
1

PROGRAMMABLE

PHOTONIC INTEGRATED CIRCUITS

Wim Bogaerts

NB Photonics – 11 October 2019



2

WIM BOGAERTS

1998 – Ghent University - M.Sc. Engineering - Applied Physics

2004 – Ghent University, imec - Ph.D. EE. Engineering (Photonics)

“Nanophotonic Waveguides and Photonic Crystals in SOI”

2004 – 2010 – Ghent University, imec - Postdoc

2010 – Lecturer

2011 – Senior lecturer (tenure)

2013 – Black belt in LEAN

2014 – Spin-off company Luceda Photonics

2016 – ERC consolidator grant PhotonicSWARM

2018 – Travelling Lecturer for the OSA

2019 – Invited Professor at EPFL (Q-LAB)



3

PROGRAMMABLE PHOTONICS: WHAT IS IN A NAME?

Programmable Photonics
We manipulate lightfunctionality in software on a small scaleWe manipulate



4

PROGRAMMABLE PHOTONICS: WHAT IS IN A NAME?

Programmable Photonics
We manipulate light in software on a small scale

Why? Because light contains information
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MANIPULATING BEAMS OF LIGHT

Beams of light contain information

• Total power

• Intensity profile

• Phase profile

• Wavelength

• Polarization
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𝐸 𝑥, 𝑦, 𝑧0 ≅ඵ𝑗𝐸 𝑥′, 𝑦′, 0 .
𝑒−𝑗𝑘 𝑟1−𝑟𝑜

𝜆𝑧
𝑑𝑥′𝑑𝑦′

(Fresnel diffraction)

yes, as the beam propagates

MANIPULATING BEAMS OF LIGHT

Beams of light contain information

• Total power

• Intensity profile

• Phase profile

• Wavelength

• Polarization

Can we process this information?

y

z

x

𝐸 𝑥, 𝑦, 𝑧 = 0

𝐻(𝑥, 𝑦, 𝑧 = 0)
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MANIPULATING BEAMS OF LIGHT

Using optical elements

• Lenses

• Mirrors

• Polarizers

• Shutters

• Spatial filters

• Wavelength filters

• Phase plates

• Spatial light modulators

y

z

x

f

A lens performs a Fourier transform

𝐸 𝑥, 𝑦, 𝑧0 = ℱ[𝐸 𝑥′, 𝑦′, 0 ]

f
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MANIPULATING BEAMS OF LIGHT IN FREE SPACE

Still quite coarse

Using optical elements

• Lenses

• Mirrors

• Polarizers

• Shutters

• Spatial filters

• Wavelength filters

• Phase plates
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MANIPULATING BEAMS OF LIGHT

Active, granular manipulation

• Spatial light modulators

• amplitude

• phase

• polarization

• Micromirror arrays

• Grating light valves

• Deformable mirrors

Can be controlled in Software
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DISCRETIZED LINEAR OPERATIONS

Discretized linear operation

Matrix is unitary if

• no reflection

• no loss

T-Matrix
1

2

n 𝑇𝑛1n

1

2

𝑜𝑢𝑡𝑝 = 𝑇𝑝𝑞 . 𝑖𝑛𝑞
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DISCRETIZED LINEAR OPERATIONS (RECK 1994)

Processing with 

• tunable phase shifters

• tunable beam splitters

Reck et al. Phys. Rev. Lett. 1994
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UNIVERSAL LINEAR OPTICS (MILLER 2013)

Processing with 

• tunable phase shifters

• tunable beam splitters

+ monitor detectors

+ control algorithms
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CONTRUCTING AN ARBITRARY T-MATRIX

Singular Value Decomposition: A general 𝑚× 𝑛 matrix  

can be decomposed into:

- A unitary 𝑚 ×𝑚 matrix

- A diagonal 𝑚 × 𝑛 matrix

- A unitary 𝑛 × 𝑛 matrix

(this is not the only way

to construct this matrix)
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MANIPULATING BEAMS OF LIGHT IN FREE SPACE

Does not scale very well

Using optical elements

• Lenses

• Mirrors

• Polarizers

• Shutters

• Spatial filters

• Wavelength filters

• Phase plates

• Spatial light modulators



21

BRINGING BEAMS OF LIGHT TO THE CHIP

Complexity

Overall Performance

Reliability

Ergonomy

goes up

Power consumption

Ecological Footprint

Cost

goes down
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PHOTONIC INTEGRATED CIRCUITS: WHAT’S IN A NAME?

Photonic Integrated Circuit

Probably something to 
do with light…

Combining stuff together 
into something coherent

signals travel around from 
one element to another
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PHOTONIC INTEGRATED CIRCUITS (PIC)

Integration of (many) optical functions on a chip

Source: EECS Berkeley
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WHAT IS SILICON PHOTONICS?

The implementation of high density photonic integrated circuits by 

means of CMOS process technology in a CMOS fab

Complex functionality, compact chip, low cost, high volumes
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WHY SILICON PHOTONICS?

Scale
Large scale manufacturing

Submicron-scale waveguides
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MORE THAN JUST PHOTONS

Silicon photonics goes beyond the optical chip

100s optical IOs

1000s electronic
driver circuits

10s RF signals

1000s electrical IOs

10000s optical elements
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SILICON PHOTONIC CIRCUITS TODAY

Khanna et al. 2016

Rapidly growing integration

• O(1000) components on a chip

• photonics + electronic drivers

• different applications

(still mostly communication)

• Relatively small chip volumes

(compared to electronics)

All photonic circuits are ASICs

number of components/chip
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TODAY’S PHOTONIC CHIP: DESIGNED FOR ONE PURPOSE

Example: A 100Gbps transceiver

PSM4: works with 4 parallel fibers

4 MZI 
modulators

laser in

4 fibers out

4 fibers in

Tx

Rx

detectors

What if you want to change/upgrade the link? 



29

laser in

balanced 
detectors

IQ
modulator

90-degree
hybrid

Tx

Rx

fiber out

fiber in

TODAY’S PHOTONIC CHIP: DESIGNED FOR ONE PURPOSE

Example: A 100Gbps transceiver

PSM4: works with 4 parallel fibers

QAM16: coherent 

What if you want to change/upgrade the link? 
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4 lasers in

4 MZI 
modulators

wavelength
mux

wavelength
demux

detectors

fiber out

fiber in

Tx

Rx

TODAY’S PHOTONIC CHIP: DESIGNED FOR ONE PURPOSE

Example: A 100Gbps transceiver

PSM4: works with 4 parallel fibers

QAM16: coherent 

WDM4: wavelength

channels

What if you want to change/upgrade the link? 
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FLEXIBLE OPTICAL COMMUNICATION

Today: if you want to change protocol…

you need to make a new chip

PSM4
QAM16

WDM4
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PROTOTYPING A NEW (SILICON) PHOTONIC IC

Design (4M)

Fabrication (6M)

Package (1M)

Test (2M)

Then you discover the bugs…

Repeat!
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PROTOTYPING A NEW ELECTRONIC CIRCUIT

Select a suitable programmable IC: FPGA, DSP, μC (1d)

Program and test the chip (1-4w)

Only then, if needed:

• Design ASIC …
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WHERE ARE THE PHOTONIC FPGAS?
or programmable photonics

reconfigurable photonics

photonic processors

universal photonic circuits …

Photonic Integrated Circuits

that can be reconfigured

using software

to perform different functions.
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PROGRAMMABLE PHOTONIC CHIP

Can processes signals in the optical domain

• balancing

• filtering

• transformations

Both on Optical and RF

Photonic
Processor

optical
signals
in

optical
signals
out

RF signals
in

RF signals
out
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GENERIC PROGRAMMABLE PHOTONIC CIRCUIT

Optical inputs and outputs

RF inputs: modulators

RF outputs: balanced PDs

Long delays for filters

Connected by a programmable

linear optical circuit

Programmable
linear processor
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OPTICAL LINEAR PROCESSING

Linear optical circuits

can be described by an

S-matrix

- Frequency domain

- Complex numbers

- Wavelength

dependent

- Includes reflection

- Reciprocal

- IF NO LOSS ⇒ 𝑺 is unitary

S-Matrix
1

2

m

n

qw

𝑆11

𝑆𝑞1

𝑆𝑛1

𝑆𝑚1

𝑜𝑢𝑡𝑝 = 𝑆𝑝𝑞 . 𝑖𝑛𝑞
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OPTICAL LINEAR PROCESSING (TRANSMISSIVE)

Transmissive linear optical circuits

can be described by an

T-matrix

- Frequency domain

- Complex numbers

- Wavelength

dependent

- NO REFLECTION

- IF NO LOSS ⇒ 𝑻 is unitary

T-Matrix
1

2

n 𝑇𝑛1𝑜𝑢𝑡𝑝 = 𝑇𝑝𝑞. 𝑖𝑛𝑞 n

1

2
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IMPLEMENTING T-MATRICES ON A CHIP

Network of phase shifters and tunable 2x2 couplers (beamsplitters)

Miller, OpEx 2013
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FIRST PROGRAMMABLE T-MATRIX CIRCUIT

First implementation in silica (low contrast): 2015

6x6 T-matrix

Application: linear optical quantum operations: 
CNOT gate, boson sampling, random walks, etc.

Carolan et al. Science 2015
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FIRST T-MATRIX CIRCUIT IN SILICON

4x4 circuit: 2.5 x 0.4 mm2

Ribeiro et al, Optica 2016
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UNIVERSAL LINEAR CIRCUIT IN SILICON

Tunable couplers = MZI with thermo-optic phase shifters

Phase shifters: 
Simple Heaters

Power monitors:
Directional coupler tapIO channels:

grating couplers

Ribeiro et al, Optica 2016
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ADAPTIVE BEAM COUPLER

Circuit adapts itself to maximize

output to a single mode waveguide

Local feedback loops stabilize

the entire circuit.

Feedback on

Feedback off

Temperature

Ribeiro et al, Optica 2016
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LARGE-SCALE T-MATRIX CIRCUIT

Harris et al, Nature Photonics 2017

Shen, Harris  et al, Nature Photonics 2017

Harris et al,  Optica 2018

Michael Hochberg (opsis), Michael Fanto (RIT), Paul Alsing

(AFRL), Stefan Preble (RIT), Philip Walther (U. Vienna)

26 input modes

26 output modes

88 MZIs

176 phase shifters



46

WHERE ARE MATRIX MULTIPLICATIONS USEFUL?

Pattern Recognition

Linear Quantum Optics

Artificial Neural Networks
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QUANTUM PHOTONICS CIRCUITS

A whole string of demonstrations
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PHOTONIC ACCELERATORS FOR AI

Neural networks need fast multiplications of large matrices
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OPTICAL T-MATRIX HAS LIMITS

Strict separation of inputs and outputs

Difficult to implement flexible delays (e.g. filters)

T-Matrix
1

2

n 𝑇𝑛1

𝑜𝑢𝑡𝑝 = 𝑇𝑝𝑞. 𝑖𝑛𝑞

n

1

2
S-Matrix

1

2

m

n

qw
𝑆11

𝑆𝑞1

𝑆𝑛1

𝑆𝑚1

𝑜𝑢𝑡𝑝 = 𝑆𝑝𝑞 . 𝑖𝑛𝑞
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MORE GENERIC: FULL S-MATRIX PROCESSING

Adding feedback (loops)

• Zhuang 2015: Square Meshes

• Capmany 2016: Triangular/Hexagonal meshes
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HEXAGONAL MESH CIRCUIT

• 7 hexagonal cores

• 30 tunable couplers

(2 heaters per coupler)

• >100 possible circuits

D. Pérez, et al., Nature Comms. 8, 636, 2017
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MZI

MZI

MZI

MZI

MZI

MZI

MZI

MZI

MZI

(RE) ROUTING LIGHT

Light can be arbitrarily routed

bar

cross
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MZI

MZI

MZI

MZI

MZI

MZI

MZI

MZI

MZI

(RE) ROUTING LIGHT

Light can be arbitrarily routed

bar

cross



56

MZI

MZI

MZI

MZI

MZI

MZI

MZI

MZI

MZI

(RE)ROUTING LIGHT

Light can be arbitrarily routed

bar

cross



57

MZI

MZI

MZI

MZI

MZI

MZI

MZI

MZI

MZI

(RE)ROUTING LIGHT

Light can be arbitrarily routed

Multiple routes in the same mesh

bar

cross
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MZI

MZI

MZI

MZI

MZI

MZI

MZI

MZI

MZI

(RE)ROUTING LIGHT

Light can be arbitrarily routed

Multiple routes in the same mesh

Edges can be shared

This coupler is used 
by both routes

bar

cross
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MZI

MZI

MZI

MZI

MZI

MZI

MZI

MZI

MZI

(RE)ROUTING LIGHT

Light can be arbitrarily routed

Multiple routes in the same mesh

Edges can be shared

Crossings are not a problem

This coupler acts
as a crossing

bar

cross
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MZI

MZI

MZI

MZI

MZI

MZI

MZI

MZI

MZI

SPLITTING LIGHT

Couplers control arbitrary splitting ratios

Power distribution networks

Multicasting

This coupler acts
as a splitter

bar

cross

partial
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MZI

MZI

MZI

MZI

MZI

MZI

MZI

MZI

MZI

SPLITTING AND COMBINING LIGHT

Couplers control arbitrary splitting ratios

Phase shifters keep everything in phase

bar

cross

partial
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MZI

MZI

MZI

MZI

MZI

MZI

MZI

MZI

MZI

MACH-ZEHNDER INTERFEROMETERS

Basic building block for FIR filters

Delay can be adjusted per unit lengths

This coupler is
used twice

Δ𝐿
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MZI

MZI

MZI

MZI

MZI

MZI

MZI

MZI

MZI

RING RESONATORS

Loop light in itself

Coupler ring resonators together
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RESONANCES CAN BE A PAIN

What if the couplings are not perfect?

+

Perfect route Coupling error Parasitic resonances

Fabrication errors
Control errors
Digital driving

Temperature gradients

I. Zand, in preparation
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PARASITIC OUTPUTS…

Light goes everywhere it can…
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ROUTING A PATH

1% random Variations on the nominal coupling

resonance because
of weak ring resonators

I. Zand, in preparation
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ROUTING A PATH

3% random Variations on the nominal coupling

more pronounced variations

I. Zand, in preparation
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OPTIMIZING THE ‘UNUSED’ COUPLERS

3% random Variations on the nominal coupling

coupling variations still
introduce losses

No more strong parasitic resonances

I. Zand, in preparation
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SCALING UP THE HEXAGONAL MESH

• 7 x 7 Mesh – 49 hexagonal cells
• 168 MZIs
• 336 Phase Shifters/heaters

Ribeiro et al., in preparation
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Scaling up?

We need good building blocks

• Compact

• Short optical length

• Low optical loss

• Low electrical power

LARGE-SCALE OPTICAL MESHES

Scaling up?

We need many building blocks

• Electrical actuators

(couplers and phase shifters)

• Monitoring

• Control for the building blocks
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Scaling up?

We need good building blocks

• Compact

• Short optical length

• Low optical loss

• Low electrical power

LARGE-SCALE OPTICAL MESHES

Scaling up?

We need many building blocks

• Electrical actuators

(couplers and phase shifters)

• Monitoring

• Control for the building blocks
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Phase Shifters

THE ESSENTIAL ACTUATOR BLOCKS

Tunable Couplers

Δ𝜙 𝑉𝑐

𝑉𝑐

𝑠𝑖𝑛 𝑠𝑜𝑢𝑡 = 𝑠𝑖𝑛 . 𝑒
𝑗Δ𝜙 𝑉𝑐

𝜅(𝑉𝑐)

𝑆𝑖𝑛1

𝑆𝑖𝑛2

𝑉𝑐

𝑆𝑜𝑢𝑡1 = 𝑆𝑖𝑛1 1 − 𝜅 + 𝑆𝑖𝑛2𝜅

𝑆𝑜𝑢𝑡2 = 𝑆𝑖𝑛1𝜅 + 𝑆𝑖𝑛2(1 − 𝜅)
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• Symmetric MZI with phase shifter in both 

arms

• Directional coupler as splitter/combiners

• Side-strip heater with integrated diode as 

phase shifter

THERMAL MZI SWITCH DC1 DC2

ΔΦ
In2

In1

out2

out1
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MAKING THE TUNABLE COUPLER BROADBAND AND TOLERANT

Use two coupler stages

DC1

ΔΦ1

DC2 DC3

In2

In1

out2

out1

ΔΦ2

DC1 DC2

ΔΦ
In2

In1

out2

out1
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MAKING THE TUNABLE COUPLER BROADBAND AND TOLERANT

Heater

Grating
coupler

100um

Broadband coupling over 50nm

Tolerant to fabrication variations

in the directional couplers

wirebond
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PHOTONIC PHASE SHIFTERS: REDUCE POWER CONSUMPTION?

Pockels (2) (fs)

⚫ Polymers, perovskites

M
ag

n
it

u
d

e 
o

f 
th

e 
ef

fe
ct

Speed of the effect

Thermal (us)

⚫ Heaters

Carriers (ns)

⚫ Diodes, capacitors

Birefrigence (ms)

⚫ Liquid crystals

Tuning

Switching

Modulation

Mechanical (ms-us)

⚫ MEMS, NEMS



85

Multi-Layer

MOVABLE WAVEGUIDE APPROACHES IN SILICON PHOTONICS

Buried Oxide

Si Substrate

V

Han et al., 
Optica, 2018Out-of-Plane

Si Substrate

Buried Oxide

V

Si Substrate

Buried Oxide

V

Single-Layer

Bulgan, E.; Kanamori, Y.,
Hane, K., 
Appl. Phys. Lett. 2008, 
92, 101110

Errando-Herranz, C., Colangelo, 
M., Ahmed, S., Björk, 
J., Gylfason, K B., IEEE MEMS 2017

Out-of-Plane

In-Plane

Courtesy: Niels Quack
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MORPHIC: PHOTONIC MEMS FOR PROGRAMMABLE CIRCUITS

MEMS enable low (zero) power reprogramming of generic

silicon photonics circuitry.
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Mems-based zerO-power Reconfigurable PHotonic ICs

Horizon 2020
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SILICON PHOTONICS MEMS PROCESS DEVELOPMENT

Silicon Photonic MEMS process.

Extend IMEC’s wafer-level iSiPP50G process on a die level (EPFL, KTH)

• opening

• passivation

• underetch (release)

• sealing

tungsten plugs

2-layer metal
interconnect

AlCu pads

window opening

silicon substrate

doping

sealing / capping

MEMS release
process (underetch)

sidewall
passivation
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DEVICE EXAMPLE: FREESTANDING ADIABATIC COUPLER

Experimental Data:

➢ Insertion Loss: <0.5dB

➢ 1dB Bandwidth: 35nm 

(@1560nm)

Sattari et al. (in preparation)

MEMS Release 

Window

Anchor

Suspended

Waveguides

(in air, aligned)
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MEMS-BASED PHASE SHIFTER

In-plane actuation with Comb drive

V

Edinger et al. Low-loss MEMS phase shifter for large scale reconfigurable
silicon photonics. 32nd IEEE MEMS conference (2019)
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MEMS-BASED PHASE SHIFTER

In-plane actuation with Comb drive

> 𝜋 phase shift at < 20V

Edinger et al. Low-loss MEMS phase shifter for large scale reconfigurable
silicon photonics. 32nd IEEE MEMS conference (2019)
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Scaling up?

We need good building blocks

• Compact

• Short optical length

• Low optical loss

• Low electrical power

LARGE-SCALE OPTICAL MESHES

Scaling up?

We need many building blocks

• Electrical actuators

(couplers and phase shifters)

• Monitoring

• Control for the building blocks
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MORE THAN JUST PHOTONS

It is not just the optical chip

• Packaged interfaces

• Driver electronics

100s optical IOs

1000s electronic
feedback loops

10s RF signals

1000s electrical IOs

10000s optical elements

1000s actuators and
monitors
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CONTROLLING MANY ELECTRO-OPTICAL ELEMENTS

Wire-bonding

• flexible

• limited connections

Flip-chip / 3D stacking

• Many connections

• Custom ASIC

Monolithic:

• Very powerful

• Complex process/design
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MATRIX ADDRESSING OF HEATERS WITH DIODES

Diodes enable Matrix addressing

• Only N + M pads needed

instead of N x M

Data
• 0V = off
• 5V = on

0

0

5

0
5 0 5 5

heater

A. Ribeiro, in preparation
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MATRIX ADDRESSING OF HEATERS WITH DIODES

Time-multiplexing the control
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MORE THAN JUST PHOTONS

It is not just the optical chip

• Packaged interfaces

• Driver electronics

• Software

100s optical IOs

1000s electronic
feedback loops

10s RF signals

software configuration

1000s electrical IOs

10000s optical elements

1000s actuators and
monitors
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INTERFACES AND PROGRAMMING TOOLS

Programmable circuits are part of a system

• Photonics

• Electronics

• Software

• Optical interfaces

• Electrical and RF interfaces

Develop packaging 

and programming tools

photonics

analog
electronics

digital
electronics

software

user

optical

electrical

RF
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PROGRAMMABLE CIRCUITS: THE LOGIC STACK

Control system

• Electronic driver / readout

• Digital control

• Local feedback loops

• Software control

• High-level programming
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for k in range(N):
set_current(k, I)
read_monitor(k, 1)
read_monitor(k, 2)
set_current(k+1, 0.9*I)
set_current(k-1, 1.1*I)
read_monitor(k-1, 1)
read_monitor(k+1, 2)

FROM IDEA TO PROGRAMMABLE CIRCUIT

How to program functionality?

• translate specifications to programming code for control circuit

• sequential programming strategies

• trade-off for different metrics (loss, phase errors, balance)

𝜅

𝜅

100% 100%

100%

100%
0%

0%

0%

0% 100%

100% 100% 100%

100%

0%

Device concept

Equivalent circuit

Connectivity Matrix

Programming code
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USING GRAPH ALGORITHMS TO ROUTE IN PROGRAMMABLE MESHES

Translate circuit into “photonic graph”

X. Chen, in preparation
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EMBEDDING PHOTONIC RULES IS NOT TRIVIAL

UNPHYSICAL

X. Chen, in preparation
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GRAPH MAPPING

Directed or undirected

Weighted or unweighted

Introduce artificial nodes

Compatible with existing 

algorithms?
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Many routing problems are NP

Different algorithms

- Integer Linear Programming

(small systems)

- Multi-commodity flow algorithms

- Heuristics

DIFFERENT ALGORITHMS

History

Example: Multi-path routing
with congestion negotiation

X. Chen, in preparation
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Without congestion cost

DISTRIBUTION PROBLEMS

With congestion cost 

(e.g. nonlinear losses, TPA)

X. Chen, in preparation
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Design toolsMORE THAN JUST PHOTONS

100s optical IOs

1000s electronic
feedback loops

10s RF signals

software 
configuration

1000s electrical IOs

10000s optical elements

1000s actuators and
monitors

It is not just the optical chip

• Packaged interfaces

• Driver electronics

• Software

• Design tools
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Scaling up?

We need good building blocks

• Compact

• Short optical length

• Low optical loss

• Low electrical power

LARGE-SCALE OPTICAL MESHES

Scaling up?

We need many building blocks

• Electrical actuators

(couplers and phase shifters)

• Monitoring

• Control for the building blocks
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GENERIC PROGRAMMABLE OPTICAL PROCESSOR

Add optical functionality to

the linear circuit

• Fast modulation and

photodetectors for

RF input/output

• Light sources

• Amplifiers

• Fiber input/output

• Long delay lines
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GENERIC PROGRAMMABLE OPTICAL PROCESSOR

Add optical functionality to

the linear circuit

• Fast modulation and

photodetectors for

RF input/output

• Light sources

• Amplifiers

• Fiber input/output

• Long delay lines
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49-core hexagonal mesh

16 optical IOs (fiber array)

336 tuners

HIVE: OUR NEXT-GENERATION PROGRAMMABLE PIC
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49-core hexagonal mesh

16 optical IOs (fiber array)

336 tuners

HIVE: OUR NEXT-GENERATION PROGRAMMABLE PIC

4 RF phase modulators 

10 RF detectors
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49-core hexagonal mesh

16 optical IOs (fiber array)

336 tuners

HIVE: OUR NEXT-GENERATION PROGRAMMABLE PIC



126

HIVE: OUR NEXT-GENERATION PROGRAMMABLE PIC

Fabricated in IMEC
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HIVE: OUR NEXT-GENERATION PROGRAMMABLE PIC

Partially wire-bonded (miniBee)

6 hex cells

2 address 

matrices of 3x10
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HIVE: OUR NEXT-GENERATION PROGRAMMABLE PIC

Adding electrical control: starting small

PIC

5 mm 
2

,5
 m

m
 

Fanout PCB

6 cm 

3
,5

 c
m

 Booster Board

10 cm 

FPGA Board 5
,5

 cm
 

PC
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HIVE: OUR NEXT-GENERATION PROGRAMMABLE PIC

controlled by FPGA with current booster

FPGA Board

Booster Board

Eth.

Fanout PCB
PIC

Wire bond

PIC

Booster + FPGA 
Boards

Ethernet Cable
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HIVE: OUR NEXT-GENERATION PROGRAMMABLE PIC

What is next?

• Programming simple wavelength filters

• Connecting all 336 phase shifters

• Interfacing the RF elements

(packaging with Tyndall)

• Application demonstrations

• microwave processing

• filtering

• spectrometers

• transceivers
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PROGRAMMABLE TRANSCEIVER

Example: A 100Gbps transceiver

PSM4: works with 4 parallel fibers

4 MZI 
modulators

laser in

4 fibers out

4 fibers in

detectors
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PROGRAMMABLE TRANSCEIVER

Example: A 100Gbps transceiver

PSM4: works with 4 parallel fibers

QAM16: coherent 
laser in

balanced 
detectors

IQ
modulator

90-degree
hybrid

fiber out

fiber in
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TODAY’S PHOTONIC CHIP: DESIGNED FOR ONE PURPOSE

Example: A 100Gbps transceiver

PSM4: works with 4 parallel fibers

QAM16: coherent 

WDM4: wavelength

channels

4 lasers in

4 MZI 
modulators

wavelength
muxwavelength

demux

detectors

fiber out

fiber in
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PROGRAMMABLE TRANSCEIVERS

One chip can be reprogrammed for different protocols

• flexible operation

• rapid development

PSM4

QAM16

WDM4
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EXAMPLE: SWITCH MATRIX

Switching network

• Different switch architectures possible

• Multicasting and broadcasting
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EXAMPLE: OPTICAL BEAM FORMING

Fast beam-forming network

• distribution network (phase and amplitude)

• fast modulation
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EXAMPLE: MICROWAVE PHOTONICS

multi-channel programmable microwave filter

• photodetector input

• optical filter bank

• modulator output
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Larger chip manufacturing volumes

Smaller end-user purchase volumes

Faster Prototyping Cycle

CHANGING THE ECOSYSTEM

New role for chip suppliers

Specialized Packaging

Programming services and IP creation
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SUMMARY: PROGRAMMABLE PICS

Programmable PICs can become a game-changer:

• Rapid prototyping and development

• High performance 

• Different applications

Scaling exposes new challenges

• power consumption

• accumulated loss/parasitics

• control

• packaging

• programming algorithms
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