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1 Institute Director
Prof. Dr. Niels Quack
Prof. Dr. Jens Anders

' Founded
in 1983 by the State of Baden-Wirttemberg

= Today
100+ employees
20 M€ operating budget
ISO 9001 certification
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IMS CHIPS. Innovation. Scaled.

Vision. Mission.

Our technologies open up new possibilities for a Every day, we combine fundamental ideas with
smarter, more efficient, and more sustainable precise design and modern manufacturing to
world. We strive for world-class research and create prototypes and small series that solve real-
translate scientific excellence into physical world challenges.

innovation.
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Expertise. To turn ideas into technology.
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Design and technology expertise in
microelectronics, microsystems engineering &
nanostructuring

(.
L

Research, development & manufacturing
for SMEs and large enterprises

1 Scientific collaborations with universities &
institutes

ISO 9001 certification
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L
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Infrastructure. To support innovation.
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=7 Circuit and system development
I Certified CMOS products

1 Optional add-on processes

=7 Nanostructuring platform
0 On wafer and mask substrates
I E-beam, laser, and optical lithography

=1 Pilot lines for specialized technologies
7 CMOS-compatible GaN power electronics

o Integrated photonics
o Large-area M(E)MS

I Cleanroom: 1.200 m?, ISO Class 4
=7 Assembly and interconnection technologies

1 Test and quality environment




Business areas. To connect research and markets.

IMS 436.290

volltronic

Circuits & Systems

Photonics
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Microelectro-
mechanical
Systems

Nanopatterning

Education Services







Innovationsallianz Baden-Wurttemberg. Forschung, die

ankommt.

I Anwendungsorientierte Forschung
fur den Mittelstand

0 Entwicklung marktreifer Produkte,
Verfahren und Dienstleistungen

0 12 wirtschaftsnahe Forschungsinstitute
0 1.500 Mitarbeiterinnen

0 77 Mio. Erlose aus

0 4.850 Industrieauftragen

[0 89 Mio. Erlose aus offentlicher Hand

8 IMS CHIPS Institut fur Mikroelektronik Stuttgart

IMS
CHIPS

EUTSCHE INSTITUTE ¥R
EXTILY FASERFDRSCHURG

Schwibisch Gmiind
Stuttgart

Denkendorf

6000
Hahn i} l

. Villingen-Schwenningen
Schickard




GF Photonics

I Heterogeneous Integration
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Integrated Photonics Platforms

Simulation & Design

Fabrication

R
Test & Packaging
Si-Photonics SiN-Photonics AIN on Si Thin film LNOI
Adressed wavelengths IR VIS + IR VIS + IR VIS + IR
(A>1,1 pm) (A>0,4 pm) (A>0,4 um) (A>0,6 pm)
Refractive Index (at A = 1,55 um) 3,5 2,0 (Si;N,) ~2,2 ~2,2
Waveguide Losses (at A= 1,55 um) 2-4 dB/cm 0,1-2,0dB/cm 4-5 dB/cm 0,1-1dB/cm

Active optical devices

- Phase shifters

(thermal + electric)
- Diodes

- Phase shifters
(thermal)

- EO phase shifters
- Piezo-electronics

- EO phase shifters

State of of the line

Products and R&D

Products and R&D

Research ongoing

First products and R&D
Upscaling

Substrate size
Chip size up to full wafer

SOl 150mm
CMOS line

Si150mm
CMOS line

Si150mm
CMOQS line

LNOI 100mm = 150mm
LNOI + CMOS line
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Enabling Heterogeneous Integration

7 Wire and die 7 Packaging and 7 Flexible 7 Chip-Film Patch @ Photonic
bonding Housing Electronics for Medical Interfaces by 3D

= Dicing and = Chip Stacking o1 Interposers applications printing
Grinding o Micro lenses

rl
[

Photonic Wire

11 IMS CHIPS Institut fur Mikroelektronik Stuttgart b O n d S




Photonics Examples

o Suspended SiN-waveguides for quantum
sensors

100 4 CT

12 #1002

o Echelle Grating for HD-WL-DeMux o 3D-printed optics (Micro Lenses, PWB)
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Motivation

Why integrated photonics for quantum applications?

A lot of quantum ideas start with free-space optics and need to scale to evolve into
products

Why do quantum start-ups or SME with quantum applications need
partners for enabling technologies? (especially in DeepTech)
IP and scaling: key to market value, flexible, transferable
Invest/VC: not easy, long development cycles, high upfront invest
Technology: new, disruptive, not available at foundry level

3 showcases in different quantum fields where IMS CHIPS is active
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Showecase 1: Quantum Sensors
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Innovationsnetzwerke
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Showcase 1: Quantum Sensors
Color-center based Magnetometer

Zu messendes Magnetfeld

Licht (520 Llcht [600 800nm) I I . .
2 Applications
Fllter

©* Navigation
10T & Lifestyle

MW-Antenne (2 GHz) BO-Feld (Perm. Magnet)

u ku Platinenaufbau mit ASICs (Lasertreiber, Mikrowellenanregung, Read-out)
System of L SUStalnablllty
5 elektrons NV-centres enhance NMR detection
1 Healthcare
Fluorescence Only Seen M\ticnal NMR M—coil NMR NV NMR (10pm-NMR) \
! - s r 1 1
At the following energy levels of the micro wave e o . o 7 Biomedical
gs gs - ¥ 0.3
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Showcase 1: Quantum Sensors o SRR 0=
SiN PICs as enabling building block

Test setup for ODMR measurements
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MW-resonator

U otmn 08
3D-printed high power
couplers at 520nm
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Showcase 1: Quantum Sensors
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Showcase 2: Quantum Devices

=1 Electromagnetically induced transparency nanowaveguides
7 Enables an otherwise opaque medium to become transparent
7 Can dramatically slow or even temporarily store light pulses
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https://opg.optica.org/optica/fulltext.cfm?uri=optica-13-3-443
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Showcase 3: Quantum Computing (QC)

Physical Qubits for Quantum Computing

(qucn’rum annealing
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7 A zoo of different concepts
o Atoms (lon traps, cold atoms)
o super conducting
o Nv-centers (Spin)

I3 Photonics
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3 Photonic QC

L

7 Alot of different technologies

Material platforms for integrated quantum photonics
https://arxiv.org/ftp/arxiv/papers/1610/1610.00729.pdf
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o Supporting other QC tech
= lon Traps, Cold/Neutral Atoms,

o1 Fast switching, high power

PICs for controlling atoms
https://doi.org/10.1038/s41467-024-55423-3
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Showcase 3: Quantum Computing (QC)
PhotonQ — Photonic Quantum Computing

Gefordert durch:

* | Bundesministerium f g

fiir Forschung, Technologie
und Raumfahrt

7 Fault-tolerant fusion-based photonic QC

7 Based on Silicon Photonics PICs at room temperature
7 Sources and detectors at cryo
1 Research scaling of different platforms (Si, SiN, AIN, LNOI)

1 Develop protocols directly linked to technology https://www.photong.de/
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https://www.photonq.de/

Showcase 3: Quantum Computing (QC)

P4Q — European Pilot for Photonic Quantum computing

From sensors to computing and ultra-secure
communication

Full stack quantum computers, quantum
Sensors or secure communication networks

Evolving photonic foundries to higher TRL
Generating and supporting PDK and ADK
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GeQD — SPAD Startup

7 Quantum applications need detectors even at RT

= Single Photon Avalanche Detectors on SiGe-basis @GEQD

0 rtup: IMS CHIPS + Uni r : ~
Startup S CHIPS + Uni Stuttgart Xe © O

= Initial Funding (Exist) over 2 years e €
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DCR of Ge-on-Si SPADs for an excess-voltage

Time-correlated single-photon counting range and several temperatures
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