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Note S1. Fabrication process of SKINTRONICS.  

1.1 Fabrication of circuit 

1) Spin-coat PDMS (4:1 base-curing-agent ratio) on a Si wafer at 4000 RPM for 30 s.  

2) Oxygen plasma treatment on PDMS surface for 8 s.  

3) Spin-coat 1st polyimide layer (PI, PI-2610, HD MicroSystems) at 2000 RPM for 60 s.  

4) Soft bake at 100 °C for 5 min and hard bake at 250°C for 1 h.  

5) Deposit 0.5 µm thickness of Cu by sputtering.  

6) Spin-coat photoresist (PR, Microposit SC1813, MicroChem) at 3000 RPM for 30 s, and 

soft bake at 100°C for 5 min. Align with a photomask and expose UV light with intensity 

of 15 mJ/cm² for 12 s and develop with a developer (MF-319, MicroChem).  

7) Etch Cu with Cu etchant (APS-100, Transene) and remove remaining PR with acetone, 

rinse with IPA and DI water. 

8) Spin-coat 2nd PI layer (PI-2545, HD MicroSystems) at 2000 RPM for 60 s, and soft bake 

at 100°C for 5 min. Hard bake at 240 °C for 1 h in a vacuum oven.  

9) Spin-coat PR (AZ P4620, Integrated Micro Materials) at 2000 RPM for 30 sec, and soft 

bake at 90°C for 4 min. Photolithography exposing UV light with intensity of 15 mJ/cm² 

for 100 s. Develop with a developer (AZ-400K, Integrated Micro Materials) diluted with 

DI water (AZ-400K:DI water = 1:4).  

10) Etch for via hole with reactive ion etcher (RIE) at 200 W, 150 mTorr, and 20 sccm of 

oxygen for 15 min. Rinse with acetone, IPA, and DI water.  

11) Deposit 2 µm thickness of 2nd Cu by sputtering.  

12) Spin-coat PR (AZ P4620) at 1500 RPM for 30 s, and soft bake at 90°C for 4 min. 

Photolithography exposing UV light with intensity of 15 mJ/cm² for 120 s and develop.  

13) Etch exposed Cu with Cu etchant. Remove PR with acetone, and rinse with IPA and DI 

water. 

14) Spin-coat 3rd PI layer (PI-2610) at 3000 RPM for 60 s. Soft bake at 100°C for 5 min and 

hard bake at 240°C for 1 h in a vacuum oven. 

15) Spin-coat PR (AZ P4620) at 900 RPM for 30 sec, and soft bake at 90°C for 4 min. 

Photolithography exposing UV light with intensity of 15 mJ/cm² for 160 s and develop. 

16) Etch exposed PI with RIE at 200 W, 150 mTorr, and 20 sccm of oxygen for 30 min. 

Remove remaining PR with acetone, and rinse with IPA and DI water.  

17) Peel off the microfabricated circuit with water-soluble tape (ASWT-2, Aquasol) from the 

PDMS/Si wafer and put on a 1 mm thickness of silicone elastomer (1:2 mixture of Ecoflex 

00-30 and Gels, Smooth-On). Remove tape with DI water.  



18) Mount microchip components with screen-print low-temperature solder paste (alloy of 

Sn/Bi/Ag (42%/57.6%/0.4%), ChipQuik Inc.). Bake solder at 170 °C for 2 min. 

19) Download firmware and flash a device through program line connected to circuit with 

magnetic cubes. 

20) Etch exposed PI with reactive ion etcher (RIE) at 200 W, 150 mTorr, and 20 sccm of 

oxygen for 20 min. 

 

1.2 Fabrication of electrodes 

1) Spin-coat PDMS (4:1 base-curing-agent ratio) on a Si wafer at 4000 RPM for 30 s.  

2) Oxygen plasma treatment on PDMS surface for 8 s.  

3) Spin-coat 1st polyimide layer (PI-2610) at 2000 RPM for 60 s.  

4) Soft bake at 100 °C for 5 min and hard bake at 250°C for 1 h.  

5) Deposited Cr/Au by sputtering (5/200 nm).  

6) Spin-coat PR (SC1813) at 3000 RPM for 30 s, and soft bake at 100°C for 3 min. 

Photolithography exposing UV light with intensity of 15 mJ/cm² for 12 s and develop with 

a developer (MF-319).  

7) Etch Cr/Au by etchant (Chrome Mask Etchant 9030 and GE-8110, Transene) and remove 

remaining PR with acetone, rinse with IPA and DI water. 

8) Spin-coat 2nd PI layer (PI-2545) at 2000 RPM for 60 s, and soft bake at 100°C for 5 min. 

Hard bake at 240 °C for 3 h in a vacuum oven.  

9) Spin-coat PR (AZ P4620) at 2000 RPM for 30 sec, and soft bake at 90°C for 4 min. 

Photolithography with exposing UV light with intensity of 15 mJ/cm² for 100 s. Develop 

with a developer  

10) Etch exposed PI except protection layer with RIE at 200 W, 150 mTorr, and 20 sccm of 

oxygen for 15 min. Remove remaining PR with acetone and rinse with IPA and DI water.  

11) Peel off the microfabricated electrodes from the PDMS/Si wafer with water-soluble tape 

and put on the elastomer. Remove tape with DI water.  

 

 

 

 

 

 

 



 
 

Figure S1. Top-view illustration showing chip components arrangement on SKINTRONICS. R1-

R4 represent the element of the Wheatstone bridge.  

 

 



 
 

Figure S2. A) Stress experiment of GSR measurement using a commercial SEEED Arduino kit. 

B) The variable resistor in the circuit allows for sensitive GSR measurement regardless of the 

electrical resistance of any subject’s skin by actively adapting its value to balance to the 

Wheatstone bridge circuit. C) Magnified graphs before and after adjustment of skin resistance by 

variable resistor. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

Figure S3. Mask designs for each photolithography process. Photomask patterns and resulting 

layer structures for A) 1st Cu layer on 1st PI layer, B) VIA etching after 2nd PI coating, C) 2nd Cu 

layer, and D) PI etching to define  serpentine mesh layout and to expose Cu pads for soldering as 

well as electrodes and battery connection. 

  



 
Figure S4. A) GSR signal measured on the shoulder with SKINTRONICS. C) Peak identification 

and comparison with B) BioRadio and D) PIP. 

 

  

 



 

Figure S5. IR camera images capturing skin temperature with SKINTRONICS attached on the A) 

wrist and B) shoulder. Average temperature was calculated in the area inside white square. The 

average temperature gradually increased after attaching the device on the skin. 



 

Figure S6. A) Prototype of SKINTRONICS fabricated on flexible circuit board and B) placed on 

the body covered with Tegaderm patch. Data was stored in the small SD card at early version of 

SKINTRONICS. C) However, due to its large footprint and rigid construction, the card slot easily 

detached from the circuit while being attached to the body. D) GSR measurement on the shoulder 

with prototype of SKINTRONICS for 2 h in an ambulatory setting. Large motion artifacts were 

observed during movement (dashed red circles) due to temporary loss of electrode-to-skin contact. 



 

Figure S7. GSR data and their signal processing signals measured from SKINTRONICS and 

BioRadio with A-B) stand and C-D) walk status, respectively. A significant increase in the RMS 

value of noise signal from BioRadio was observed as the subject began to walk.  

 

 

 

 

 

 

 

 

 

 



 

Figure S8. Waterproof capability of SKINTRONICS. A) An additional elastomeric layer 

encapsulated the battery and the circuit components. B) Photo of fully insulated SKINTRONICS 

on the wrist under flowing water. C) A stream of water was applied to the device for 5 min during 

GSR measurement. The device maintained its functionality even in the presence of flowing water 

without noticeable compromise in its attachment to the body and the measured signals, suggesting 

the feasibility for GSR measurements in excessively moist settings. 

 

  



 

Figure S9. Maximum operation time of SKINTRONICS. A) GSR and B) temperature signals can 

be recorded for 7 hours using the on-board flash memory. Inset picture shows the 110 mAh 

lithium-ion polymer battery with an integrated slide switch. 

 

 

 

 

 

 

 

 

 

 

  



Table S1. Comparison of stretchable sensors and circuit systems. 

Ref Group 

(year) 

Circuit type Electrodes type Device 

type 

Sensing 

target 

Application 

This 

work 

Yeo group 

(2020) 

Open-mesh 

patterned 

PI/Cu/PI/Cu/PI 

on elastomer 

Mesh-patterned 

PI/Cr/Au/PI 

on elastomer 

Integrated GSR, 

temperature 

Daily stress 

monitoring 

[1] Rogers 

group 

(2019) 

N/A Serpentine-patterned 

Cr/Au on elastomer 

Separated EMG, ECG, 

EEG 

Prosthetic 

control and 

cognitive 

monitoring 

[2] Rogers 

group 

(2018) 

Non-patterned 

PI/Cu/PI/Cu 

Serpentine-patterned 

PI/Cu/PI/Cu/PI on 

elastomer 

Integrated Temperatur

e, 

Blood flow 

Shunt failure 

monitoring 

[3] Rogers 

group 

(2018) 

Non-patterned 

PI/Cu on 

adhesive 

Serpentine-patterned 

PI/Cr/Au/PI/ on 

elastomer 

Integrated Temperature Thermal 

characterization 

of human skin 

[4] Rogers 

group 

(2017) 

N/A Serpentine-patterned 

PI/Cu/PI on 

elastomer 

Separated Temperature Thermal 

characterization 

of human skin 

[5] Yu group 

(2019) 

N/A Open-mesh patterned 

PI/Au/IZO/PI on 

elastomer 

Separated Strain Robotic hand 

control 

[6] Xu group 

(2018) 

Serpentine-

patterned 4 

layered PI/Cu 

on elastomer 

Non-patterned CNT 

and silbione 

Integrated EMG, ECG, 

temperature 

Robotic hand 

control 

[7] Xu group 

(2018) 

N/A Serpentine-patterned 

PI/Cu/Sn/transducer/

Cu/PI on elastomer 

Separated Blood 

pressure 

Central blood 

pressure 

waveform 

monitoring 
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