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Burst Prediction in Biological Neural Networks Using Dynamic Connectivity Metrics
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nuwxn (Multi-Electrode Arrays - MEA) N1T1MDP78 12730 12 7V NIZTINN N17i7'0D717 0111 NN
MY NIMXIAann” 2w 1nyvam Nin 178 NN 2w 002120 01I7a8NN TAN D230 NID1190 N'7nwn nwa
N{7'M1TN N12N 11211070 19182 01 03171 72 21 1900 DNAaw 0N 1n1 maizn - (Network Bursts)
N1"7{7 N12'¥/N N17V21 11207112 NN 1702 'T0 NKR NTNN 17MTNT 2R DTXIaNnn? NNTZY DMenn
1T NWA7 NWAY VIND DT D719 .0"N1A NININ R0 7V O7Pa7an 0'97nn 11'N2 N121VR N1N181 1133 ,N10
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0'02 7y, (Network Bursts)nmninmi Ning1 N17wa w1a N2 N'0Tin N2IVN NING RN D7an Nbn
7Y Ni7"N1TN NN 1907 ,07790 V17N NINIR T12W2 ONMI1IZN 1NNa 0'ITID0N .N1NM7 NI2NN N177n
Node 11m2) 087130 NN DINNA OTTTA 18701, N12117%8718 NMIRR NINTIDD NYNAND 1RT 1IRZ DN
111210 NNTT N ATION 27TIN a7 (Features) 0amannd wnwt 128 0"n1'T 0'11R .(Efficiency-1 Degree
NN TAIN AT 11702 1277 DIXIAND NN N 077N

D'TNY1 0N |
nTmM? .(Graph Theory) 0'@1an NNINND 0221 PIN .0"R11Y 11 021V NINT .O0M211771 DININ 71w
JIT'N 2710 WINT DDA DI0N 117N ,RDRTA 01IMaND V12N 1131270
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Development and assessment of tools for automated neuron tracing
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Machine Learning - Driven ldentification of Gut Microbiome Keystone Species for Personalized
Antiblotic Recovery
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NINITTT 077N N1'017J1N] 0O Y219 7V191 IN,0"INNAa 07 TN 2 NNITTINY TV N7D1DIND 719D
TINDNT NIPEINDND OMVYN] 071N OMTININDZTN NT'O1Z]IN 2117 213790 NIV 0110702 NN
D1"21N7'N NTNIVARA V1A OMNYY IN D708 1NN NANRZNN 1RT INNY 1TNINTZZ 111N 'R 21780
.DD'2117 102 N1 N1ANIN NN N1WA N1 2121V NVISn? NN RINND 01M0IN 2190 N1ajpyya
niawn "2yl 0MrIniIR I - "Keystone species” 0y ,N1NNN NIMIZIPR NIDIVAY7 NN1TA,01M1N7'NA
NN Y1221 019011 01102 NV1Ia2 N12N7 217V ON2 Y11 ,NIIVNA TTIO 21270 OMINNAN N2 NIZ7R
D'7TIN NIN'™AA1,'01MWIR 219700 0'aa1n "Keystone species” 11'aN1 TPNNMA N1 DA 217NN 1IRNDNT
.D1MNMPMN 7Y 2191 NN 01787 NN NINRNDTN N1TD1NS IN NTNNTN NTMDIDON 12117 OMIwn
N1N'a1 NI'MNT O1MN7 NV1IAaN 0187 2 071NV 112N IWAR 1211 VTN OV 0171010 "WTR 78 N17'win
DN NNRNIN ANIAN

pmMan ninon |

N1120 NT'MY 100120 07TIN NNAZ1 NZWIRIN 219100 owiain (keystone species) 0™y 0110 NINTY
.NY19 Y 011Y 0701 N21VN1A 'NNAann 'Rl 11NN 011N7'N0N 2 1N 0177 120 2190 11117

0'Tn21 0N |
077N 2 MIANDA 1N 171IN] NN TIAW -
719D INNY O1MN7'NN 78 NIYWPINDNT QYA TN 1187 D110 DTN DDA MDD 0701 wINW -
ADTTDIN
DUINPN MAWN L, T TTN training/test/validation=7 ni717n 7712 ,0ma1w'n 017710 "IN N2WN -
.17220 1M
2VYN2 01N 070 N1 07N 12 07 10T 01NN 2w NTIZ1PN DNINwY NN -
NIVNNNI D17217'N 017" N1MPIDON NNRNN 7V RIT1 NN NNNRNINN NR19IN 01NN NI nawn -
7019 IN 07019 NN
.DTNN NINMA 2V NP2 177901 'WNn 017177 212101 012N -
"2 DMIPPI NYISN INNY 017w NT2np nawe Keystone species 7712 NN 121781 DI -
.01m

6 TNy | 24.8.2026 :N12TIVND N0


mailto:porath188@gmail.com
mailto:orr.levy@biu.ac.il

2026-2027 | 1"apn O'TIN7N NIY | DDA 1707

BioEngineering 11 D118 190N

WNN D117 N2 NN ANVUN 11TA 1N 0721770 71287
Eating Microbes.: How Food Shapes Gut Microbiome Stability
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N7 PP 1T NQN ORN 11N271,11T02 1NPNRY D1MNZM7 077111 72 N nawnn N NNa7
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.DW7T2IN 22 DIMNMPZTMN 201, 11TRNN NZR1INZNN
D'TNY1 0N |
NN 7@ DTNIIARDA YT MANNDT D1NPZTNM 1N ,N31TN IR 2210, 0 YT DINPn 12 17w
AINIXT 1T NINWITA O™IN DN 7101 NN T

Food 112 ,0'wTN 0NN D'TTA NINAT AT 1IN DIMN7M DNNWIT 12 (17T DN, N12W TR 210N
11T TPNY DIMNMPM2 N nawn 1INmz ,Microbiome Exposure

JUNN DN NN 1127 N3N IMAND 12 0P D777 01Do™D0o 01701 wIinw

NPT NN NNTN 1IANA 0101 7Y D17 N1AWNT 1TN7 N11270 NTNM2 NP1 winw
.712WN N2V NN 177901 DTN 011777 N13ID

1IN NZRINZM N7 DINYZ DMPY D11 DTN 12 19INN1T 1T 72 01N awinn nian
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Remote Optical Sensing of Forearm Muscles for Finger Movement Recognition in Robotic Arm
Control.
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Building testing setup for cerebral blood flow optical measurement system
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Analyzing neural activity from neurites
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Discovery and Characterization of Novel Transcript Isoforms in Renal Cell Carcinoma Using Long - Read
Single- Cell RNA-seq

1NN D19
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70777 NN "9119 N/ MTPR D/ININR / nTavnn N/UN
tomer.kalisky@gmail.com N TAVNN N/WNI 2”N1T
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ARIYAAN |
We have recently generated long -read single - cell RNA- seq datasets from Renal Cell Carcinoma (RCC) patients,
combining 10x Genomics and Oxford Nanopore Technologies (ONT). Very few such datasets currently exist, making this
resource unique and highly valuab le.
Long-read sequencing allows direct observation of full - length transcript isoforms, enabling the detection of novel
splicing events that may be missed in short -read data. Identifying isoforms specific to RCC could reveal tumor - specific
RNA processing patter ns and molecular mechanisms, potential biomarkers, or therapeutic targets.

The project requires approximately half a day per week of in - person presence at the lab, with additional remote
computational work as needed.

References:
High throughput single cell long -read sequencing analyses of same - cell genotypes and phenotypes in human tumors
https://doi.org/10.1038/s41467-023- 398137

IsoTools: a flexible workflow for long -read transcriptome sequencing analysis
https://academic.oup.com/bioinformatics/article/39/6/btad364/7189737 \

Predicting Splicing from Primary Sequence with Deep Learning
https://doi.org/10.1016/j.cell.2018.12.015

OpenSpliceAl: An efficient, modular implementation of SpliceAl  enabling easy retraining on non -human species
https://elifesciences.org/reviewed - preprints/107454v2

pmMan ninon |

(1) Identify and quantify novel transcript isoforms unique to RCC. (2) Compare isoform expression with publicly available
datasets from normal kidney and nuclei from kidney tumors (when available). (3) Investigate the origins and
mechanisms regulating thes e splicing changes using Al - based tools for sequence feature analysis.

D'TNY1 0N |
Stage 1- Transcript Quantification and Novel Isoform Detection
1.Align long reads from our lab's RCC datasets to a reference genome using ONT and other command- line tools.
2.Quantify transcripts and identify putative novel isoforms.

3.Benchmark results by comparison with normal kidney and tumor nuclei datasets.

Stage 2 — Al-Based Splicing Analysis (high-risk, high - gain)
1.Use SpliceAl or similar models to predict the effects of genomic sequence features on splicing patterns.

2.Relate predicted splicing regulatory elements to observed isoform changes in RCC.
3.Explore additional regulatory mechanisms and relevance to tumor subtype.

*Expected Deliverables*
A reproducible bioinformatics workflow for long  -read single- cell isoform analysis.

A catalog of RCC - specific novel isoforms with expression quantification.
Comparative analysis results between RCC and reference datasets.

Preliminary Al -based predictions on splicing regulation in RCC.
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*Methodology*
Next - generation sequencing (NGS) data processing and analysis.

Statistical inference for significance testing and confidence estimation.
Application of machine learning approaches for classification, prediction, and feature selection.

*Software:*
Linux- based computational environment.

Utilization of established bioinformatics software packages where appropriate.
Machine learning libraries.
Statistical analysis packages (e.g., Bioconductor).

*Programming languages:*
Bash scripting for workflow automation in Linux.

Python for data analysis, machine learning, and pipeline integration.

R for statistical analysis, visualization, and bioinformatics workflows.
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Co- Scientist: Al partner to accelerate research

1NN D19

Rachela Popovtzer :N7Nn NNINN OW
rachela.popovtzer@biu.ac.il :nNNINN 7'N1T

AN 1N T N/ MTPN D/RINN/ DTAvnn /e
chentsror@gmail.com :NT1YNN N/WNI 2’N1T

Rachela Popovtzer :N710 NNINN O | 43 D8 1900 :1'Tn7 & 0ipmMY
DN NPIND DUININ NN 02370 | 1R 10T ATwnn /UK

DAz v |
,0NNND NNIY T2 Al TIN2 wNNPN2 1N 01 TR 17NN YNINN 12 191NN IN NIRN NTI1INYD N1l
nayx Al for Science n112nN ,NT 01NN .N2N 101N NN YINAZ1 020710 00197 NINTZ 10" NINNIN 1Ay
JN191-120 170NN Na1NNN NIN'a 170N NN MINN 19181 NI

pi71an nion |
RN IPNAY NINZNN VINAY1 NIZ0N 7007 N'WTR N1NAa01 O"I1'0 07101 NNiY 210100 Al 1210 nina
.N112N NT'MY 721 na Y TIN NIYNAND

0'Tn71 o'nen |

Large Language Models (LLMs)
Al Agents
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CRISPR- Al for Gene Editing Design
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Advanced Al tools

14Ty | 24.8.2026 :N12TIVND N0


mailto:rachela.popovtzer@biu.ac.il
mailto:chentsror@gmail.com

2026-2027 | 1"apn O'TIN7N NIY | DDA 1707

BioEngineering 45 1DP11Aa 190N

191N N221n? 0'p7yw2n-111 22 02N 11100 — Nanomedicine
Program Nanoparticles to Find Disease
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Advanced Al tools
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High - Fidelity ML - Based Audio Reconstruction from Rolling Shutter Laser Speckle Acoustic Sensing
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Our lab's novel method uses a low -cost rolling shutter CMOS camera to capture vibrating laser speckle patterns and
reconstruct biological signals like heartbeat, lung sounds, and speech through correlation - based signal processing.
While deep learning model s have improved audio reconstruction, the overall quality of the reconstruction remains
insufficient.

pmMan ninon |

In this work, we aim to enhance both the signal quality, and ~ advance our reconstruction ability via the latest state - of-
the - art models and architectures. The metrics that will reflect the improved performance are improved SISNR, SDR,
and STOI compared to the baselines.

0'Tn71 o'nen |
Rolling Shutter, Laser Speckle, Acoustic Sensing, Deep Learning, Generative Al
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Development of a Network - Based Mathematical Model of Brain Dynamics and Functional
Connectivity.
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Interfacing lon - Based Integrated Circuits with On - Chip Neurons
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Machine learning and brain MR/ radiomics for predicting surgical outcomes in patients with brain
tumors
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Characterizing Alternative Polyadenylation (APA) in kidney tumors using single - cell RNA- seq
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Utilizing deep learning algorithms on genomic maps from cancer tissues to uncover cell  -cell
Interactions.
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Using deep learning for decoding brain states from EEG recordings of brain activity
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Computational Characterization of the Tumor Microenvironment in Cancer Organoids Using Spatial
Genomics
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Machine learning for identifying dynamic brain states from electrical brain activity recordings with
high spatial and temporal resolution
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N1 1212 NN

NN
1. Michel, C. M., & Koenig, T. (2018). EEG microstates as a tool for studying the temporal dynamics of whole - brain
neuronal networks: A review. Neurolmage, 180, 577 -593.
2. Hutchison, R. M., Womelsdorf, T., Gati, J. S., Everling, S., & Menon, R. S. (2013). Restingtate networks show dynamic
functional connectivity in awake humans and anesthetized macaques. Human Brain Mapping, 34(9), 2154  -2177.
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Optical non - invasive time multiplexed multichannel cerebral blood flow measurement
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fNIRS- Based Brain—- Computer Interface for Decoding Words
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Functional near -infrared spectroscopy (fNIRS ) is a noninvasive, portable neuroimaging technique that measures
cortical hemodynamic responses (changes in oxy - and deoxy - hemoglobin) during mental tasks. fNIRS has been used to
implement simple brain —computer interfaces (BCls) for communication. For exa mple, fNIRS-based systems have
enabled locked - in patients to answer yes/no questions by performing different mental tasks (e.g. mental arithmetic vs.
relaxation), achieving high binary classification accuracies. More recently, researchers have begun exploring semanti c
decoding: for instance, Ryba ngt al. (2025) recorded simultaneous EEG and fNIRS while subjects silently named objects
(animals vs. tools) and showed that fNIRS signals contain information distinguishing these conceptual categories.
However, fNIRS faces challenges: the hemodynamic response is slow and spatially coarse, and signals vary widely
across subjects. These limitations mean that decoding arbitrary words (colors, numbers, phrases, etc.) from fNIRS is
difficult. Nonetheless, the potential imp act is high: a successful fNIRS “speller” could restore communication for patients
who cannot use speech or motor systems. In summary, fNIRS  offers a safe, affordable way to monitor brain activity
during reading tasks, and prior work suggests it can support at least binary or simple semantic decoding. This project
aims to push this toward decoding specific read words.

pmMan ninon |

The goal is to develop an fNIRS - based system that predicts which word a person is silently reading. We will focus on a
small vocabulary and use state - of-the - art models and methods to classify the fNIRS  signals. The expected deliverables
are to set up an experimental protocol and dataset of fNIRS recordings labeled with the read words. Then, train an ML
model that maps fNIRS time -series to word labels, including an evaluation of performance.

D'TNY1 0N |
fNIRS & EEG, Brain Signal Processing, Semantic Decoding, Deep Learning, Brain- Computer Interfaces (BCl)
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Our lab's novel method uses a low -cost rolling shutter CMOS camera to capture vibrating laser speckle patterns and
reconstruct biological signals like heartbeat, lung sounds, and speech through correlation - based signal processing.
While deep learning model s have improved audio reconstruction, the overall quality of the reconstruction remains
insufficient.

pmMan ninon |

In this work, we aim to enhance both the signal quality, and ~ advance our reconstruction ability via the latest state - of-
the - art models and architectures. The metrics that will reflect the improved performance are improved SISNR, SDR,
and STOI compared to the baselines.

0'Tn71 o'nen |
Signal Processing, Deep Learning, Al
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Kidney injury and repair modeling and analysis
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We will learn how Computational methods can be applied to study critical processes in the Kidney. Gene regulatory
networks (GRNs) can be modeled as constrained Abstract Boolean Networks (CABNs ) and analyzed with the Reasoning
Engine for Interaction Networks (RE:IN), whose underlying reasoning engine is itself SMT  -based . We will also evaluare
Al methods to help identify new biological data and speed up the methods

6 Gerber, Y., et al. “Reasoning About Monotonic Regulation Conditions for Boolean Gene Regulatory Networks: An
Algorithmic Approach.” IEEE BIBM, 2025, Wuhan, China. DOI: 10.1109/BIBM66473.2025.11356159
https://ieeexplore.ieee.org/document/11356159

0 Yordanov, B, Dunn, S.J., Gravill, C., Arora, H., Kugler, H., Wintersteiger, C.M. “The Reasoning Engine: A Satisfiability

Modulo Theories - Based Framework for Reasoning About Discrete Biological Models.” Journal of Computational
Biology, 30(9), 2023. https://pubmed.ncbi.nim.nih.gov/37733940/

0 Eitan Tannenbaum, Dana Markiewitz, Tomer Kalisky, Hillel Kugler Characterizing Gene Regulatory Network
Ensembles in Kidney Injury and Repair

ACM BCB 2025

pmMan ninon |
Learn new computational methods to model the kidney

0'Tn71 o'nen |
Computational Moeling of Gene networks
Using and developing state of the art solvers
Undertsanding how to help the kidnet repair after Injury
Al methods in Biology
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Spatial Mapping and Computational Modeling of Gene Regulatory Networks in Kidney Disease
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Acute Kidney Injury (AKI) triggers an intrinsic repair process in the kidney that can either restore normal function or
result in maladaptive repair, characterized by the persistence of FR -PTCs. These FRPTCs exhibit an aberrant
transcriptional landscape, marked by the loss of normal proximal tubule transcription factors (TFs) like Hnf4a and Maf,
and the upregulation of injury -associated TFs such as KIf6, Creb5, and NF kB family members (Rela, Nfkb1).

The kidney has a highly structured physical anatomy, and the proximal tubule is segmented (S1, S2, and S3). The S3
segment, located in the outer stripe of the outer medulla (OSOM), is particularly sensitive to ischemic injury. While

single- nucleus transcri ptomics tells us what gene regulatory networks are changing, it strips cells of their spatial
coordinates. By inferring a core gene regulatory network (GRN) from multiomic data and evaluating the activity of
specific TF regulons directly onto spatial transcriptomics spots, we can physically map where maladaptive repair

dominates and how the local tissue microenvironment influences cell fate. Spatial transcriptomics combines molecular
measurements with histological tissue images, requiring computational image processing and spatial analysis to

accurately relate gene regulatory activity to tissue architecture.

This project combines GRN inference, spatial transcriptomics, and computational image analysis. Using single -nucleus
multiomic and spatial transcriptomic datasets, students will infer the core GRNs governing FR -PTCs and map the
spatial activity of transcri ption factor regulons across kidney tissue sections. Complementing this, students will use
computational simulation models such as dyngen and sRACIPE to identify stable cellular states and perform in silico
gene perturbations. Depending on project progress, the developed computational pipeline may also be applied to renal

cell carcinoma (RCC) datasets. The project provides hands -on experience with spat ial transcriptomics, computational
image processing, systems biology, and network analysis.

The project requires approximately half a day per week of in - person presence at the lab, with additional remote
computational work as needed.

References:
Multimodal spatial transcriptomic characterization of mouse kidney injury and repair - PMC
https://pmc.ncbi.nim.nih.gov/articles/PMC12354736/#Sec2

Functional characterization of somatic mutations in cancer using network - based inference of protein activity | Nature
Genetics

https://www.nature.com/articles/ng.3593

RACIPE: a computational tool for modeling gene regulatory circuits using randomization | BMC Systems Biology |
Springer Nature Link

https://link.springer.com/article/10.1186/s12918 - 018- 0594- 6

pmMan ninon |
(1) Infer a highly confident core GRN distinguishing healthy proximal tubule cells from FR - PTCs using a single- nucleus
multiomic dataset. (2) Calculate cell -specific TF regulon activity scores and project these scores onto provided spatial
transcriptomics data. Analyze the spatial distribution of key healthy (Hnf4a, Maf) and maladaptive (Relb , Nfkb1)
regulons, statistically comparing their physical dependence on kidney anatomy. (3) Identify robust mathematical steady
states corresponding to adaptive and maladaptive phenotypes and pinpoint master transcription factors capable of
destabilizing t he FR-PTC state.

D'TNY1 0N |

Stage 1- GRN Inference: Utilize snRNA -seq and snATAC- seq data to extract a core GRN topology.

Stage 2 — Spatial Transcriptomics & Image Analysis: Process spatial transcriptomics slides and associated histological
images. Calculate localized regulon activity and integrate it with tissue architecture using computational image
analysis.

Stage 3 — Spatial Analysis: Correlate the spatial activity of TFs like Nfkb1 or Relb with specific anatomical locations.
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Stage 3 — Attractor Mapping & Perturbation: Input the GRN of selected regulons observed in previous stages into
SRACIPEto solve stochastic ODEs over time. Systematically perform in - silico knockouts to find targets that move the
cells from state to state.

Expected Deliverables:

A concise computational pipeline integrating multiomic network inference with spatial transcriptomics data.
Spatial maps of the kidney highlighting the localized physical activity of healthy and maladaptive regulons.
Quantification of the physical dependence of specific GRN activities on kidney anatomical regions.

A prioritized list of highly impactful transcription factors for potential therapeutic targeting.

Methods:

Single- nucleus multiomics integration and Gene Regulatory Network (GRN) extraction.

Spatial transcriptomics processing, histological image analysis, tissue segmentation, spatial clustering, and geospatial
mapping.

Non - linear dynamics analysis of ODEs using mathematical randomization techniques.

Dimensionality reduction (PCA, UMAP) and pseudo -time trajectory analysis.

Software:
Linux-based computational environment.
Python - based spatial transcriptomics and single - cell frameworks (e.g., Scanpy, Squidpy, scikit -image, SCENIC+).

R-based bioinformatic packages for regulon activity (e.g., VIPER) and spatial visualization (e.g., Seurat/Giotto).
SRACIPE (R package/C++ engine for random circuit perturbation).
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3D printed photonic crystal with a full bandgap
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Monte Carlo
Fabrication Tolerance
Yield Analysis
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Optimization
Statistical Analysis
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Beam Splitters
Interferometers

Silicon Photonics
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Laboratory Automation
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Instrument Control
Motion Control
Fiber Optics
Optical Characterization
Optimization Algorithms
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Inverse Design
Optimization

Adjoint Methods

Tidy3D

Silicon Photonics

Python

Electromagnetic Simulation
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Inverse Design
Fabrication Constraints
Optimization

Tidy3D

Silicon Photonics
Python

Yield Optimization
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Modern optical systems are increasingly moving from bulky refractive assemblies toward
,compact, planar nanophotonic components: metalenses, beam splitters, polarizers, gratings
,spectral filters, and resonant metasurfaces. These devices offer large reductions in size, weight
and alignment complexity, but their performance is often strongly temperature dependent. The
same subwavelength resonances that enable compact wavefront control also make the
amplitude, phase, polarization response, and spectral position sensitive to thermo-optic changes
in the constituent materials. In high-Q resonators and quasi-BIC metasurfaces, even small
thermal gradients can detune the optical response; in spaceborne and other thermally harsh
environments, larger temperature excursions can shift even lower-Q components enough to
degrade imaging, sensing, filtering, or beam-control performance. Space optical telescopes, for
example, are known to experience extreme hot/cold conditions that can deform optical
Structures and degrade optical performance, requiring extensive thermal analysis and control

Di71an n1on |

The proposed opportunity is to develop passively temperature-invariant metasurfaces: flat
optical components whose optical function remains stable across large temperature ranges
.without active heaters, coolers, or continuous recalibration

D'TN71 0N |
metasurfaces, optical antennas, Mie-resonators, thermo optic effects
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,Conventional dielectric metasurfaces typically exhibit broadband spectral and angular responses
as their individual elements inherently possess broadband characteristics with weak nearZield
coupling between adjacent resonators. In contrast, nonlocal metasurfaces leverage collective
electromagnetic interactions to achieve narrow spectral and angular selectivity, but often
introduce polarization dependence arising from structural asymmetry. In this project we wish to

demonstrate a uniform and polarizationZnsensitive metasurface that overcomes this typical
tradeff by deliberately combining local and nonlocal optical responses within a single platform
pmMan ninon |
Simultaneous engineering of metasurface angular and spectral responses
0'Tn71 o'nen |
metasurfaces, Mie-resonators, local and non-local response, angular dispersion
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Nanoscale optical structures provide powerful ways to control the propagation of light. By
carefully designing structures with dimensions comparable to or smaller than the optical
wavelength, it is possible to control properties such as the phase, amplitude, polarization, and

.direction of an optical beam

An especially interesting class of devices consists of active nanoscale structures, whose optical
response can be dynamically modified using an external electrical, optical, thermal, or mechanical
,signal. Such structures can enable tunable lenses, beam steering, dynamic wavefront control

.optical switching, and reconfigurable optical systems

Numerical simulation plays an important role in the development of these devices because their
behavior depends strongly on geometry, material properties, wavelength, and the physical

.mechanism used for tuning

pmMan ninon |

The goal of the project is to numerically design and investigate active nanoscale optical
structures for dynamic manipulation of light. The student will first study how individual
nanoscale optical elements interact with light and how their geometry determines their optical
response. Numerical electromagnetic simulations will then be used to investigate arrays of such
elements and their ability to control an optical wavefront. The project will subsequently
introduce an active tuning mechanism and investigate how changing the optical properties of
the structure can dynamically modify the transmitted or reflected light. Depending on the
selected device, the student may design a tunable lens, beam-steering element, optical switch, or

.another dynamically reconfigurable optical component

Interaction of light with nanoscale structures
Fundamentals of nanophotonics

Numerical electromagnetic simulations

Optical resonances in nanoscale structures
Control of optical phase and amplitude
Manipulation of optical wavefronts

Design of arrays of nanoscale optical elements
Active and tunable optical materials

Electrical, thermal, or optical tuning mechanisms
Dynamic beam steering and focusing

Tunable and reconfigurable optical devices
Optimization of nanoscale structures

Analysis of device efficiency and operating bandwidth
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* SystemVerilog
* Universal Verification Methodology (UVM)
* Verification Planning
« Constrained Random Verification
* Functional Coverage
* Assertions (SVA)
* Scoreboards and Reference Models
* Verification Metrics
* Digital Arithmetic Architectures
* Al Hardware Fundamentals
* RTL Verification Flow
* Debug and Coverage Closure
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Q- CORE: A Hardware Accelerator for Post - Quantum Cryptography
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The Tsetlin Machine is a machine learning model based on Boolean logic and interpretable decision rules. This project
will examine how different types of noise, different noise levels, and model parameters affect its performance. Students
will build an experimental e nvironment, perform runs on several datasets, and analyze the impact of parameters such
as the number of clauses, T -value, and the ratio of clean to noisy examples during training.

pMan ninon |
The goal of the project is to evaluate and improve the robustness of the model in noisy data environments.

0'Tn71 o'nen |
Machine Learning
Tsetlin Machine
Python Programming
Data Analysis
Hyperparameter Optimization
Noise Injection and Robustness Testing
Experimental Design
Performance Evaluation and Visualization
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Power Reduction, Synthesis , System Verilog , System Architecture

pi71an ninon |

Develop and validate Glitch reduction mechanisms to significantly reduce power consumption without degrading
processing performance.

0'Tn71 o'nen |

Advanced Al hardware architecture, low - power VLSI design, clockless pipelining analysis, design verification and
RTL2GDS flow
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Deep neural networks on edge devices are limited by the energy cost of moving data between memory and compute,
the "von Neumann bottleneck." Processing -in- Memory (PiM) addresses this by computing inside the memory array
itself. Existing PiM approaches trade off density, endurance, and accuracy: resistive memory suffers from device
variability, SRAM -based PiM has large bitcells, and Binary Neural Networks (BNNs) save area but lose accuracy. Ternary
Neural Networks (TNNs) add a zero weight lev el and recover most of that lost accuracy while staying multiplier - free.
Implementing TNNs in memory is hard because a signed ternary product needs both charging and discharging paths on
the same bitline , which creates contention. This project builds on Gain - Cell eDRAM (GC-eDRAM), a dense, CMOS-
compatible memory technology with decoupled read/write ports, to solve this problem without modifying the memory
array itself.

pi71an ninon |
To design and evaluate GC - TNN, an in-memory ternary neural network accelerator built on unmodified 3T GC -eDRAM
cells. The project decomposes the signed ternary dot product into two non -negative population -count "legs" (positive
and negative), resolved by a single analog comparator instead of a calibrated reference voltage. The goalisend  -to-end
in-memory executio n (hidden layers, batch normalization, and output classification) with a compatibility mode for
standard BNN inference on the same hardware, calibrated against measurements from a fabricated 16nm FinFET GC -
eDRAM test chip.

D'TN71 0N |
Processing-in- Memory (PiM) and Processing - using- Memory architectures
Gain- Cell eDRAM circuit design and operation (3T bitcell, read/write ports, retention/refresh)
Binary and Ternary Neural Network quantization schemes
Analog comparator / sense amplifier design for in  -memory sensing
Time-to - digital conversion for signed score readout
Circuit simulation and evaluation using Cadence Virtuoso (post  -layout, process variation)
Hardware - software co - design and accelerator benchmarking against SOTA (TiM -DNN, TAIM, CUTIE, XNOR- SRAM)

74Ty | 24.8.2026 :N12TIVND N0


mailto:harariy4@biu.ac.il
mailto:leonid.yavits@biu.ac.il

2026-2027 | 1"apn O'TIN7N NIY | DDA 1707

D317 712V NIMP7 TY 1DRINION 11727 00120 NMINIT NANY NN NIND
A Radjation - Hardened Processing - in- CAM BNN Accelerator for Satellites

1NN D19

Yuval Harary :N7N0 NNInn Oy

harariyA@biu.ac.il :NNINN 2"N1T

Leonid Yavits :N/"DTN N/'NINN / NTAVRN /RN
leonid.yavits@biu.ac.il :NTAYNN N/WNI 7'NIT

Yuval Harary :N7D0 NNINN QY | 27 DA 1900 'TN27 ' D1pmM2
DN RN DN V12N 07270 | Leonid Yavits :NTAVYNN N/WN

pPay vin |
Edge Al on satellites in Low Earth Orbit (LEO) must operate under a harsh radiation environment: trapped protons and
electrons, galactic cosmic rays, and solar particle events cause both single -event effects (bit flips from a single particle
strike) and to tal ionizing dose (TID) damage that accumulates over the mission. Processing -in- CAM accelerators, which
map binary neural network (BNN) computation directly onto content - addressable memory (CAM) via XNOR and
analog population count, are attractive for sate llite - borne inference because they combine memory and compute in
one array. However, it was not previously known how radiation affects such analog in -memory compute architectures,
specifically whether the main risk is corrupted stored weights (like in a normal memory) or degradation of the analog
sensing circuitry itself. This project builds on PIC -NDM and HardCAM, two previously fabricated 65nm CAM designs
from the lab, to characterize this gap using both real irradiation measurements and modeling.

pi71an ninon |

To characterize and model how heavy -ion radiation, total ionizing dose, and proton exposure affect HardCNN |, a 65nm
processing-in- CAM binary CNN accelerator for satellite -based natural disaster detection. The project separates

radiation effects into two evaluation vectors: degradation of the analog matchline - discharge sensing circuit (driven by
TID), and bit flips in the stored CAM weights (driven by single - event effects and TID -induced memory aging), then
evaluates their combined effect on inference accuracy, power, and mission lifetime. A key goal is to tes t whether the
accelerator's configurable voltage architecture can be used forin - situ recalibration after radiation exposure, and to
identify the dominant failure mechanism limiting mission lifetime in LEO.

0'Tn71 o'nen |
Processing-in- Memory using Content - Addressable Memory (CAM) for binary neural networks
Binary Convolutional Neural Network (BCNN) architecture: XNOR, popcount, batch -norm folding
Radiation effects on silicon circuits: single -event upset/multi - cell upset, total ionizing dose, displacement damage
Space radiation environment modeling (Van Allen belts, galactic cosmic rays, solar particle events)
Fault-injection methodology for evaluating neural network hardware robustness
Analog sense-amplifier and matchline circuit design under process/radiation variation
Silicon test - chip irradiation methodology (heavy -ion beam testing)
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Integration of a Retention Indicator into Large - Scale GG eDRAM Arrays
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GC-eDRAM memories offer high density and CMOS compatibility, but require refresh due to data leakage over time,
integrating an existing retention indicator into large GC  -eDRAM arrays to enable early detection of data degradation.

pMan ninon |

implement and evaluate an existing retention indicator within large -scale GG eDRAM arrays for early detection of data
degradation

D'TN71 0N |

GC-eDRAM memory arrays, data retention time, leakage mechanisms, refresh operation, circuit -level simulation,
Monte - Carlo analysis, and array - level integration.
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GC-eDRAM retention indicators require supporting peripheral circuits to operate correctly within a memory array.
designing and implementing the required peripheral circuitry to control, read, and interface with the indicator.

pMan ninon |

design and implement peripheral circuits that enable proper control, readout, and integration of a GC -eDRAM
retention indicator within GC -eDRAM arrays.

D'TN71 0N |

GC- eDRAM operation, retention indicators, peripheral circuit design, control signals, readout circuits, timing analysis,
circuit - level simulation, and memory - array integration.
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Process comparison of the performance of a Spiking Neural network
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In recent years Artificial Neural Networks (ANN) have reached maturity, and Al is becoming a technology used
everywhere. ChatGPT , Bard and Bing have vast distribution and ANN farms are growing exponentially. The ANN
attempts to mimic the human brain as closely as possible to achieve the best possible computing power. As the brain
signals are analog and spiky by nature the next step for Artificial Neural Networks is to implement Analog Spiking
Neural networks (SNN).The aim of this project is to implement a SNN which is competitive with recent state -of-the -
art publications and compare performance in 3 major process nodes : 180nm,65nm,28nm.

pMan ninon |

In this project you will compare key design parameters between 3 designs done in 180nm,65nm and 28nm processes.
The design will be based on an implementation done in 28nm and 180nm of a highly compact matrix of Analog Spiking
Neurons and Synapses that comb ined implements a full Analog Spiking Neural network. The Neuron implementation
will include the design of a switched - cap integrator and a comparator with a precise programable threshold (see figure
below). The Neurons and Synapses will be combined to impl ement a full 2 layer Analog Spiking Neural network. You
will need to learn the theory and then implement the circuit in 65nm CMOS and compare performance to designs
implemented already in 28nm and 180nm. The design includes both analog and digital blocks, which will al low you to
develop skills in both.

D'Tn21 0N |

In this project the student will be exposed to the implementation in 28nm and taking this implementation as a baseline
, design a full Analog Spiking Neural Network in 65nm. The student will then compare key performance parameters
between the 28nm/65nm and 180nm implemetations . The implementation will be done using digital and analog
techniques. The schematics will be prepared in  Virtuoso and simulated.
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Extension and investigation of a cache system for a RISC -V core
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n711000 .(Wireless Power Transfer on Chip) 12w 7y nb1n?R 1IN NN2VNA 701V DT DRPMA
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JIDVNN WINT JV NTNIVARD nvayn Ny

N1Y18n T12W N1T'N 7 2173 1901 7V N00IANN NTTINT N¥NN NPPLIN nnnta Cerebras n1an
I17N71 NNAY? 0DMPaNnn ,nwW21non N2o0a1 Cerebras SDK-2 win'w nwyt Di711an N1I0NA .217na
T8 NONINY N 101N NY2 1T 1070128 1Y nddn
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1971 O'NNNY 1N TN 11027 ,0711Y OMNMAZN 1NNt ,Cerebras 7w N1idnn 77N NN 1TRY' 0'DITID0N
718111 NTI2Y N7170 197 NIDW 1102 D7'NAN NNI0NA .WTN 21270 21N 27T1IR 112V O/ OWINTm
.DWINTINT 2NN NIZWT 2V 1NVapn NN 1IN, N2R1I01MN NNNRINN 1ARYN

0'Tn71 o'nen |

NTIAY DTV NIN'A N2'2021 N110N ,0"AWNN NNDPZDINI NI1PY ,NTN1INY NIJN 12 WP AwNn Nian
.OININ NI2NY NIJIN NARNNT,OWINT NN AW210'0 70 0V
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High - Linearity CMOS Differential Pairs.: Design and Comparison
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pPay vin |
CMOS differential pairs are fundamental building blocks in analog integrated circuits and are widely used in amplifiers,
filters, data converters and sensor interfaces. One of their main limitations is their restricted linear input range. As the
differenti al input voltage increases, the circuit exhibits nonlinear behavior, resulting in distortion and reduced circuit
performance. Several techniques have been proposed to improve linearity. However, these techniques are often
evaluated using different CMOS tec hnologies, supply voltages, bias and loading conditions, and different definitions of
linearity, making a fair direct comparison difficult.

pMan ninon |

In this project, you will design and compare several high -linearity differential - pair circuits. A conventional differential
pair will be used as a reference, followed by two or more techniques selected from the literature. All circuits will be
designed in the same CMOS technology and tested under the same operating conditions. The results will also be
compared with a new circuit currently being developed by the research group.

D'TN71 0N |

You will study the selected techniques and implement them using Cadence Virtuoso. DC, AC and transient simulations
will be used to compare linear range, transconductance, gain, bandwidth and power consumption. PVT and Monte
Carlo simulations will also be ¢ onducted to verify the circuit performance. The project will provide practical experience
in analog IC design and performance optimization. The successful completion of the project may contribute to an
academic publication.
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NUNIND W20 VTN T1IAWY INWNIDIA NDzva
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NIDVN 7 NR2IN'01 217N ,0"31712 07 07390 ,R"1T D0I1AN 21N L,1'70X NI10N ,N1101N NT'NY
D1IRTN 21N NNDZUIAN 111001, N1M217210

86 TNy | 24.8.2026 :N12TIVND N0


mailto:Noa.edri@biu.ac.il
mailto:alexander.fish@biu.ac.il

2026-2027 | 1"apn O'TIN7N NIY | DDA 1707

ON1NN 072171 NTINA 3 OV 01197 ONITIND
3 Phase Switched Capacitor BGREF
N'N1n LA
N7 12 N NZDN nNInn oy
or.bendaniel@gmail.com :nNINN 7’N1T

1Y 017 1109119 N/ TN N/ININR / NTAVRN D/ER
joseph.shor@biu.ac.il :NTAVYNN N/YNI 7'NIT

7R11T ]2 1IN IN70N NNINN O | 48 D14 120N 'Tn7 w1 D17
DN RN DININ NI NZ270 | 1R 1011 1109118 (:NTAVRN N/WND

DAz v |

Modern digital SoCs require sub -1V bgrefs with minimal area and power consumption.

Standard current - mode topologies are highly sensitive to device mismatches and 1/f noise from the error amplifier and
current mirrors.

The proposed project is based on a switched - capacitor current - mode topology.

This topology reduces circuit area by utilizing a single current source with time -interleaving. Additionaly, it uses an auto
zero error amplifier which eliminates missmatch and noise.

pMan ninon |
Design and simulate a sub - 1V, switched- capacitor based BGREF with high sensitivity to device mismatches.
0'Tn71 o'nen |

-bandgap ref
- switched capacitor amplifier
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The current implementation of the DRAM Bender platform restricts the data written to the DUT DRAM such that it is
composed of 16 duplications of the same pattern. In order to  utilize the platform as an h/w accelerator, a capability to
write arbitrary data should be added. This will require a modification of the ISA of the controller embedded in the
platform, as well as the s/w on the host PC.
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Processing using DRAM (PuD) paradigm, DRAM Bender Platform, RISC ISA architecture, FPGA
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