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Modulation:
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Silicon nanowires used as photo-stimulators:

Parameswaran et al. Nature nanotechnology (2018) Fang et al. Nano letters (2018)
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Rotenberg et al. Nano letters (2020)

Intracellular optoelectronic modulation
Cell-Si hybrid dividing SiNW



Intracellular optoelectronic modulation

Rotenberg et al. Nano letters (2020)
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Subcellular stimulation within 3D tissues

State of the art:

Sub-cellular resolution

Intra-volumetric access

3D culture 2D culture



E-Scaffold fabrication
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Hathot N., Assaf T. et al. Materials Today Bio (2025) 



Leadless Intracellular optical modulation in 3D

Hathot N., Assaf T. et al. Materials Today Bio (2025) 



What is the underlying mechanism?

Yitzhak-David and Rotenberg. Cell Reports Physical Science (2023)

Jiang et al. Nat Biomed Eng (2018) 
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Assaf T. et al. Under review. 



Calcium response to Optical Stimulation 
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Intracellular Calcium Velocity
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Calcium source is internal

Scale bars=20 µm , Fluo-4 AM- Calcium dye

Assaf T. et al. Under review. 



Calcium response:
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*- p − 𝑣𝑎𝑙𝑢𝑒 < 0.05
**- p − 𝑣𝑎𝑙𝑢𝑒 < 0.005
****- p − 𝑣𝑎𝑙𝑢𝑒 < 0.00001
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Assaf T. et al. Under review. 



Photoelectrochemical Formation of ROS

Assaf T. et al. Under review. 



Photoelectrochemical Formation of ROS

Assaf T. et al. Under review. 



Opto-electronic devices
Traditional p–n junction Porosity-based junction
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Optical Heart Pacing

Prominski, Shi, Li, Yue, Lin, Park, Tian, & Rotenberg, Nature Materials, 2022.



Exposed Sciatic nerve 
Optical modulation

Prominski, Shi, Li, Yue, Lin, Park, Tian, & Rotenberg, Nature Materials, 2022.



Can we use nanostructures to optically 
enhance penetration?

Cell Model- Cal33 cells, Head and neck squamous cell carcinoma

Prof. Yosi ShamayDana Nir



Silican nanostructure pentration into 
organoid
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Cal33 Cells are not affected by Si nanostructures
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PI penetration into organoid

PI+SiNW+Light

50 µm

PI+SiNW

50 µm

PI

50 µm



Conclusions

• We can employ different modulation to cell
• Photothermal (intrinsic)

• Optoelectronic (p-i-n)

• Oxidative (n-i-p)

• Sub cellular resolution

• Biocompatibility 

• Spontaneous internalization
• Cells

• Organoids



Our lab’s nano-Zoo

Nano- Echidna

Nano- ElephantNano- Duck

Nano- DinosaursNano- Horse
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