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MTL Mission

= MTL = Home of microsystems research and education at MIT.

= Microsystems = From materials to systems through innovations
in materials, nanotechnology, molecular devices, sensors,

electrotnic and\phqtgnic devices, MEMS, bio-MEMS, integrated

circuits&ga\g:kaging and prototyping,

Extractor

20 nm



MTL Leadership Team
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Prof. Tomas-Palacios Prof. Ruonan Han Prof. Bilge Yildiz
Director ~__ Associate Director Associate Director
. \\\
~. -

A \\\
\\\
] \\\
2 \\\ (\\\\ S
- \\\\ \~\ \\\\ Iy
= \ \\\\i\
T~ \ /‘> } -
~ \ e
\\) \ ) // C\
o ~ e .
5 // e / // \ '\\‘\\\
Prof. Duane Boning Dr. Charles Hsu (/ S
Assoc. Dir. for CAD and IT e
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Key enablers

| WORLD
UNIVERSITY
RANKINGS

= Qutstanding students and postdocs S

III-- Massachusetts Institute
n of Technology (MIT)

= Full commitment to excellence

BB University of Cambridge
:ﬁ ¥ Cambridpe, United Kingdom

= Interdisciplinary research communities
S

BEST U.S. News & World Report
Best Engineering Programs

GRAD SHS 2023 Graduate School Rankings
_USNEWS
B mir
2

Stanford

University of California, Berkeley
Carnegie Mellon University
Purdue University, West Lafayette

Materials Science & Eng. Electrical Eng. Mechanical Eng. Chemical Eng.

#1 w #1
eantord | anford CalTech
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MTL Interdisciplinary Research Communities

MIT ter for Integrated
Circ‘ its aﬁd@gtems (CICS)

S~

+ Mixed-signal, speech, video, medical,
bio, power
6 faculty, 70 postdocs + students

A 4AEIND/M™ Wearable devices, imaging, monitoring,

MEDICAL ELECTRONIC DEVICE | e lab-on-a-chip
REALIZATION CENTER el 0 7 faculty, 20 postdocs + students

A comprehensive multi-disciplinary
effort to revolutionize Al Hardware
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MTL Interdisciplinary Research Communities

* Power electronics, RF amplifiers and
filters, LED technology
* 11 faculty, 30 postdocs + students

EMJLG.a.&En‘ergy :
Initlative— §

‘ ~.

MIT-MTL Center for Graphene

. +  Growth, electronic devices, physics,
Devices and 2D Systems Py

circuits and systems
» 17 faculty, 40 postdocs + students
* Industrial consortium

. \Focg‘s on undergraduate and MSc

® .
- I workforce development
I a n C I * 6 mOﬂthS\ihte[Qships

«  Student outreacﬁ\\
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Key enablers

= Qutstanding students and postdocs
= Core facHJIty and staff committed to excellence

o Interdlsélpllnary research communities

= Access t\bworld class

experimental facﬂ‘tres

MiT.nano
in the Lisa T. Su Building
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100,000 sq.ft.

of research and laboratory'Space
is ready for the next opportunity
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Key enablers
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Key enablers

Outstanding students and postdocs

Core faculty and staff committed to excellence

experimental M

= Strong Start-up Ecosy%m\

= Vibrant industrial consortium “%



APPLIED
MATERIALS
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MTL Annual Research Report 2023

MTL ; fewes MIT.nano

For access, please send an email to
ebgreen@mit.edu

100’s of abstracts in:

- Biology, Medical Devices, and Systems

- Circuits and Systems

- Devices (Electronic, Magnetic, Superconducting)
- Energy and Sustainability

- Integrated Photonics and Optoelectronics

- Machine Learning and other Accelerators

- MEMS, Thermal, Fluidic Devices, and Robotics

- Nanoscience, Nanotechnology, Nanomaterials

- Quantum Science and Engineering

- Semiconductor Manufacturing and Supply Chain




from materials to systems

(going through technology, devices and ICs)

MTL

ML-driven Perovskite Search
(Bulovic)

&  Mn3Sn(50)

Ru(2)

Antiferromagnetic Tunnel
Junction with Ultra-High
Field Resilience (Liu)

3D-printed compact
solenoids (Velasquez-
Garcia)

MoO3/MoS, Structures
(Jaramillo)

= o)
m =)

Perovskite Ferroelectric
Memory (Kim)
PN
TR AN

eNose with 4000+ graphene
sensors (Palacios

Magic-twisted Ferroelectics
and Superconductors

(Jarillo)

(TAVNiIAu) £ (TVAINIAu)
GaN channel L¢=200 nm

GaN CMOS Technology (Palacios)

CNT Field Emission Sources
(Velasquez-Garcia)

Protonic Devices for
ML (del Alamo)

% <

- Y
Gate W WY T -
[P o-GaNUID-GaN  *% Drain

o -

Tip"

6 nm GaSb/InAs Tunnel
FETs (del Alamo)

Optically-controlled GaN Power

Switches (Palacios)

width: ~1a nm

GaN-based Field Emitters \,

e

(Palacios) e
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EM Side-channel Attack o
Attacker M—g_‘ e
/' @ o Successful Anack

Y Secute ADC mode
¥ Each code has unanable random wavelcm

-

(This work
Delecion.drives

Sniff-SAR

5G NR Receiver 9.8 fJ/c.s Secure ADC

Chips

Retro-Backscatter THz ID
(Han, Chandrakasan)

AiP Die-PKG Interface

Retro-

Backscatter |

A 260-GHz Transceiver
22nm AiP (Han)

(Reiskarimian) (Lee, Chandrakasan)

®e® Glue ®

Resonators [l Charge lines Flux lines

@ : Metal particies

\__“/

THz Unclonable Anti-tampering
ID Tag (Han)

!
!
\
I

Emitter QBs | DataQBs | Couplers [l Waveguide

Superconducting

Cryo-CMOS Backscattered Quantum Chip N
Transceiver (Englund, Han) (Oliver)
B T e o b ot B Th T i A 4
o e Tl o o Tt I T el Lt A -3 3 C—
g e g Integrated photonics chip on
Pipelined ADC with time- ettt I;Z{E ;“ 500C QaN Memory flexible wafer (Notaros)
interleaved Sub- R e T (Palacios) ~
Memory-efficient Gaussian-fitting for Depth ADC/DAC in 16nm (Lee) ko I
Images in Real Time (Sze fngiepg gl g gy gl g g g




. al PQC Traming/\nference
£ ' calabio (=) impeactizal (<)
i = ] . i Simulated Inference
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Scalable (V') Practical {v')
Ellipsoidal structure in-sity Gradiont Evol'Updoto ——p  Real QC inforonce
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Neuromorphic
Computing with
Probabilistic Cochlear Microphones Efficient Or.w-Device Semantic
Nanomagnets (Liu) (Lang) Segmentation (Han)

Systems

Differential pair !

Reconfigurable Sensor
Computing System (Kim)

Analog/Digital
Interface

in-Memory Accelerators (Sze)




” VR
L (/
i ;0 A o A", 1

s 5 E
(prsowse i 1) L4
n yufocs “g' . K
gRseve
"E"‘:‘.’f
"I“ '...‘
)E"";‘J

ST e
>0

- - - 'mu“ ;’/‘u ‘.‘
S eeenl L
oipi

LA TN
LW e
WV \ N e

~
A o A

1 4
o ‘
r TS 3 R
"‘ b . v 3 Vi | ) N
e . > . oof . 2 i ;.

.
0 O S

Microsystems Industrial Group

= ( T
, )
-



Ecosystem:

Industrial Advisory Board
Visitor Program
Company-days at MIT
MTL-day at Company
Start-up Networking

Access to MIT.nano
Support with Fabrication

Talent Acquisition:

Custom Recruiting Events
Deep Tech Career Fair
Student Resume Book

Undergraduate Internship

M}Ef‘osygtems Indust\f'\i\ain.g\roup

EECS Alliance (Undergrads)

@® MICROSYSTEMS
© TECHNOLOGY
@ LABORATORIES

\\.

R&D:

Customization
Grand Challenge Projects
Master Research Agreement

Annual Research Conference

Annual Report & Newsletter

GaN Energy Initiative
Al Hardware Program
Climate & Sustainability

WFD:

MSc/PhD Co-advisor Program
MTL Seminar Series
Mini Technical Symposium
Professional Ed. Courses
Faculty Visits




MTL Newsletters

Research Highlights & Faculty News

MICROSYSTEMS
@® TECHNOLOGY
LABORATORIES

Microsystems Technology
Laboratories

news & updates

New program bolsters Workshop tackles a critical You’ve probably never heard
innovation in next-generation gap slowing the development of terahertz waves, but they
artificial intelligence hardware of new hardware technologies could change your life

Featured Story

Toward a stronger defense of Reasserting U.S. leadership in Giving bug-like bots a boost
personal data microelectronics

Virtual conference gathered students, faculty,
and industry partners to explore the future of
microsystems and nanotechnology.

MIT Future Founders Initiative Pushing the limits of Hardware error correction for

TO be Included |n Our malllng ||St please announces prize competition electronic circuits programmable photonics
send an email to ebgreen@mit.edu _—




2023 Deep Tech Career Fair

* 200+ students,
researcherF and begt\ciloc
attendees .

e Attendees ﬁ’r&t\with
representatives from
some member =
companies of |
MTL, MIT.nano, MIT
Center for Quantum

Engineering and the MIT
Al Hardware Program.




®
M A I 2 C 2 0 2 4 ® » KEYNOTE SPEAKER: TED LETAVIC, CORPORATE
° FELLOW AND SENIOR VICE PRESIDENT OF TECHNOLOGY

Microsystems Annual Research Conference INNOVATION, GLOBALFOUNDRIES

e PANELISTS:
« |ONUT RADU, SOITEC
« ERIKA BECHTOLD, UPNANO
« FREDRIK DAHLGREN, ERICSSON
« MICHAEL HAVERTY, APPLIED MATERIALS
« MICHAEL PERROTT, Tl
« DIRK PFEIFFER, IBM
NG
~~e_ESTHER JENG, IBM
« PAUL-FERGUSON, ADI
~
~
~ \“\
* 134 POSTERS ~_
~__ \~\ (\\\
« 263 Aﬁ'ENDEES INCLUDING .
“\i\\
. 27 INDUSTRY. GUESTS \\ > )



November 16, 2022

July 20, 2022

April 12, 2023 Integrated Photonics

® MICROSYSTEM:
® TECHNOLOGY
® LABORATORIES

(planning stages) Sustainability and Microelectronics



MTL Seminar Series in 2023

Tony Yen (ASML): “EUV Lithography: What’s Happening and What'’s Next” (March 9)
Sean Lie (cerebras): “Thinking Outside the Die: Trillion Transistor Chips for the ML
Accelerator of the Future” (March 16)

Austin Minnich (Caltech): Towards the fundamental limits of noise performance of
[1I-V high electron mobility transistor microwave amplifiers (March 23)

Steven Kos*er(SkyWater Technology): Microfabrication in Industry (April 20)

Nadim ChowdhuryW!T DDS): GaN Complementary Metal-oxide-semiconductor
(CMOS) Technology on Ga,N\ on-Si (May 18)

Ashwin Seshia (Cambridge Uﬁivensity) Vibrating beam MEMS accelerometers for
gravity anQ seismic measurements (August 29)

Murat Onerr{MIT) Devices and Algorlthms for Analog Deep Learning (September
14) — Joint with AIHW Program

Wenijie Lu (Analog Dewces) Al Transformation in Analog Systems (September 28) —
Joint with Al HW Program ~__

Vivek Dave (HARTING): lloT, Industry 4.0, and Industrial Machine Leammg a 25-year
retrospective, current lessons-learned, and future trajectories (October 5)

Gerold Schropfer (Lam Research): Improving Your Understa nding of Adva nced MEMS
Design Problems: Design and Simulation for Innovation, Better Rellablllty,
Manufacturing and Performance (October 19) .

Krishna Persaud (University of Manchester): Bioelectronic Noses — an emerglng field

100’s of seminars available online

(October 26) N )
Ali Khakifirooz (Intel): (November 9) for MIG members. Send email to
James Covington (University of Warwick): Digital Smell Recreation and Generation: eb reenmlt.edu for access

50 years of struggle (November 16)
John Rozen (IBM): Sustainable Compute for the Broad Al Era (November 30) — Joint
with Al HW Program




MTL Resume Site

MTL RESUMES

Manage Resumes

All Resumes A” ReSU mes

External Affiliation This site gathers professional information and resumes of active students and postdoctoral affiliates and fellows

School of Architecture and associated with the Microsystems Technology Laboratories. It has been created to facilitate the recruiting of
Planning

MTL’s students and postdocs by the companies that belong to the Microsystems Industrial Group (MIG) of MTL.

School of Engineering
N Bachelor of Science (SB)
School of Humanities, Arts,

and Social Sciences y
Pedro Acosta Cora Barrett
Sloan School of Management Advisor: David Perreault Advisor: William D. Oliver
% Interests: Batteries, Biological devices & Interests: Quantum devices

systems, BioMEMS, Electronic devices,
Electronics, Energy,...

School of Science .
Print this Profile {| Print this CV

Print this Profile {| Print this CV

Xavier Bell . Joseph Bonavia
Advisor: Vivienne Sze . 3 Advisor: David Perreault

Print this Profile =] Print this CV . Interests: Molecular & polymeric materials,
\ Nanomanufacturing, Organic materials, Thermal
structures,...

Print this Profile  [4] Print this CV

Bronwyn Busby Richard Chen S~
Advisor: Jorg Scholvin Advisor: Jing Kong =

Interests: Electronic devices, Electronics, : Print this Profile { Print this CV
Nanomaterials, Nanotechnology, Systems

Print this Profile {| Print this CV

322 resumes from 14 academic depart/m/entg



MTL Grand Challenge —
The Digital Nose Project
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Other on-going projects...

 Large initiative on Microelectronics for Health Care

. Co- W6fkinq Space

« K-12. Mlcroelectron/cs Education
. TEDx at MTL on the Future of Microelectronics (April 2024)

. M/croelectron/cs @ MIT Day to celebrate 40t anniversary of MTL
(Oct. or Nov. 2024)

* Professional Educatlon In fﬁ"i\GﬂrQ\electronics‘"‘*\ _

« Master Agreement with MIG comeéhies\



Microsystems Technology
Laboratories @ MIT

Powering the next wave of
microelectronics innovation

together!






