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Tahoe Reno Industrial Center (TRI) 

• TESLA Gigafactory: https://www.tesla.com/gigafactory

• Apple data center: 

• https://www.datacenters.com/apple-inc-reno

• https://www.usatoday.com/story/tech/2017/05/10/apple-announces-1-billion-data-center-expansion-east-reno/101533480/

• Google data center 

• https://www.rgj.com/story/money/business/2019/07/31/google-massive-reno-nevada-facility-rising-high-desert/1871965001/

• NCAR : https://www.rgj.com/story/money/business/2019/07/31/google-massive-reno-nevada-facility-rising-high-desert/1871965001/

http://tahoereno.com/wp-content/uploads/2011/11/TRI-ICON-Map2.jpg
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https://www.usatoday.com/story/tech/2017/05/10/apple-announces-1-billion-data-center-expansion-east-reno/101533480/
https://www.rgj.com/story/money/business/2019/07/31/google-massive-reno-nevada-facility-rising-high-desert/1871965001/
https://www.rgj.com/story/money/business/2019/07/31/google-massive-reno-nevada-facility-rising-high-desert/1871965001/
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ELECTRICAL & BIOMEDICA ENGINEERING
Associate Professor Jeongwon Park

Research Areas:

• Semiconductors and nanofabrications

• IoT sensors and sensor networks

• Quantum information and science (QIS)

• Nano-scale 2-D materials, nanowires, and quantum dots

• Biomedical devices (wearable, deep brain stimulation, etc.)

Research Achievements and Impact:

• Funded research grants from governments and industry (over $10M) 
• H-index of 26, and cited more than 5300 times
• Senior Member of IEEE, Professional Engineer
• 6 US patents and 94 peer-reviewed papers in high-impact journals
• Contributed to high-impact research projects in nanotechnology at the 

University of Nevada Reno, University of Ottawa, SLAC National Accelerator 
Laboratory, Stanford University, Lawrence Berkeley National Laboratory, 
University of California, San Diego, and Applied Materials, Inc.

Jeongwon Park, Ph.D. P.Eng.

Ph.D., University of California, 

San Diego, 2008

Topics: semiconductors, 

nanoelectronics, sensors, and 

nanotechnology

E-mail: jepark@unr.edu



Wilfred Gomes, Intel Corporation, 2022 IEDM Short Course



Ecosystem of semiconductors 

Electronic Components and Systems, Strategic Research and Innovation Agenda 2022



Materials to Systems in Semiconductor Manufacturing and Beyond

Om Nalamasu, Applied Materials, 2021 Symposium on VLSI Technology Digest of Technical Papers



Source: Intel investor meeting 2022

Transistor 2003-2025 evolution: From 2D Equivalent scaling to 3D Power scaling

THE INTERNATIONAL ROADMAP FOR DEVICES AND SYSTEMS: 2022



https://www.tomshardware.com/news/imec-reveals-sub-1nm-transistor-roadmap-3d-stacked-cmos-20-plans



Daewon Ha, Samsung Electronics, IEDM 2022

Design Technology Co-Optimization (DTCO), System Technology Co-Optimization (STCO)



Agenda
• Introduction

• Semiconductor R&D Trends

• Transistor Scaling 

• 2D Materials and Devices

• Negative Capacitance FETs

• Brief Introduction of Other Research Areas in My Group
• Wide-Bandgap Semiconductors

• Wireless Power Transfer

• Brain-Computer Interface

• Challenges and Prospects



Introducing 2D materials

Ajayan, Kim, Banerjee - Physics Today (2016)



• MX2 with M = Mo, W,Re,…
X = S, Se, Te

• Well documented in the bulk
Wilson and Yoffe Adv. Phys. 1969

•In this talk:  
Semiconducting MX2 only

M. Chhowalla et al., Nat. Chem. 5, 263 (2013)

XM

c

a

1L

X

• Trigonal prismatic phase
• 2Hc-MX2 (AbA,BaB stacking)
→MoS2, MoSe2, WS2, WSe2, MoTe2

Introducing Transition Metal Dichalcogenides

M

Stéphane BERCIAUD, IPCMS, Université de Strasbourg and CNRS, New Frontiers in 2D materials Winter school/Workshop  Villard de Lans, January 16, 2017



Building van der Waals 

heterostructures 



Hybrid systems and heterostructures

Y. Liu et al., Nature Review Materials doi: 10.1038/natrevmats.2016.42
Stéphane BERCIAUD, IPCMS, Université de Strasbourg and CNRS, New Frontiers in 2D materials 
Winter school/Workshop  Villard de Lans, January 16, 2017





(Nature) Scientific Reports, 12, 761 (2022) 

https://www.nature.com/articles/s41598-021-04740-4


(Nature) Scientific Reports, 12, 16085 (2022) 

https://www.nature.com/articles/s41598-022-20531-x
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Capacitors in generic NCFET structure 

The quantum-, trap-, s/d geometrical-, and depletion- induced capacitors are designated as CQ, Ctrap, Cs/d,geo, and Cdep, respectively. 

The capacitance of the NC and oxide layers is represented by CNC and COX, respectively. However, the influence of fringing 

capacitance, Cfrin,s/d-g, on channel potential regulation is irrelevant as it is screened by power rails. 

W. Cao and K. Banerjee, “Is negative capacitance FET a steep-slope logic switch?,” Nat. Commun., vol. 11, no. 1, pp. 1–8, 2020. 



Schematic device structures of the NCFETs reported in experimental works

(a) The FE layer is directly contacted with the channel materials; (b) A dielectric layer is used as a buffer layer and 

capacitance matching layer between the ferroelectric layer and the channel materials; (c) A metal electrode is 

inserted between the ferroelectric and dielectric layer; (d) A FE capacitor is externally connected with the 

conventional FET with a dielectric layer.  



Negative Capacitance Field Effect Transistor (NCFET) 

(a) Circuit representation of a Negative 

Capacitance Field Effect Transistor 

(NCFET). 

(b) Energy versus charge behavior of a 

typical NCFET. 

(c) Schematic illustration of the 

ferroelectric polarization P(t) as a 

function of the ferroelectric voltage 

(VF), 

(d) Ferroelectric capacitor polarization-

voltage hysteresis showing energy 

landscapes at various positions, and 

(e) effect of NC performance on the 

subthreshold slope.

(c)

(d) (e)

(a) (b)

ISLAM et al.: CURRENT PROSPECTS AND CHALLENGES IN NCFETs ,  IEEE Journal of Electronic Device Society (2023) 



(a) Illustration of the two stable locations of a core Zr4+ or Ti4+ ion in a PZT crystal [23]. (b) A typical ferroelectric 

hysteresis curve (PE loop), depicting the essential features of remnant polarization and coercive field. (c) Ferroelectric 

P(E) behavior showing negative slope in the region where P and E are in opposite directions. 

PZT crystal Structure and  a typical ferroelectric hysteresis curve

ISLAM et al.: CURRENT PROSPECTS AND CHALLENGES IN NCFETs ,  IEEE Journal of Electronic Device Society (2023) 



(c) (d) (e)

-3

(b)(a)

The negative capacitance characteristic of a typical FE (PZT) material. 

(a) The FE free energy vs. applied charge (W-Q) 

relation. 
(b) The charge-voltage characteristics (Q-V) are 

obtained from (a) 

(c) An illustration of a ferroelectric layer's domain 
arrangements. Monodomain, two-domain, and 

multidomain states are shown from top to 
bottom [30]. 

(d) FE monodomain samples where polarization (P) 

and surface charges induce depolarization field 
(E) are shown. (middle) Formation of the 

periodic domain structure with the up/down 
oriented polarization and (bottom) the FE 
sample with short-circuited electrodes vanishes 

the depolarization field. As a result, the 
monodomain structure with uniform polarization 

is formed again [31]. 
(e) The normalized energy and polarization states 

of the ferroelectric (orange) capacitor as a 

function of the normalized driving charge. The 
equilibrium charge and energy of the 

monodomain short-circuited capacitor are 
represented by Q0 and W0, respectively. The 
dashed line demonstrates the unstable energy 

of the monodomain state. The red curve depicts 
the energy of a stable two-domain state [30]. 

ISLAM et al.: CURRENT PROSPECTS AND CHALLENGES IN NCFETs ,  IEEE Journal of Electronic Device Society (2023) 



Examples of negative-capacitance-based device characteristics

ISLAM et al.: CURRENT PROSPECTS AND CHALLENGES IN NCFETs ,  IEEE Journal of Electronic Device Society (2023) 



(a) Dependence of the polarization on the internal field and applied field in the PbTiO3 film [93]. 

(b) Equivalent circuit of Vint measurement in FE/DE system. RF and RP are the insulating resistance of the FE- and DE capacitors, 

respectively. Note that a high impedance system is required to obtain the accurate Vint [94]. 

(c) Vint-V characteristics during V sweeping of FE/DE system, Vint jump occur along with VF drop at VF= ~±Vc [94]. 

(d)  Benchmark of SS values of some reported NC FETs [84].

Examples of NCFET characteristics

ISLAM et al.: CURRENT PROSPECTS AND CHALLENGES IN NCFETs ,  IEEE Journal of Electronic Device Society (2023) 



Examples of negative-capacitance-based device structures 

a) metal-ferroelectric-metal-insulator-semiconductor (MFMIS) 

and the metal-ferroelectric-insulator-semiconductor (MFIS) 

configurations[26], b) schematic cross-section view of a 

NCFET with high-k buried oxide (BOX) over a degenerately 

doped Si ground plane[28], c) a physics-based model for 

ferroelectric/negative capacitance transistors 

(FEFETs/NCFETs) that does not include an interlayer metal 

between the ferroelectric and dielectric in the gate stack[31], 

d) negative capacitance in a thin epitaxial ferroelectric layer 

was observed where the voltage across the ferroelectric 

capacitor is discovered to be lowering with time when a 

voltage pulse is applied[27], e) MOSFETs with ferroelectric 

gate stacks were used to investigate the effects of negative 

capacitance on various device properties[29], f) an all spin 

logic device with voltage controlled magnetic anisotropy 

(VCMA-ASL) that uses negative capacitance (NC) effect as 

an unique technique to increase the VCMA effect[34], g) gate-

all-around negative capacitance transistor (GAA-NCFET)[35], 

h) double-gate metal-ferroelectric-insulator-semiconductor 

NCFETs using a 2-D semiconducting transition-metal-

dichalcogenide (TMD) channel[99], i) schematic of 

NCFET[37], j) negative-capacitance independent multi-gate 

FinFET (NC-IMG-FinFET)[38], k) schematic of nominal 

NCVT-FET[92], l) schematic of dual source negative 

capacitance GaSb/InGaAsSb/InAs heterostructure based 

vertical TFET[93], m) schematic of NCTFET[94], and n) 

schematic of ferroelectric NCTFET[95]. 



Our results have shown tremendous improvement in the current on–off ratio as well as the transconductance value that 
suppresses all the results found from other works performed until now. 

Using the TCAD Silvaco simulation



Subthreshold swing (SS): 18.9 mV/dec

ION/IOFF ratio: 1012

transconductance (gm) of 117 μS 

cut-off frequency (fT ) of 335 GHz 

Using the TCAD Silvaco simulation



Subthreshold swing (SS): 
17.37 mV/dec
ION/IOFF ratio: 1012

Using the TCAD Silvaco simulation



Subthreshold swing (SS): 
20.56 mV/dec
ION/IOFF ratio: 1011

Using the TCAD Silvaco simulation



(a) band diagram for OFF-state (Vg=0V and Vd=0.5V ), (b) band diagram for ON-state 
(Vg=1V and Vd=0.5V ).

Energy Band diagram of n-channel GAA nanowire Tunnel-FET 
along X-position

A. A. M. Mazumder, K. Hosen, M. S. Islam and J. Park, "Numerical Investigations of Nanowire Gate-All-Around Negative Capacitance GaAs/InN Tunnel FET," 
in IEEE Access, vol. 10, pp. 30323-30334, 2022, doi: 10.1109/ACCESS.2022.3159809.



The distribution profile of the current density and e-tunneling along with the position of channel 
length in different gate voltages for the nanowire GAA n-channel Tunnel-FET; (a) current density 
vs position along the channel, showing a maximum value of 1.8×107 A/m2 (b) e-Tunneling in 
logarithmic scale vs position along the channel showing the highest value of ≈10 38/cm3.

Distribution profile of the current density and e-tunneling 

A. A. M. Mazumder, K. Hosen, M. S. Islam and J. Park, "Numerical Investigations of Nanowire Gate-All-Around Negative Capacitance GaAs/InN Tunnel FET," 
in IEEE Access, vol. 10, pp. 30323-30334, 2022, doi: 10.1109/ACCESS.2022.3159809.



Transfer characteristics of the baseline NGAA Tunnel-FET (a) Ids vs Vg , showing a large saturation 
current of 17μA and a maximum ION/IOFF ratio of ≈1.132×109 at Vd=0.6V , and (b) log10 (Ids ) vs Vg curve 
by differing Vd , showing a low DIBL of 9.7 mV.

Transfer characteristics of the baseline NGAA Tunnel-FET 

A. A. M. Mazumder, K. Hosen, M. S. Islam and J. Park, "Numerical Investigations of Nanowire Gate-All-Around Negative Capacitance GaAs/InN Tunnel FET," 
in IEEE Access, vol. 10, pp. 30323-30334, 2022, doi: 10.1109/ACCESS.2022.3159809.



Transfer characteristics (Ids vs Vg ) of nanowire gate all around NC Tunnel-FET for various HZO 
thicknesses. At tFE=9 nm, the value of drain current is 135μA .

Transfer characteristics (Ids vs Vg )

A. A. M. Mazumder, K. Hosen, M. S. Islam and J. Park, "Numerical Investigations of Nanowire Gate-All-Around Negative Capacitance GaAs/InN Tunnel FET," 
in IEEE Access, vol. 10, pp. 30323-30334, 2022, doi: 10.1109/ACCESS.2022.3159809.



Performance evaluation of the proposed structure with and ferroelectric materials. The threshold 
voltage of the baseline structure is 0.85 V (Vt(TFET) ), whereas it reduces to 0.53 V (Vt(NCTFET) ) once 
the NC effect is introduced.

Threshold voltage of the baseline structure 

A. A. M. Mazumder, K. Hosen, M. S. Islam and J. Park, "Numerical Investigations of Nanowire Gate-All-Around Negative Capacitance GaAs/InN Tunnel FET," 
in IEEE Access, vol. 10, pp. 30323-30334, 2022, doi: 10.1109/ACCESS.2022.3159809.



Highlights
• A hybrid nanowire GAA NCTFET structure is demonstrated by combining the 

GaAs/InN baseline TFET and a ferroelectric layer (HZO) in the gate stack. 

• The use of large lattice-mismatched materials enables the staggered and 

broken bandgap alignment, and the GAA structure maintains better current 

conduction and carrier control capabilities of the device. 

• The GAA TFET channel architecture and ferroelectric gate insulator are 

adjusted to obtain the optimum band-to-band tunneling and potential 

amplification, therefore the highest ION/IOFF ratio of NCTFET is achieved.

• The proposed GaAs/InN nanowire gate all around NCTFET ameliorates the 

limitations of scaling down the transistor size and reduces power 

consumption. 

• Therefore, GaAs/InN nanowire GAA NCTFET creates a unique route for the 

ongoing advancement of the applicability of electronic devices, seems to be a 

viable option for an Internet of Things (IoT) technological platform.



Challenges of NCFETs 

• NCFET technology comes with an important side effect in which it increases 

the total capacitance of transistor, which can lead to reliability problems 

caused by IR-drop and voltage fluctuation during circuit’s operation. 

• At the same time, because NCFET technology enables circuits to operate at 

lower voltages, it is expected that other reliability problems, related to lifetime, 

to become much less because all the underlying aging mechanisms, such as 

negative bias temperature instability (BTI) and hot-carrier injection (HCI), 

strongly depend on the operating voltage.



Prospects of NCFETs 

• Because of the high need for low-power FET technology, NCFETs have 

received much attention since Salahuddin and Datta's work. 

• Although significant progress has been made in establishing the NC effects 

both theoretically and empirically, numerous obstacles remain before 

NCFETs can be used in genuine consumer devices. 

• Although NCFETs will open a new era of transistors to satisfy the demands of 

a new low-power switch, NCFET optimization and device physics will 

necessitate a thorough grasp of a wide range of applications.



❑ Negative-Capacitance Field-Effect Transistors: Behind the Origin and Challenges, Md. Sherajul 

Islam, Abdullah Al Mamun Mazumder, Changjian Zhou, Catherine Stampfl, Jeongwon Park, 

Cary Y. Yang,  IEEE Journal of Electronic Device Society (2023) DOI: 

10.1109/JEDS.2023.3267081 (Impact Factor: 2.523) 

❑ Numerical Investigations of Nanowire Gate-all-around Negative Capacitance GaAs/InN Tunnel 

FET, Abdullah Al Mamun Mazumder, Kamal Hosen, Md. Sherajul Islam, Jeongwon Park, 

IEEE Access, 10, 30323 (2022) (Impact Factor:  3.367)

❑ Dual Source Negative Capacitance GaSb/InGaAsSb/InAs Heterostructure Based Vertical 

TFET with Steep Subthreshold Swing and High On-Off Current Ratio, Sohag, Minhaz 

Uddin, Md Sherajul Islam, Kamal Hosen, Md Al Imran Fahim, Md Mosarof Hossain Sarkar, 

and Jeongwon Park, Results in Physics, 104796, (2021) (Impact Factor:  4.476) 
❑ Numerical Analysis of Gate-all-around HfO2/TiO2/HfO2 High-K Dielectric Based WSe2 

NCFET with Reduced Sub-threshold Swing and High On/Off Ratio, Kamal Hosen; Md. 

Sherajul Islam; Catherine Stampfl; Jeongwon Park, IEEE Access, 9, 116254 - 116264 

(2021) (Impact Factor:  3.367)

❑ HfO2/TiO2/HfO2 tri-layer high-K gate oxide based MoS2 negative capacitance FET with 

steep subthreshold swing, Md. Sherajul Islam , Shahrukh Sadman, A. S. M. Jannatul Islam, 

and Jeongwon Park, AIP Advances 10, 035202 (2020) (Impact Factor:  1.548) 

Recent Publications: NCFETs from our group

https://ieeexplore.ieee.org/document/10102668?fbclid=IwAR1JrCG43o8cnDq4qntft5GiZBq4AWxVGW0hk3DKgPkwcwRgc-xP0pF9SR4
https://ieeexplore.ieee.org/document/9736952?source=authoralert
https://doi.org/10.1016/j.rinp.2021.104796
https://ieeexplore.ieee.org/stamp/stamp.jsp?arnumber=9514875
https://ieeexplore.ieee.org/stamp/stamp.jsp?arnumber=9514875
https://doi.org/10.1063/1.5143939


Agenda
• Introduction

• Semiconductor R&D Trends

• Transistor Scaling 

• 2D Materials and Devices

• Negative Capacitance FETs

• Brief Introduction of Other Research Areas in My Group
• Wide-Bandgap Semiconductors

• Wireless Power Transfer

• Brain-Computer Interface

• Challenges and Prospects



47

Wireless Power Transfer
M

u
lt

is
ca

le IoT Systems

/ m

Isolated / 
underserved/

RadiativeInductive/Magnetic Resonance





(2020) 10:22050



SiC related works from our group (2020-2022)
1. Two-dimensioTwo-dimensional SiC/AlN based type-II van der Waals heterobilayer: A promising photocatalyst for 

overall water disassociation, Naim Ferdous, Md. Sherajul Islam, Jeshurun Biney, Catherine Stampfl & Jeongwon Park 

(Nature) Scientific Reports, 12, 20106 (2022) (Impact Factor: 4.996)

2. Temperature and interlayer coupling induced thermal transport across graphene/2D-SiC van der Waals heterostructure, 

Md. Sherajul Islam, Imon Mia, A. S. M. Jannatul Islam, Catherine Stampfl, and  Jeongwon Park (Nature) Scientific 

Reports, 12, 761 (2022) https://www.nature.com/articles/s41598-021-04740-4 (Impact Factor: 4.996)

3. Superior tunable photocatalytic properties for water splitting in two- dimensional GeC/SiC van der Waals hetero-

bilayers, Islam, Md, Abu Farzan Mitul, Md Mojumder, Rayid Hasan, A. S. M. Islam, Catherine Stampfl, and Jeongwon 

Park, (Nature) Scientific Reports, 11.1, 1-14 (2021) https://www.nature.com/articles/s41598-021-97251-1 (Impact 

Factor: 4.996)

4. Exceptional In-Plane and Interfacial Thermal Conductivity in Graphene/2D-SiC van der Waals Heterostructure, Md. 

Sherajul Islam, Imon Mia, Shihab Ahammed, Catherine Stampfl and Jeongwon Park, (Nature) Scientific Reports, 10, 

22050 (2020) https://www.nature.com/articles/s41598-020-78472-2 (Impact Factor: 4.996)

5. Germanene/2D-SiC van der Waals heterobilayer: structural features and tunable electronic properties, Md Sherajul 

Islam, Md. Rayid Hasan Mojumder; Naim Ferdous; Jeongwon Park, Materials Today Communications, 101718 

(2020) https://doi.org/10.1016/j.mtcomm.2020.101718 (Impact Factor: 2.678) 

6. Lateral and flexural thermal transport in stanene/2D-SiC van der Waals heterostructure, Shihab Ahammed, Md. Sherajul 

Islam, Imon Mia, Jeongwon Park, Nanotechnology, 31, 505702 (2020) https://doi.org/10.1088/1361-6528/abb491 

(Impact Factor 3.399)

https://www.nature.com/articles/s41598-022-24663-y
https://www.nature.com/articles/s41598-021-04740-4
https://www.nature.com/articles/s41598-021-04740-4
https://www.nature.com/articles/s41598-021-04740-4
https://www.nature.com/articles/s41598-021-97251-1
https://www.nature.com/articles/s41598-021-97251-1
https://www.nature.com/articles/s41598-020-78472-2
https://www.nature.com/articles/s41598-020-78472-2
https://www.nature.com/articles/s41598-020-78472-2
https://doi.org/10.1016/j.mtcomm.2020.101718
https://doi.org/10.1016/j.mtcomm.2020.101718
https://doi.org/10.1016/j.mtcomm.2020.101718
https://doi.org/10.1088/1361-6528/abb491
https://doi.org/10.1088/1361-6528/abb491




https://raksha-anirveda.com/a-perspective-on-neuromorphic-computing/

(Source: S. Ravindran, “Infographic: Brain-like 
computers provide more computer power.”).

Power dissipation of 
neuromorphic and conventional 
hardware with respect to the 
human brain

Note the power consumed by state-of-the-art 
supercomputing chips is orders of magnitude 
higher than neuromorphic computing chips



What Is Neuromorphic Computing?

Schuman, C.D., Kulkarni, S.R., Parsa, M. et al. Opportunities for neuromorphic computing algorithms and applications. Nat 
Comput Sci 2, 10–19 (2022). https://doi.org/10.1038/s43588-021-00184-y



Emerging Memristive Artificial Synapses and Neurons for Energy‐Efficient 

Neuromorphic Computing

Advanced Materials, Volume: 32, Issue: 51, First published: 01 October 2020, DOI: (10.1002/adma.202004659) 



Schuman, C.D., Kulkarni, S.R., Parsa, M. et al. Opportunities for 
neuromorphic computing algorithms and applications. Nat Comput Sci 2, 
10–19 (2022). https://doi.org/10.1038/s43588-021-00184-y

Opportunity for full compute stack co-design in neuromorphic computers



Challenges of Neuromorphic Computing

While neuromorphic computing has the potential to revolutionize applications of artificial intelligence, data 

analysis and even our understanding of human cognition, its development faces several challenges.

• Has no standard benchmarks for performance assessment

• Limited hardware and software availability

• Difficult to learn and apply

• Reduced precision and accuracy in comparison to similar neural networks

No Benchmarks or Standardization

• Because neuromorphic computing is still a relatively new technology, there are no standard benchmarks 

for it, making it difficult to assess its performance and prove its efficacy outside of a research lab. 

• The lack of standardized architectures and software interfaces for neuromorphic computing can also make 

it difficult to share applications and results. 

• However, there is a “big push” among academic and industry leaders to change this.





Recurrent Neural Networks to Model Neural Dynamics 
and Decode Intended Saccades in Prefrontal Cortex

Alireza Rouzitalab

• The Recorded Area in Brain
• The Behavioural Task



Rouzitalab et al., 2023, Cell Reports 42, 112449 
May 30, 2023 
https://doi.org/10.1016/j.celrep.2023.112449 



Siraj Ahmed et al., Scientific Reports, 12, 21469 (2022) 

https://www.nature.com/articles/s41598-022-25454-1.pdf
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Future Research
• Integrating PFC in BCI Studies

• Advancing the PD Treatment

• Neuro Cognitive Communicator

• Synergistic utilization of multiple cortical areas

• Triggered Deep Brain Stimulation (DBS)

• Effects of Modulations On Symptoms

• Therapeutic Closed Loop BCI for PD

A. Rouzitalab, C. B. Boulay, J. Park, J. C. Martinez-Trujillo, and A. J. Sachs, “Ensembles code for associative learning in 

the primate lateral prefrontal cortex”, Cell Reports, vol. 42, no. 5, May 2023, doi: 10.1016/j.celrep.2023.112449.
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