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Artificial and Electronic Skin

Two Major functions of skin:

✓ Protection  (Mechanical, chemical, UV irradiation, water loss, etc)

✓ Sensation   (pressure and temperature, etc)

Stratum corneum (SC)

Corneocyte

(‘Brick’)
Lipids

(‘Mortar’)



Existing materials to mimic dermis-epidermis bilayer

Hydrogel-elastomer hybrid

Flaws:

✓ Low structural similarity and stability

✓ Low water permeability

✓ Difficult to make complex electronic devices

Polymer film-Inorganic 
materials (Graphene oxide, etc)

Nat. Commun. 2016, 7, 12080

ACS Nano 2018, 2, 1062–1073



Our polymer design

M. Zhang, etc. Adv Sci. 2024, 11, 2309006
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Preparation

In situ Growth of Porous Polymer Films from Hydrogel Surface
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Mechanistic insights
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Surface patterning
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Thickness control of porous polymer film
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Nanoparticle size: ~300 nm

A). Polymerization time



B). Crosslinker concentration 
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C). Multi-layer
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Hydrogel substrate scope
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Function

A) Water loss control

B) TENG sensor

C) Electronic skin by integrating 
a temperature and pressure sensor into hydrogel bilayer

D) Actuator



A)     Water loss control

One protection function of epidermis: Protection against excess water loss

M. Zhang, etc. Adv Sci. 2024, 11, 2309006
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B)     TENG (triboelectric nanogenerator) sensor



Typical TENG signals

Stability Pressure sensing



C)   Electronic skin by integrating a sensor into hydrogel bilayer

Collaboration with 
Prof. Wenlong Cheng (Monash)
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Polymer film 
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Structural characterization of integrated E-skin 
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D)  Actuator

Mold 

coverage

APS solution 70 °C, NIPAM solution

H2O

After cooling

1 cm

M. Zhang, H, Shen, etc. Small. Under revision



Bending/unbending with temperature changing 



Grasp Release
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In Water In Oil

In open-air

Poster 42:
Haokun Shen



Summary
• A simple in situ process to grow porous polymer films from hydrogel surfaces through 

interfacial precipitation polymerization, which resembles the dermis-epidermis bilayer 
structure of skin

• Porous polymer films to mimic interlocked corneocytes in epidermis

• Functional mimicry of human skin: protection of water loss, TENG sensing, built-
in AuNW sensors, and actuation
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