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@ MIT Lincoln Laboratory

| MIT Lincoln Laboratory is a federally funded research and development center (FFRDC)
that

= applies advanced technology to problems of national security

= provides research and development activities focus on long-term technology develop( Air. Missile. & Maritime

= provides rapid system prototyping and demonstration. — Defense
These efforts are aligned within key mission areas among 8 research divisions » Homeland Protection

———r—— « Cyber Security

 Communication Systems
Program Groups

= Engineerin
— Chemical, Microsystem, and Nanoscale Technologies (Group 81) ‘-"'"'--. A[fgancgd '?Ech nology
— Laser Technology and Applications (Group B2) « Space Control
— Radio Frequency Technology (Group 86) « Intelligence, Surveillance
— Advanced Imager Technology (Group 87) & Reconnaissance

— Quantum Information and Integrated Nanosystems (Group 83)
Laboratory Facilities

— Microelectronics Lab (silicon), Compound Semiconductor, Electronic packaging, Microsystems
Integration, Optical coatings & fabrication, ...
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Microelectronics Laboratory’s Position in the
]%[ Silicon Fabrication Community

Universities

o « Unresiriciad matarials Microelectronics
—— and processes
'-E = Limited integration and
— circuit complexity i
>
9
Lo
i =
o
]
S Industry
$ ¢ Highly restricted
@ " materials and processes
E + = Xnm featurs sizes
= Billions of davices on chip
>
Feature scaling / transistor count / process maturity
Microelectronies Laboratory is the most advanced Si-based fab facility in the country
dedicated to supporting the research and development needs of the Government
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@ Unique Focal Plane Technology in Support of
- National Security and Science Missions

Charged Coupled Davices (CCDs) for
« Highast sensitivity and lowast
noise
*  Visible, near infrared, ultraviolat,
and soft X-ray
- Applications for ground, air, and
Epaca

Geiger-Mode Avalanche Photodiodes Space Surveillance

{GM -APDs)
Moiseless photon counting for low
light and high speed imaging
= photon arrival time-stamps for
active ladar and 3D imaging

: ' .prld's_.Large‘Elf
E { ¥ Focal Plane

Digital Focal Plane Array (DFFPA)
+  n=pixel computation and inters
pixel data communication
« image processing at the focal
plane

P Chahdra DaD Satellites
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l%l MIT LL Reconfigurable Circuit
Development for Relmagine

DARPA Reconfigurable Imaging Griffin FPIA 14nm Design
(Relmagine) Program 3D Sensor Architecture

Lis

-

S iy r—— -
as . i :
e Laga

i E ( I

e migaans ||| B

"
[EENN

— e — « Largest IC ever developed within the DoD
* Submitted for fabrication May 2018
Timr 3 Wayeband Epectic Delector Ay Industry . 6.6 Billion transistors
Toar 3 Detactor Specfic Analag Interface Industry
= Recanfgurabie Cegnal Cincutt wih s * 320 mm? chip area in a 14-nm FinFET process

Irtegrated FRGA Procassing

9 km internal wiring
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IE] Fully Depleted Silicon-on-Insulator CMOS

* 90-nm FDSOI CMOS on 200-mm-diameter wafers

= Specialized process variants optimized for very-low-power subthreshold operation,
high-performance mixed-signal and RF applications, and extreme environment
(eryogenic, high-temperature, and radiation) operation

« Enabler for 2.5D and 3D heterogeneously integrated microsystems

g n
m o oo
A =

SO0M transistor FDSOI CMOS resdout integrated cincuit, A0-imtegrated FOS0 CMOS cimu,
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]%[ Superconducting Digital Integrated Circuits

* MIT Lincoln Laboratory has developed the world's most advanced single-flux-quantum

(SFQ) integrated circuit process.

* This research foundry capability enables prototyping of advanced SFQ circuite along
with flip-chip packaging on superconducting multi-chip modules

* All low temperature, “back end” metallization processing. Circuits operate at 4K or lower

ikl redigtor

High-kinetic-indutiance layer

50 qm

Prictemricrogranh of supereonducting smgle-flus-quertum (SFD) shift-register
mitagrated circut {abricated at Lincoin Laborabory
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Superconducting Electronics Application Domains

Dlgltal Electronics

Digital circuits have been
pursued since the early 1950s

* Increasing interest in both
high-performance computing
and control circuit applications

* Poised for significant progress
in the next 5 — 10 years

RF Electronics

* Extremely small RF electrical
- | _ resistance enables very high
’Iﬂ','-"'a'ﬁ' i ‘ _ quality factor components

* Used in particle accelerators
and free electron lasers

T | = Maturation of fabrication
— processes can be leveraged to
image: IEEE Trans MTT (2000)- 28619 expand use in RF applications

Quantum Computing

« Superconducting quantum bits
(qubits) are a leading candidate
for gquantum computation (QC)

* Dominant QC approach pursued
by commercial companies

* Superconducting electronics are
also being pursued for qubit
control and readout

Detectors and Sensors
* Used in scientific, astronomy

1IIIIIIIIIIIII and metrology applications
it » Voltage standard and high-
' sensitivity magnetometers
hl

T Broadband optical detectors and
unlque energy resolution in the
image: NIST single photon domain
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Eﬁ?[ Control Electronics for Superconducting Devices

Superconducting Detector Arrays

MIT Lincoln Laboralory
Existing 4x4 element array of
Superconducting Nanowire
Single Photon Detectors
(SNSPDs)

NASA Goddard & NIST _'_'_E
Existing Bx& pixel
Transition Edge Sensor

MIT LL superconducting electronics fabrication
paired with existing circuit design could enable
multi-kilopixel detector arrays

IARPA Quantum Enhanced Optimization (QEQ)
and Logical Qubit (LogiQ) Programs

MIT Lincoln Laboratory MIT LL & UI'C Berkelay
30 Integrated Superconducting Traveling-Wave Parametric
Qubit Platform Amplifier (TWPA)

MIT LL mglti-layer MIT LL superconducting
superconducting electronics is electronics fabrication
critical to achieving the required process enables multi-GHz
D density for quantum bandwidth, near-guantum-
annealing systems limited amplification

Advances in superconductor electronics at MIT Lincoln
Laboratory are enabling unique quantum systems
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@I Technologies for 3D Integration of Superconducting Qubits

3D Superconducting Chip Stack Diagram

. Through-
T}.:Jll substrate
] vias (TSVs)
— el
Interposer I Superconducting bumps
_;EE
Routing

3D Superconducting Chip Stack Image
i uit chip S
Interposer

by

Routing Layer

N
W

Traveling Wave R
Parametric Amplifiers \\
(TWPASs)

3D integration approaches are being developed to support required
connectivity to qubits while maintaining high coherence
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]fﬁg[ Traveling-wave Parametric Amplifier (TWPA)
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TWPA. devices fabricated at MIT Lincoln Laboratory are supporting R&D at
many universities, companies and Government laboratories

*+ Narrow-band Josephson
parametric amplifiers first
demonstrated in late 1980s

« Traveling-wave parametric
amplifiers offer broadband,
quantum-limited noise
performance

— >4 GHz bandwidth
— 400 mK noise temperature

+ Leverages unique multi-layer
superconducting Nb

fabrication process at MIT
Lincoln Laboratory

i 3
Aot s MY £ Macklin ef al., Sclence 350, 307 (2015
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]%[ GaN HEMTs on Silicon

* The metallization is gold free and patterned by etching instead of

liftoff to be fully CMOS compatible. :‘:
* High-performance HEMTs show the maximum drive current of 1 -
mA/mm and the peak transconductance exceeding 400 mS/mm. g i
* The breakdown voltage is approximately 90 V with 1 pm gate to o
drain spacing. W
* Good processing control enabled the fabrication of the HEMT 0
showing a tight distribution of f; and f.,, values. Such high yield !
and good uniformity is essential for delivering low-cost large-size
GaN circuits.
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GaN buffer 150 nm

2 channel ki 8

“AlGaN heterostructure Y 3 v
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@[ Photonic Integrated Circuits (PICs)

Component Information

* Low waveguide losses and state-of-the-art
component performance

* Sidevice library focused on
telecommunication wavelengths (1550 nm)

* SiNx device library covering a variety of -
wavejengths from 600 nm to =1600 nm Optical micrscope image of namowband optical fiter fabricated in

* (Gold-free metallization and CMOS- oo
compatible fabrication of all components
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]%[ Microhydraulic Actuator Development

During operation electrodes are sequentially turned on, pulling
the drops and the droplet array by electrowetting action

Potential Applications
* Arctuators for efficient and scaled micro-robotics

= Artificial muscle-like matenal for flight control surfaces on unmanned aerial
vehicle, exoskeleton, and artificial limb systems

* Micromotors and shape-change materials for scaled optical systems, such
as gimbals, adaptive optics, and beam-steering systems
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@ Partnering with Lincoln Laboratory

* Federal Government
— MIT LL is a DoD FFRDC operated under a cost-reimbursement, no-fee agreement
— Federal Government sponsors utilize this blanket Air Force contract
— For non-DoD USG sponsors, this requires an Interagency Agreement (lAA)

= Small Business and Industry
— Cooperative Research and Development Agreements (CRADASs)
— Technology Transfer Agreements (TTAs)
— SBIRs & STTRs
— Test Agreements (TAs)

* Academia, Not-for-Profits, State & Local Governments
— Collaboration Agreements (CAs)
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