe Serna-Otálvaro
Bridgewater State University

Massachusetts Institute of Technology

CHIRP research group

1



Bridgewater State University

 Founded in 1840

 Bridgewater State University was founded by Horace Mann,
the father of American education, driven by his belief in
education as the great equalizer for all citizens. Today,
Bridgewater State University has over 10,000 current
students and over 70,000 alumni in all 50 states.

 Located in Bridgewater, Massachusetts:

 39 buildings on 278 acres

 10th largest four-year college or university in 
Massachusetts (out of 77)

 11 residence halls and 1 student apartment on campus. 
(Housing available for undergraduate, graduate and 
continuing studies students.)

 We have our own T stop
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Some numbers at BSU
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https://www.bridgew.edu/sites/bridgew/files/media/pdf_document/2019-

2020_Factbook_BSU.pdf 

BSU is also named one of the top Fulbright-producing institutions -

https://www.bridgew.edu/sites/bridgew/files/media/pdf_document/2019-2020_Factbook_BSU.pdf
https://www.bridgew.edu/sites/bridgew/files/media/pdf_document/2019-2020_Factbook_BSU.pdf
https://www.bridgew.edu/sites/bridgew/files/media/pdf_document/2019-2020_Factbook_BSU.pdf
https://www.bridgew.edu/news-events/news/bsu-recognized-fulbright-recipients
https://www.bridgew.edu/news-events/news/bsu-recognized-fulbright-recipients
https://www.bridgew.edu/news-events/news/bsu-recognized-fulbright-recipients


The Bartlett College of Science and Mathematics

 https://www.youtube.com/watch?v=iWNpYlmcTpA 

4

https://www.youtube.com/watch?v=iWNpYlmcTpA
https://www.youtube.com/watch?v=iWNpYlmcTpA


Outline
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Optics, photonics, light…?
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Data around the 

world
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More than 90% of the world’s data was

created in the last two years alone.

All good, we have a

world-wide

connected society.

But…



How does the future looks 

“light”?
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Some Applications of Photonics
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Four major areas of interest:

• telecom/datacom

• RF analog applications

• chemical sensors

• LIDAR imaging

Application areas include

• Data Centers: high speed optical communication directly on chip surface 

• Advanced Equipment like Drones: precision using integrated photonic circuits

• Food Safety and Medical Sensors: pathogen detection and biological sensing

• Autonomous Vehicles: navigation driven by photonics-based LIDAR

• Think also about robotics, curved displays, augmented reality, communications…

Datacom RF Sensing LIDAR



Photonic Integrated Circuits (PICs)
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Nanophotonics
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Guided modes depend on waveguide dimensions

Evanescent Field

Electric and magnetic fields 
extend beyond the waveguide!



 https://s3.amazonaws.com/virtual-lab-silicon-waveguide/index.html

 https://s3.amazonaws.com/virtual-lab-radial-bend/index.html

 https://s3.amazonaws.com/virtual-lab-directional-coupler/index.html

12

Virtual Labs Tools

https://s3.amazonaws.com/virtual-lab-silicon-waveguide/index.html
https://s3.amazonaws.com/virtual-lab-silicon-waveguide/index.html
https://s3.amazonaws.com/virtual-lab-silicon-waveguide/index.html
https://s3.amazonaws.com/virtual-lab-silicon-waveguide/index.html
https://s3.amazonaws.com/virtual-lab-silicon-waveguide/index.html
https://s3.amazonaws.com/virtual-lab-silicon-waveguide/index.html
https://s3.amazonaws.com/virtual-lab-silicon-waveguide/index.html
https://s3.amazonaws.com/virtual-lab-silicon-waveguide/index.html
https://s3.amazonaws.com/virtual-lab-radial-bend/index.html
https://s3.amazonaws.com/virtual-lab-radial-bend/index.html
https://s3.amazonaws.com/virtual-lab-radial-bend/index.html
https://s3.amazonaws.com/virtual-lab-radial-bend/index.html
https://s3.amazonaws.com/virtual-lab-radial-bend/index.html
https://s3.amazonaws.com/virtual-lab-radial-bend/index.html
https://s3.amazonaws.com/virtual-lab-radial-bend/index.html
https://s3.amazonaws.com/virtual-lab-radial-bend/index.html
https://s3.amazonaws.com/virtual-lab-directional-coupler/index.html
https://s3.amazonaws.com/virtual-lab-directional-coupler/index.html
https://s3.amazonaws.com/virtual-lab-directional-coupler/index.html
https://s3.amazonaws.com/virtual-lab-directional-coupler/index.html
https://s3.amazonaws.com/virtual-lab-directional-coupler/index.html
https://s3.amazonaws.com/virtual-lab-directional-coupler/index.html
https://s3.amazonaws.com/virtual-lab-directional-coupler/index.html
https://s3.amazonaws.com/virtual-lab-directional-coupler/index.html
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Where are the LEAP's ?
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Lt. Governor Karyn Polito visiting BSU 

Deveney laser lab after announcing 

$1.4 million grant MassTech award

LEAP @ BSU joins:

LEAP @ MIT

LEAP @ WPI/QCC

LEAP @ Stonehill

LEAP@STCC



Integrated Photonics Bootcamp

BSU – MIT 2022
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Organizers
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Some pictures from the bootcamp
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Our project

Repairable Technology Demonstrator

Life Cycle Analysis

Educate using 
Green Innovation 

Tool Kit

Technology

Ecology

Workforce

https://mrl.mit.edu/article/team_creates_high-performance_microchip_technologies

https://mrl.mit.edu/article/team_creates_high-performance_microchip_technologies
https://mrl.mit.edu/article/team_creates_high-performance_microchip_technologies
https://mrl.mit.edu/article/team_creates_high-performance_microchip_technologies
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What is Photonics and Optical Engineering?

 Photonics: Light, not electrons, on semiconductor integrated 
chips. Less power consumption and higher bandwidth.

 Engineers: The design and development of devices using laser light in 
sensors, LIDAR, telecommunications, processor chips, and other applications.

 A fast-growing sector of

New England's light-based economies.

 State’s only Photonics and Optical

Engineering Program degree

program started officially in Sept 2021!
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BSU’s growing list of partners, supporters, 
connections and collaborators:

Industry Federal and State National Lab and Academics



Outline
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Set-up for dispersion, ultrafast and 

nonlinear characterization at 1550 nm

Angelo – 21’

Now Field Engineer at Kratos

Chromacity laser, picosecond

~5 ps @100 MHz

OPA Pump 1040 nm

From 1.4 um up to 4 um

Dr. Serna’s Group @ BSU

Nonlinear and Ultrafast Photonics



Dr. Serna’s Group @ BSU

Nonlinear and Ultrafast Photonics

Comsol

Use of an inspection IR camera Xenics adapted
with the MapleLeaf Photonics system

Optical characterization of on-chip 

ring resonators

Brahmin and Jon – 21'



Dr. Serna’s Group @ BSU

Publications



Dr. Serna’s Group @ BSU



Problem Statement

Optical coupler requirements: low loss, broadband, high-density & 

good alignment tolerance
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The packaging bottleneck

Si Chip

• Fiber Connector(s)

• Assembly

• Testing

• …

Electronics

Photonics

> 80%

Si waveguide

SMF-28 Fiber

Modal fields of a Si waveguide (left) and 

optical fiber (right)

10x

FormFactor Inc.

Rocket PCB Inc.

30
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Coupling to a PIC: The Present

X Limited Bandwidth density

X Wafer-level testing incompatible

X Low alignment tolerance

X High Insertion Loss (~ 3dB)

X Low Bandwidth ( ~ 30 nm)

X Polarization dependent 

Edge coupling Grating coupling

IEEE Access, vol. 8, pp. 188284-188298, 2020 IEEE Access, vol. 8, pp. 188284-188298, 2020

Each method has heavy downsides
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Coupling to a PIC: A promising direction

20 µm

Photonic Wire
Lensed 3D coupler

Tapered vertical coupler

J. Lightwave Technol.  33, 755-760 (2015).
APL Photonics 4, 010801 (2019)

Opt. Lett.  45, 1236-1239 (2020).Opt. Lett.  46, 4324-4327 (2021).

Multi-channel coupler Lensed reflective plane

Opt. Lett.  44, 5089-5092 (2019).

Edge coupling beam-shapers

Nat. Phot.  12, 241-247 (2018).

Proposed designs already caught up to the state-of-the-art
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Micro-reflector for chip-to-fiber 

coupling

Reflector

Optical fiber

Light Out

Tapered 

Waveguide

X

Y

Z

Reflected beam

Fiber mode

Free-form reflector offering compact beam 

reshaping and redirectioning

33
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Proposed fabrication route

Waveguide fabrication Trench etch

Two photon polymerization (TPP)Fiber attachment

Fiber

Fabrication Steps

Simple and foundry-compatible 

back-end fabrication

34



Two Photon Polymerization
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Proposed Solution

Chip 1

Chip 2

waveguide 1

waveguide 2

free-form 

coupler 1

free-form 

coupler 2

free-form 

coupler 1

free-form 

coupler 2

waveguide 1 waveguide 2

Waveguide or fiber array

free-form 

coupler 1

free-form 

coupler 2

waveguide 1 waveguide 2

Chip 1 Chip 2

Waveguide in layer 1

Waveguide in layer 2

free-form 

coupler

Waveguide free-form 

coupler

waveguide

free-form 

coupler

Elliptical reflector Parabolic reflector

F1 F2

Couples focused light from 

one point to another 

Transforms focused light 

into a collimated beam

36



Waveguide

Wavefront interference Mode overlap vs. XY scan

Fiber
X

Y

(a)

(b) (c)

Freeform Design rule

Steps
I. Propagate Fiber

II. Propagate waveguide + 

backprop. fiber

III. Find loci of maximum 

intensity

IV. Use EM field values on 

reflector surface to find 

modal overlaps

37



Fiber-to-chip couplers SiN: Broadband, low loss
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entire telecom band for SiN

Waveguide

Fiber
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Chip-to-fiber coupling: Simulation results
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Experimental performance: Nitride taper
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❖ 0.6dB Coupling loss (comparable to 

simulation)

❖ Minor wavelength dependance

❖ Good Agreement with simulations
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Yu, S., Ranno, L., et al. (2023). Free‐Form Micro‐Optics Enabling 

Ultra‐Broadband Low‐Loss Off‐Chip Coupling. Laser & Photonics Reviews, 

2200025.



Fiber-to-chip couplers: Experimental Verification
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Opto-electronic co-packaging of SiN

Journal of Lightwave Technology, 38, 3346-3357.

(e)

2-D fiber 

arrays

(a) (d)

(f)

Light coupled in

(c)
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Compatibility with solder reflow → Potential uses in opto-electronic co-integration

Possible opto-electronic co-integration strategies
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(a) (b)

1450 1500 1550 1600 1650

-80

-60

-40

In
te

n
s
it
y
 (

d
B

m
)

Wavelength (nm)

 Freeform

 Grating

1550 1560 1570 1580 1590

Wavelength (nm)

 Freeform

 Grating

Wavelength (nm)

Chip-to-fiber coupling: Applications 

Broadband laser pulse Narrow top-hat

Self-phase

modulation

Grating envelope

Minimal losses and high bandwidth make the couplers ideal for non-linear applications.

43

Yu, S., Ranno, L., et al. (2023). Free‐Form Micro‐Optics Enabling 

Ultra‐Broadband Low‐Loss Off‐Chip Coupling. Laser & Photonics Reviews, 

2200025.

100 MHz, 80 fs

Menlo Systems

>8 kW coupled peak 

power

Pulse shaping

~2 ps pulse duration
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Ideal chip-to-chip coupling interface

• Broadband and efficient chip-to-chip or chip-to-interposer coupling

• Self-aligned thanks to the solder surface tension forces

Solder bumps

44
❖ ~85% Coupling efficiency
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Chip-to-fiber coupling: Universal platform

Si waveguide Photonic Crystal Fiber

Universal solution applicable to devices with complex mode geometries
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▪ The coupler achieves a low coupling loss of 0.8 dB for the fundamental TE 
mode, along with 1 dB bandwidth exceeding 180 nm.

▪ Broadband and polarization-agnostic.

▪ Perfectly vertical fiber coupling implies compatibility with standard alignment 
tools used in electronic packaging.

The case of silicon waveguides

Ranno, L., Sia, J. X. B., Popescu, C., Weninger, D., Serna, S., Yu, S., ... & Hu, J. 

(2024). Highly efficient fiber to Si waveguide free-form coupler for foundry-scale silicon 

photonics. Photonics Research, 12(5), 1055-1066. Editor’s pick
46
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▪ The TPP reflector on silicon was compared with an optimized grating coupler

▪ Also with an annealing test at 250 °C

Performance tests

Ranno, L., Sia, J. X. B., Popescu, C., Weninger, D., Serna, S., Yu, S., ... & Hu, J. 

(2024). Highly efficient fiber to Si waveguide free-form coupler for foundry-scale silicon 

photonics. Photonics Research, 12(5), 1055-1066. Editor’s pick
47



Vertical Optical Interconnect Comparison

Evanescent VOI offers scaling of alignment and pitch for > 1 Pbps

Coupler Type Coupling Loss 
(dB)

1dB Bandwidth 
(nm)

1dB Alignment 
Tolerance (μm)

Size (μm)

Grating 6.0 (TE) < 10 1.25  (lateral) //

Evanescent 2  (TE) > 300 2 (lateral) > 1000 long
6 wide

Photonic Wire 
Bond

0.4-1.3 (TE) > 50 nm // //

Free-form 0.22 (TE)*
0.25 (TM)*

> 350 1.3  (lateral)
35  (vertical)

10 long
30 wide 

Evanescent < 1 (TE/TM) ~ 60 4 (lateral)
3 (vertical)

1500 long
12 wide

Evanescent 0.2* 180 > 5(lateral)
0.5 (vertical)

1.5 deg (twist)

200 long
15.3 wide

Evanescent 0.18 (TE)* > 300 ~3 (lateral/vertical)
> 250 (longitudinal)

2.5 (twist)
0.5 (tilt)

500 long
1 wide

KIT: Optica 5(7), 876–883 (2018).

MIT-PMAT: J. Lightwave Technol. 38, 3358-3365 (2020)

IBM: IEEE J. Sel. Top. Quantum Electron. 24(4), 1–11 (2018).

MIT-QPL: arXiv:2110.12851 (2021).

MIT-EMAT: Optics Express, Vol. 31, No. 2, pp 2819, (2023)

CEA-LETI: IEEE ECTC, pp. 557–562. (2017)

Corning: vol. 39, no. 4, pp. 912-919, 15 Feb.15, (2021)

48



Conclusion

 We experimentally demonstrated a coupling loss of 0.5 dB and 0.8 dB for SiN

and Si, representing the lowest loss figure reported for surface-normal

couplers at 1550 nm wavelength.

 Low loss, broad-band operation, high bandwidth density, as well as wafer-

scale testing and solder reflow compatibility qualify our approach as a

promising optical interfacing solution.

 No sign of optical damage for optical pulses up to 8 kW peak power.

 Nonlinear frequency generation and quantum photonics applications.
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CHIRP 
Research 

Group

Strategies 
for EO 

packaging

MidIR
Photo-

detector

Hybrid NL 
optimization

Ultrafast/ 
temporal 

wg
response

Sustainability 
and road 
mapping

Education

3D 
integration
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Optics Express, Vol. 31, 
No. 2, 2023
Advanced Eng. Materials, 
Vol. 27 (4), 2025

Journal of Lightwave Technology, 
vol. 39, no. 22, 2021

Journal of Optics, vol. 23, no 2, 2021

Optics letters, vol. 42, 

no 16, 2017

MIT Virtual Manufacturing Lab

(a) DRIE limitations, (b) advantages of Mac-Imprint
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