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•  Towards a Generic Foundry Model 
 Glass, Silicon and InP  

•  (Generic) Circuit approach 
Building Blocks, Design rules, Design kits 

•  Opportunities  
Jeppix, ePIXfab, OpSIS … 

 

The Generic Foundry Vision 



Photonic Devices, PoliMi, A. Melloni 

Since	1990	worldwide	several	B$	invested	in		
	 				development	of	photonic	integra:on	technologies	

Market	share	of	PICs	is	s:ll	small	for	payback	investments	
•  Almost	all	research	was	strongly	applica:on	driven	

•  No	coordina:on	in	technology	development	

•  Therefore,	almost	as	many	technologies	as	applica:ons	

•  No	knowledge	and	cost	sharing	advantage	

•  For	most	companies	entry	costs	too	high	

Ø  Move	to	a	few	generic	technologies	that	support	a	broad	range	of	
func:onali:es	

Ø  Apply	the	methodology	of	CMOS	to	photonics	
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The current model in difficulties… 
(vertical integrated fab) 
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Someting is going wrong .... 

•  Up to now almost all research has been Application driven 
•  Therefore almost as many technologies as applications (almost  

              everything is reinvented) 
•  For most of them: market too small for payback investments 
•  Huge fragmentation, unsustainable fragments 
•  (in electronic) Huge market served by a small set of integration technologies 
•  (in photonic)  Small market served by a huge set of integration technologies 

A fully optimized technology for a succesfull application 

Too many degree of freedom, Too many materials, Too many 
technologies, Too many component types, too many packaging types 

No standards 
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Move to a Generic Foundry Model means 
  - Convergence of technologies 

   - Decouple design and technology (IP) 
  - Reduce cost (entry, development, qualification, multi-projects…) 
  - Use standard Building Blocks 
  - Set up libraries, design kits, circuit design tools 
  - Generic packaging 

 
Fabless companies, new market, design houses, high quality foundries, 
reduced time to market, no custom design… 

Limit the number of possibilities (technologies, devices,  
 materials, dimensions, …) 

Towards a generic foundry model…  
… that support a broad range of functionalities 
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Towards a generic foundry model…  
… that support a broad range of functionalities 

2000 2010 2020 

Market 
Volume 

Generic 
Technology 

Custom 
Technology 

5 



Photonic Devices, PoliMi, A. Melloni 

A	paradigm	shiH	needed	

Move	from	applica7on	specific	technology	development	
to	generic	technologies	that	apply	to	a	broad	range	of	
func:onali:es	

	

Apply	the	methodology	of	microelectronics	to	photonics	

	 	 	Ver:cal 	Custom 	Generic	
	 	 	Integrated 	Foundry 	Foundry	
	 	 	Model 	Model 	Model	

	 	Cleanroom	fab 	NO 	YES 	YES	
	 	Integra:on	process 	NO 	NO 	YES	
	 	Design	Kit 	NO	 	NO	 	YES	
	 	Component	Library 	NO 	NO 	YES	
	 	Packaging 	NO 	NO 	YES	
	 	Qualifica:on	and	tes:ng 	NO 	NO 	YES	
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Knowledge and cost sharing 
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The generic foundry model (in Europe)  

Users 

Foundries 

Design Houses  

Packaging Building Blocks 
Design rules 
Design kits 
Software 

WDM OXC 
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Eco-system for InP foundry model

JePPIX: broker 
InP and TriPleX

Value chain for 
photonic ASICs 
prototyping

Photonic Integration     Erice     30 September 2016 16/40
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How – PICs4All and MPW runs 

Multi-Project Wafer (MPW) runs 

Learning from integrated electronics 
§  Access to a cutting-edge photonic 

technology 

§  Sharing wafer: sharing fab costs 

§  Simple and cheap way of 
prototyping 

§  Fabless business model 

Generic foundries offer standardized and 
general-purpose fabrication technologies 
to external users. The ecosystem of fabless 
player can focus on new circuital solutions 

rather than technological issues.  
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Increasing complexity

Increase of complexity:
• At the ASPICs level
• At the mask/reticle level

2005-2006 2011-2012

2014-2015

Examples:

Photonic Integration     Erice     30 September 2016 12/40
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Photonic ICs : variety of applications

> 350 ASPICs fabricated in MPW runs

Photonic Integration     Erice     30 September 2016 13/40
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http://www.epixfab.eu

http://www.jeppix.eu

Indium 
Phosphide 

Major Generic foundries	
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The	(poten:al)	market	forecast	
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JePPIX	Roadmap	
Using	Generic	Integrated	
Photonics	

*	 *	
*	

*	*	

Silicon	Photonics	

100	
200	
300	
400	
500	
600	
700	

[M
$]
	

2012	
2013		-------------------------------------------------	2024	

0	

800	



Photonic Devices, PoliMi, A. Melloni 

Chip cost in different fab models

1 10 100 1,000 10,000 100,000 1,000,000 10,000,000 

Chip volume (mm2)

Chip cost / mm2

Vertical Custom GenericCleanroom

Process

Design
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Entry costs
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Photonic Integration     Erice     30 September 2016 17/40
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Manufacturing	cost	distribu:on		(InP)	
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Market	silicon	photonics	
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https://aimphotonics.academy/roadmap/ipsr-roadmap

IPSR	ROADMAP	

http://www.jeppix.eu
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New Horizons for Integrated 

Photonics: from design to applications 

CIRCUIT APPROACH 

Dipartimento di Elettronica, Informazione e 
Bioingegneria 

 Politecnico di Milano – ITALY 
Filarete srl - Milano 

A. Melloni 
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Logical	process	flow	

materials	
technol.	

waveguides	

devices	
circuits	

systems	

packaging	
modules	
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Order of magnitudes in photonics 

Analysis, design, study of large and complete optical circuits 

Wavelength Circuits 
Components “Discretization” 

100 
102 

104 
10-2 [µm] 

§   The key point is the ‘model’, which describes the behavior 
of  the circuits’ building blocks 

§   The BBs are described by models that collect all the 
microscopic details and to be used at macroscopic level  

22 

Building Blocks 
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•  flexible (no modeling required) 
•  needs and gives physical parameters 
•  large time and memory requirements 
•  suitable for small elements 

•  requires a modeling  
•  non information on geometry & materials   
•  access only to input/output port waves 
•  very fast, suitable for large circuits 

€ 

∇ ×E = − jωB

€ 

∇ ×H = jωD+ J

€ 

B = µH

€ 

∇ •D = ρ

Electromagnetic approach 
(physical modeling)  

Circuit approach 
(high abstraction level)  vs 
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⇥2Et +⇥(Et ·⇥ ln ⇤) + (⇥2⇤µ0 � �2)Et = 0The	wave	equa:on:		

BPM,	FDTD,	FEM,	EME,	MoL,	MM,	IE,	….	

Accuracy 

- 	higher	abstrac:on	level	
- 	model	(preprocessing)	
- 	single/mul:	mode	
- 	measure/datasheets/EM	results	

S 

The	model	/	BB	/	S	matrix		
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Characterization 

Modelling	of	photonic	Building	Blocks	

EM 
analysis 

Numerical simulations  

€ 

∇×E = − jωB

€ 

∇×H = jωD+ J

€ 

B = µH

€ 

∇•D= ρ

S	

BB	model		

• 	realis:c	model		
• 	no	informa:on	on	geometry	&	materials			
• 	access	only	to	input/output	port	waves	

• 	very	fast,	suitable	for	large	circuits	

Circuit	approach	
(high	abstrac:on	level)		
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The model of a straight waveguide 
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•  1 

•  e -αL –jβL  

•  α , β     f (λ, temperature, I, V, E and H field, statistics,  
    aging … solar wind, radioactivity !) 

•  TE / TM: birefringence, multimode, mode coupling,… 

•  Input/output modal mismatch 

•  Parasitic interactions, backscatter  

•  Nonlinearities 

Straight waveguide Source Termination 
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The Building Blocks 
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The Composite Building Blocks 

28 
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480 nm 

220 nm 

Some physical Building Blocks 

29 
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The (SOI) Building Blocks Library 

30 
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Generic	Integra:on	philosophy	

Electronic integration 
3 basic elements 

Photonic integration 
4 basic elements 

PWD ERMSOA 

Waveguide 

 

Phase 

 

Amplitude 

 

Polarisation 

PWD

ϕERM

ΑSOA 

P 
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Integra:on	of	building	blocks	in	a	single	chip	
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All	kinds	of	passive	devices	…	

3
3
/
3
3

AWG-demux 

MMI-couplers and filters 

ring filters 

polarisation splitters 
polarisation combiners 

polarisation independent 
differential delay lines 

MMI-reflectors 
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switches	and	modulators	…	

ultrafast switch 

phase modulator 

amplitude modulator 

fast space switch 

WDM crossconnect 
WDM add-drop 

polarisation independent 2x2 switch 
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All	kinds	of	lasers	…	

Fabry-Perot lasers 

picosecond pulse laser 

multiwavelength lasers 

tunable DBR lasers  

ring lasers 
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waveguide 

curve 

AWG-demux 

MMI-coupler 

optical amplifier 

λ converter, ultrafast switch 

picosecond pulse laser 

multiwavelength laser 

phase modulator 

amplitude modulator 

2x2 switch 

WDM OXC 

Passive  Phase Amplitude 

polarisation converter 

pol. splitter / combiner 

pol. indep. 2x2 switch 

Polarisation 

pol. indep. diff. delay line 

Photonic	Integra:on	with	4	basic	building	blocks 



Photonic Devices, PoliMi, A. Melloni 

Building blocks and Design kits 
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BB	comes	from	a	coopera7on:	
Foundry	+	Designer	+	BB	builder	

Effective index neff is the most important parameter 

Effective index neff is useless ! 

BB model is a living object Solve Maxwell is not a model 

A BB can be valid for some 
applications, not for others 

BB describe the  
real object 

BB can contains also 
experimental data  How to 

use 

Foundry info 
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Circuit = Σ Building Blocks 

38 

Tunable delay line 0÷8 bit @ 10…100 Gbit/s 

N x 40 µm 
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Imagination 

39 

and Intellectual property 

Functionality Topology 
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Role of circuit 
simulators 

Fill the gap between components and systems 

Design Verification 

Virtual Experiments 

“What if” studies 

Aging effects 

Tolerances impact 

Proof of concept 
Optimization 

Worst case analysis 

Sensitivity 
& Yield 
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Drop 
Add 

Through 

DWDM on CWDM 

Ports 

Each element of the circuit has N ports where the complex 
amplitudes of input and output waves are specified. 

Each element is described by a Scattering matrix 

Analysis of the circuit 
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Drop 
Add 

Through 

     Out=[S]·In 

Sc 

Sb 

Ss 

Sr 

Sx 

Sg 

Matrix description of the circuit 
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Structure of a circuit simulator (ASPIC) 

44	

Foundry 
Library 

kernel 
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neff 
Etching depth 
Layers thickness 
Material homogeneity 
Stress & Strain 
Linewidth 

Directional couplers 

€ 

K = sin2(κL) = sin2(κ0e
−g / dL)

K
 

κL 

Statistics of parameters… 

45 
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Optimized filters comparison  
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Standard deviation: 0.006 

TE:   4.79λ2  -  15.10 λ  +  15.39 
TM:  6.92 λ2   -  21.71 λ  +  20.49 

14/11/2011 48	
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Tunable delay line 
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A matrix of rings… 
Robust optical delay lines with topological protection 
M. Hafezi, NATURE PHYSICS, VOL. 7,  NOVEMBER 2011 

1656 Building Blocks, 3760 ports, 18 nested variables 



Photonic Devices, PoliMi, A. Melloni 

Libraries	for	ASPICTM	simulator	

1600 BBs; 100 lambda points à 1 min 

www.aspicdesign.com	

Direct	export	
to	mask	layout	

Use	realis:c	BB	

SAPPHIRE	
BBs	


