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Presentation Topics

• SENKO - Introduction

• Quantum Grade Connectivity

• Existing (Q)PIC Coupling Methods

• CudoForm Metallic PIC Connector (MPC)

• Summary & Conclusion
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Largest manufacturer exclusively devoted to Optical Interconnect Products 

• Two major divisions: Optical Communications, and Automotive & Industrial
• Headquarters in Japan
• $1 Billion annual revenue
• Privately held with no outside investors

32
Years in

Fibre Optics

SENKO Advanced Components
Optical Communications Division, HQ in USA
European HQ, Basingstoke UK

$300
Million Global

Sales/year

• 1991 - Fibre Optic Division commenced operations
• 1997 - Incorporated in Massachusetts USA  
• Focused solely on fibre optic passive components
• 16 locations globally
• Largest manufacturer exclusively devoted to optical 

interconnect products 

SENKO ADVANCE
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SENKO Optical Communication Division Facts

Senko connectors deployed globally

800+ million pieces

New moulds developed

100+ per year

Global share of optical connector sales volume

Top 2
250+ optical interconnect patents pending

290 patents held

Connectors sold last year

110 million pieces

New products released

15+ per year
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Indoor Connectors

Outdoor Connectors

Product Overview

Other Interconnect Solutions

Inspection & Clean
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On-board fibre interconnects
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Faceplate connector

SN®-MT 16F 
coming soon

MPO
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Space saving Fibre to ChipMid-board

Backplane
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• Ultra low loss connectors already being supplied 
to industry, academics, labs etc

• SENKO’s offering based on existing connectivity 
and IEC standards

• Provides performance comparable with a fusion 
splice.

• Very low attenuation less than 0.1 dB

• Reflectance greater than 80 dB

• High density options

• Suitable for QKD networks

Quantum Grade Connectivity
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QuPC Connector OTDR Trace

Location of 
QuPC

Connector
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• A vast resource is available on 
the SENKO website, with 
white papers, videos, data 
sheets, 3D models and more.

• https://www.senko.com

White Paper – QuPC Connectors

https://www.senko.com/
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Existing PIC Coupling Methods
PIC to Fibre Coupling
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Types of PIC-to-Fibre Coupling
• Diffraction grating-based coupling: Vertical fixed coupler or vertical detachable coupler
• End-fire/Edge coupling: Active edge coupler or passive edge coupler
• Adiabatic coupling & Photonic Wire-bonding

Adiabatic coupler

Vertical fixed 
coupler

Vertical 
detachable 

coupler

Source: Vanguard photonics

Vertical coupling

Active Edge 
coupler

Passive Edge 
coupler

Edge coupling

Photonic Wire-bonding

Source: Tyndall
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Principle of operation
• In general, the diffraction grating is composed of

diffractive elements placed along the waveguide
propagation direction. The efficient fibre-to-chip
coupling can be typically achieved using a combination
of a tapered waveguide region for horizontal mode size
conversion and a grating coupler with a 10 μm width
similar to the MFD of typical single-mode fibre.

Target MFD:
• Circular
• 10 mm

Original MFD:
• Elliptical
• < 2 mm

adiabatically 
tapered waveguide 

Grating 
coupler

Adapted from : Nanophotonics

Diffraction Grating-Based Coupling
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Si substrate

SiO2

Grating Coupler 
on PIC

Singlemode Fibre

Optical Signal

*Not practical for 
commercial products use

Conventional PIC Coupling
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Conventional PIC Coupling: 90o Bent Fibre Array

Si substrate

SiO2

< 5 mm

Grating Coupler 
on PIC

Singlemode Fibre

Optical Signal

Limited to minimum 
bend radius of fibre
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Conventional PIC Coupling: 90o Bent Fibre Array

Si substrate

SiO2

< 5 mm

Si substrate

SiO2

< 5 mm

Lens to refocus 
light on grating

Coupling of optical signal from PIC to fibre Coupling of optical signal from fibre to PIC
(lenses may be required to improve coupling efficiency)
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Conventional PIC Coupling: 90o Bent Fibre Array

Si substrate

SiO2

< 5mm

Si substrate

SiO2

< 5mm

Lens to expand 
beam to ease 

alignment

Coupling of optical signal from PIC to fibre Coupling of optical signal from fibre to PIC
(lenses may be required to improve coupling efficiency)

Pros:
• Well established coupling approach
• Cost effective

Cons:
• Fibre height is still too tall for some application
• May require additional components (lenses)
• Limited to single row of fibres
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Conventional PIC Coupling: 45o Cleaved Fibre Stubs

Si substrate

SiO2

< 3 mm

Grating Coupler on PIC

Singlemode Fibre

Optical Signal

45o cleaved and 
polish fibre stubs

Typical coupling efficiency 
2 to 2.5 dB
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Conventional PIC Coupling: 45o Cleaved Fibre Stubs

Si substrate

SiO2

< 3 mm

Si substrate

SiO2

< 3 mm

Lens to expand 
beam to ease 

alignment

Coupling of optical signal from PIC to fibre Coupling of optical signal from fibre to PIC
(lenses may be required to improve coupling efficiency)

Pros:
• Well established coupling approach
• Cost effective

Cons:
• May require additional components (lenses)
• Limited to single row of fibres
• Limited to lower number of fibres (8F ~ 12F)
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Conventional PIC Coupling: 45o Cleaved Fibre Stubs

Si substrate

SiO2

< 3 mm

Si substrate

SiO2

< 3 mm

Curved polishing to 
refocus beam

Coupling of optical signal from PIC to fibre Coupling of optical signal from fibre to PIC
(special polishing to improve coupling efficiency)

Pros:
• Well established coupling approach
• Cost effective

Cons:
• Limited to single row of fibres
• Limited to lower number of fibres (8F ~ 12F)
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Emerging coupler technology
- Metallic PIC Connector -

Accurate Stamping Technology

For (Quantum Grade) PIC Coupling
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Accuracy at Scale

• Stamping is typically high volume – low accuracy –
high repeatability.

• CudoForm in the ballpark of micro-electro-
mechanical systems for precision and high volume.

CudoForm’s proprietary processes enable:

✓ Unprecedented accuracy

✓ Form microstructures

✓ Product reflective optical surfaces

125 µm groove 250 µm 250 µm 127 µm pitch
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No Additional Processing 
Solderable

Environmentally Rugged 

Thermally Matched

Accurate location of features

Can be passive or active aligned to PIC 
or diffraction gratings

Ideal for 25 Tb/s data center 
applications for coupling to laser diodes 

and photo detectors

Beam shaping

Redirecting beams

Expanding beams

Consistent over temperature range

Advantages of Stamped Metallic Optical Components

Metal 
Properties

Reflective 
Optics

Accurate 
Microstructures

Proprietary & Confidential. © 2022 SENKO Advanced Components
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Stamping arrays and mirrors in one hit

Stamping of 
grooves that will 
hold optical fibres

Stamping curved 
micro mirrors to 
bend and focus light • Accurate stamping tools 

establish alignment between 
mirrors and grooves

• Process corrected for elastic 
deflection during stamping

• Hard tools used with accurate 
micro-scale features and mirror 
finishes
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MPC Custom Design Examples

Freeform optics in micro mirror arrays are suited to almost any optical connection

Design #1: silicon photonics

Coupling & re-imaging 
of the light from the 

optical fibre to a grating 
coupler; or reverse.

Design #2: photodiode arrays

Fibre to photodiode for 
high speed applications. 
Mirror can re-image the 

light to a smaller spot size.

Design #3: expanded-beam

Bend and/or collimate the light, whilst 
expanding the beam. Fibre MFD of 9 
µm with EB to 60 µm. Useful for edge 

or mid-board coupling.



SENKO Copyright  © 2023Your Source for Optical Interconnect Solutions

MPC height < 0.6 mm

fibre

MOB: metallic optical bench

aspherical 
mirror

glass cover plate

0
.6

  m
m

Total height: 0.6 mm to achieve 
the connectivity between fibre 
to grating coupler / 
photodiodes / VCSEL.
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Key Advantages – Metal PIC Connector (MPC) 

• Reflowable
• Beam shaping & correction
• Low Profile (<0.6 mm)
• Highly reflective
• High accuracy (<1 mm)

Si substrate

SiO2

< 0. 5mm

Metallic Optical Bench
(Aluminium)

Stamped 
Ellipsoidal Mirror

Glass CoverIndex Matching 
Epoxy

Coupling of optical signal from PIC to fibre

Stamped 
Ellipsoidal Mirror
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Coupling to and from the (Q)PIC

Si substrate

SiO2

< 0.5mm

Metallic Optical Bench
(Aluminium)

Stamped 
Ellipsoidal Mirror

Glass CoverIndex Matching 
Epoxy

Si substrate

SiO2

< 0.5mm

Metallic Optical Bench
(Aluminium)

Stamped 
Ellipsoidal Mirror

Glass CoverIndex Matching 
Epoxy

Coupling of optical signal from PIC to fibre Coupling of optical signal from fibre to PIC
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The insertion loss is approximately 0.8 dB for the mirror, improvements in the future for 96-97% reflectivity.

Assessment of surface finish on stamped mirrors 

 

CudoForm Inc. 

802 Calle Plano 

Camarillo, CA  93012 

+1-805-617-0818 

www.cudoform.com 

info@cudoform.com 

Confidential & Proprietary Information of CudoForm Inc. 

© 2020 CudoForm Inc.  All rights reserved. 
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 Ch1 Ch2 Ch3 Ch4 
 

    
Average roughness (Sa) 2.7 nm 2.7 nm 2.7 nm 2.9 nm 

RMS roughness (Sq) 3.4 nm 3.7 nm 3.5 nm 3.9 nm 
     

 Ch5 Ch6 Ch7 Ch8 
 

    
Average roughness (Sa) 2.8 nm 2.9 nm 2.8 nm 2.8 nm 

RMS roughness (Sq) 3.5 nm 4.3 nm 3.7 nm 3.7 nm 

 
Typical surface finish for stamped mirrors in an 8X1 array, measured 

with a scanning white light interferometer

Statistical distribution of surface roughness attributes
Sa:  Areal arithmetic average
Sq:  Areal root mean square (RMS)

Sa Sq

So….we can stamp a mirror, how smooth can we get it?

Spot-plot of 768 mirrors,
Sa 2-4 nm and Sq 3-4 nm
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We can design the array and mirrors in 
CAD and modelling, but how do the 
physical parts deviate from the design?

We used a scanning white light 
interferometer (SWLI), took the 
metrology data and compared it to the 
design shape. 

We can then calculate the deviation…….

0.3
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1.2
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2.4

3.0
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-3.0

µm

30

Form error for individual stamped mirrors and mirror array
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Form error for individual stamped mirrors and mirror array

(a) Example of individual mirror 
form error defined as deviations 
from reference geometry in CAD 
model.

(b) Form error in apertures of a 
mirror array, defined as deviations 
from reference geometry.

(c) Box-plot of RMS of deviations 
for a batch of 768 individual 
mirrors stamped into metallic 
optical benches.

(d) Box-plot of RMS of deviations 
for a batch of 90 mirror arrays 
stamped in metallic optical 
benches.

Form error median for individual mirror less than 65 nm, for the mirror array less than 200 nm

RMS of single mirror point 

cloud deviation

n = 768 mirrors

RMS of mirror array point 

cloud deviation

n = 90 MOBs (mirror arrays)

0.3

-0.3

1.2

1.8

2.4

3.0

-1.2

-1.8

-2.4

-3.0

µm

(a)

(c)

(b)

(d)
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Test Results – MPC to Fibre Array 

Laser source 
(1310nm)

Optical Switch

1
…
…
8

FA

8° fibre 
array

MPC

6-axis 
hexapod

Fixture

Index matching gel

MPO Detector

Coupling Test Setup:

Channel Coupling loss (dB)

CH1 0.65

CH2 0.14

CH3 0.38

CH4 0.48

CH5 0.16

CH6 0.40

CH7 0.28

CH8 0.42

Metallic Optical Bench
(Aluminium)

Stamped 
Ellipsoidal Mirror

Glass Cover

Index Matching 
Epoxy

Singlemode
Fibre

MPC

Average 0.36 dB
(92% coupling efficiency)
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Future Development: Expanded Beam MPC to MPC

Metallic Optical Bench
(Aluminium)

Expanded & 
Collimated Beam

Glass Cover
Index Matching 

Epoxy

Metallic Optical Bench
(Aluminium)

Key advantages:
- Reflowable
- Low Profile (<0.6 mm)
- Higher alignment tolerance
- Detachable
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Test Results – MPC to MPC
Experiment Setup:
1. Light Source: 1310 nm 

wavelength
2. Optical Detector: 

Standard Ge 
photodiode power 
sensor, 700 – 1800 nm 
range. 

Test MPC

Launch MPC

Optical Power 
Detector

Launch side MPC on 
a manual 3-axis stage

Test MPC on 
a 6-axis 
Hexapod

Light Source
1310nm laser

Switch

Point#2
Point#1

Channel
2 MPC coupling loss (dB)

optimised for each channel

CH1 1.23

CH2 1.51

CH3 1.45

CH4 1.37

CH5 1.23

CH6 1.54

CH7 1.63

CH8 1.34

Average 1.41 dB
(72% coupling efficiency)
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Future Development: Improving Losses Further

Area of Improvement
Expected Loss 

improvement (dB)

Aluminum reflectance
- Addition of gold layer

>0.1

Glass-Air interface (2 surfaces)
-Index matching gel + AR coating

>0.2

MPC

Potential for fibre-to-(Q)PIC coupling to achieve 96-97% 
coupling efficiency.
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Summary & Conclusion

• Low loss PIC-to-fibre coupling has been demonstrated with the use of 
metallic PIC connectors (MPCs). With the added advantage of:
– Reflowable being metallic

– Beam shaping by changing the shape of the mirrors

– Low profile (<0.6 mm)

– Highly reflective, low loss

– High accuracy (<1 mm)

– Improved coefficient of thermal expansion (CTE)

– Stamping and forming process extremely scalable for very high volume

• Currently working on to further improvement of:
– Optical performance of the MPC

– Expanded Beam version of the MPC
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OFC 2023 – SENKO & CudoForm
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