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S1. AFM and XRD characterization of In2O3 nanoribbons 

To characterize the In2O3 nanoribbons, we used atomic force microscopy (AFM) and X-

ray diffraction (XRD) on samples deposited on PET substrate (Figure S1). The AFM 

images (Figure S1a and Figure S1b) show that the nanoribbons are solid and have clear 

edges. The height profile (Figure S1a inset) shows the thickness of In2O3 nanoribbons is 

~ 20 nm. The XRD pattern shown in Figure S1c presents only PET peaks, indicating the 

In2O3 is amorphous. 

 

Figure S1. (a) AFM image with height profile of a ~ 20 nm thick In2O3 nanoribbon. (b) 

Zoom-in AFM scan of a 1 µm × 1 µm square on the In2O3 film. (c) XRD of RF sputtered 

In2O3 film deposited on top of PET substrate. 
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S2. Mobility calculation 

The field-effect mobility of the In2O3 FET is calculated using the following equation: 

g� =  
���

�	
�
 =  

�



C�
���V�                                                 (1) 

Where W is the channel width, L is the channel length, and CDL is the electrical double 

layer capacitance per unit area in 0.1 M ionic strength aqueous solution reported 

previously (25.52 µF cm
−2

).
2
 The maximum transconductance 5.69 µS was obtain at a 

drain voltage of 0.2 V and gate voltage of 0.527 V as shown in Figure S2. 
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Figure S2. A representative transfer curve of an In2O3 nanoribbon FET with VDS = 0.2 V 

and its gm. 

  

V
DS

=0.2V 



4 

 

S3. Statistical study  

We also conducted a statistical study of key electrical properties for 50 In2O3 nanoribbon 

devices on a biosensor chip measured in 0.1 x PBS and biased through the Ag/AgCl 

electrode and the gold side gate. Figure S2 shows that the device performance including 

mobility (µ), threshold voltage (Vth), on/off ration and on-state current, is very similar 

when using gold side gate electrodes and Ag/AgCl gate electrodes. 

 

 

 

Figure S3. Electrical performance of 50 In2O3 nanoribbon transistors (a) Mobilities (µ), 

(b) Threshold voltage (VTH), (c) On/off current ratios at VDS = 0.2 V, and (d) On-state 

current (ION) at VGS = 0.6 V and VDS = 0.2 V. 
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S4. Bending test  

In order to characterize the flexibility of the wearable In2O3 FETs, bending tests were 

carried out on both functionalized and unfunctionalized devices. We tightly wrapped our 

fabricated In2O3 foil around cylinder with different radius of curvatures. The electrical 

performance of the devices under tensile strain was measured in aqueous environment. In 

Figure S3, we compared transfer curves of a representative In2O3 biosensor FET under 

different bending radius and with different bending cycles.  

 

 

 

Figure S4. Transfer characteristics of (a) an unfunctionalized In2O3 FET under relaxed 

state, bent with a radius of ~3, 10, and 15 mm, (b) an unfunctionalized In2O3 FET after 

bending with 5, 10, 50, and 100 cycles, (c) a functionalized In2O3 FET under relaxed 

state, bent with a radius of ~3, 10, and 15 mm, and (d) a functionalized In2O3 FET after 

bending with 5, 10, 50, and 100 cycles. 
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S5. Tensile strain calculation 

To calculate the tensile strain when the wearable In2O3 nanoribbon FET foil was wrapped 

tightly around a cylinder with radius ~ 3 mm, we used the following formula
1
: 

 

� =
1

�
 ×  

�� + ��
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Here, � is the bending radius, �� is the thickness of the substrate, and �� is the thickness 

of In2O3 nanoribbon transistor (TFT). � = ��/ �� and � = "�/"�, where "� and "� are the 

Young’s modulus of In2O3 FET and the substrate, respectively. We assume "� =  "� and 

the above equation can be further simplified:  

� =
1

�
 ×  

�� + ��

2
 

The thickness of the substrate is 15 µm and the total thickness of the TFT is less than 100 

nm. With the bending radius of 3 mm, the tensile strain is calculated to be ~ 0.25%. We have 

further plotted out the mobility as a function of tensile strain.  
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Figure S5. The mobilities of In2O3 FETs as a function of tensile strain.  
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S6. PH sensing  

To further confirm the sensing ability of our biosensor platform, we conducted pH 

sensing experiments to test the ionic sensitivity of the biosensor chip in responses to 

commercial pH solutions. Figure S4 shows the real-time sensing response of an In2O3 

FET to standard pH calibration solutions. The initial current Io was obtained by using 

PBS to stabilize the device, and then the PBS buffer was sequentially changed to 

commercial pH buffer solutions ranging from pH 10 to pH 5. The drain current 

responded quickly and log-linearly to each pH buffer.  

 

 

 

Figure S6. Real-time sensing responses of an In2O3 FET to standard pH calibration 

solutions. Gate voltage is applied with (a) a Ag/AgCl gate electrode, and (b) a gold side 

gate electrode. 
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S7. Glucose sensing control experiment 

To further confirm that the environment changes are introduced by the reaction of 

glucose and glucose oxidase, we performed a control experiment on sensors without 

glucose oxidase. In this control experiment, we functionalized the surface of the gold 

electrodes with chitosan and carbon nanotube only. We sequentially added glucose in 0.1 

x PBS with concentrations of 1 µM, 10 µM, 100 µM, and 1 mM.  As expected, sensors 

did not respond to glucose as shown in Figure S5.  
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Figure S7. Glucose sensing results of an In2O3 nanoribbon biosensor functionalized with 

chitosan and SWCNT only.  
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S8. Stability tests of glucose sensors 

We characterized an In2O3 biosensor with functionalization (chitosan/CNT/GOx) for 2 

weeks. The device was measured every day and store at 4 ℃ after each measurement. The 

sensing signals shows very small differences in first 4 days and the responses to 10 µM 

and 100 µM glucose in PBS decreased for about 25% and 30% after 2 weeks, 

respectively (Figure S7 in the Supporting Information). The decrease of the sensing 

responses can be attributed to the deactivation of the enzyme glucose oxidase over a long 

time, and the loss of the enzymes during washing steps. The degradation of the devices 

will not be a problem in consideration of our low-cost disposable biosensors. 
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Figure S8. Glucose sensing results with a functionalized sensor after 1, 2, 4, 7, and 14 

days. 
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