Nano-Micro Letters
[bookmark: OLE_LINK13]Supporting Information for
[bookmark: _Hlk114668947][bookmark: _Hlk153116615]Thin and Flexible Breeze-Sense Generators for Non-Contact Haptic Feedback in Virtual Reality 
Kaijun Zhang1, Zhe Liu1, Yexi Zhou1, Zhaoyang Li1, Dazhe Zhao1, Xiao Guan1, Tianjun Lan1, Yanting Gong1, Bingpu Zhou2, Junwen Zhong1*
1 Department of Electromechanical Engineering and Centre for Artificial Intelligence and Robotics, University of Macau, Macau SAR, 999078, P. R. China
2 Joint Key Laboratory of the Ministry of Education, Institute of Applied Physics and Materials Engineering, University of Macau, Macau SAR, 999078, P. R. China
*Corresponding author. E-mail: junwenzhong@um.edu.mo (Junwen Zhong)
Supplementary Figures and Table
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Fig. S1 The detail fabrication processes of a breeze-sense generator
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[bookmark: _Hlk185946183]Fig. S2 Schematic diagram of Corona charging setup
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Fig. S3 a Image of a 2×2 cm2 breeze-sense generator with a weight of ~ 0.4495g. b Image of a 2×2 cm2 breeze-sense generator with a thickness of ~ 970 µm
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Fig. S4 Surface potential values versus time curves for positive and negative Corona charged PTFE/Ag films, and the testing time is lasted for 14 days
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Fig. S5 a Schematic diagram and b fluid simulation result of pressure drop valve
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Fig. S6 a Optical image of 2×2 generators array when in wearable conditions and b PDMS frame position for the array
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Fig. S7 Images of a thermal and acoustic b characteristics of a working breeze-sense generator, at a frequency of 160 Hz and VP-P of 500 V
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[bookmark: _Hlk185942891]Fig. S8 PVDF pressure sensor calibration. a The schematic of measuring the output voltage of PVDF sensor by a model shaker. b The output voltage curves of PVDF pressure sensor under different pressures
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Fig. S9 The cross-section SEM image of the PTFE films with laser cutting boundary
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Fig. S10 The images of PTFE films before and after laser cutting
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[bookmark: _Hlk106268928]Fig. S11 Vibration displacement distribution on the lower layer of a 4*4 cm2 breeze-sense generator (VP-P = 500 V, frequency = 160 Hz)
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[bookmark: _Hlk163164867]Fig. S12 a Image of breeze-sense generators with different working areas. b The image shows the displacement testing setup. C The top PFTE/Ag layer displacement of breeze-sense generator with different working areas when driving frequency changes from 1-600 Hz (VP-P = 500 V). d The top PFTE/Ag layer displacement of breeze-sense generators with different working areas when changing the VP-P at the resonant frequency
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Fig. S13 The displacement curves of top PTFE/Ag layer driven by 4 different frequencies (VP-P = 500 V). The driving frequencies are a 1 Hz, b 60 Hz, c160 Hz, and d 200 Hz
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Fig. S14 The image of the breeze-sense generator output testing setup
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Fig. S15 Schematic diagram of a 30-degree bent definition and b image of a 3D printed bracket for holding a breeze-sense generator
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Fig. S16 a Schematic illustration of humidity and temperature testing. The device is placed inside a sealed box which has a dehumidifier inside to adjust the humidity, and a hygrometer is used for monitoring humidity. There are also humidifiers and heating platforms to control the temperature and humidity. b Influence of humidity to output pressure (from 30 to 90%RH). c Influence of temperature to output pressure (from 20 to 50 ℃)
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Fig. S17 The images of a the decoding and boost circuit and b the coding circuit[image: 图示, 示意图
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Fig. S18 Circuit diagram of boost circuit and coding circuit

[image: 穿着蓝色衣服的人

低可信度描述已自动生成]
Fig. S19 The image of a coding circuit with the protective shell
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Fig. S20 Operating time of flexible boost circuit under a full-load state
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Fig S21 The images of the 2×2 breeze-sense generators array, each unit is 2×2 cm2 with a a thickness of ~ 950 µm, and the flexibility of the array is shown in b
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Fig. S22 a Schematic of nearby generators working at the same time, and b accuracy of volunteers’ test results
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Fig. S23 The images of front and back sides of a 2×2 breeze-sense generators array, each unit is 3×3 cm2
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Fig. S24 The images of the 4×6 breeze-sense generators array, each unit is 2×2 cm2 with a a thickness of ~ 990 µm, and the flexibility of the array is shown in b
[bookmark: _Hlk185947285]Table S1 The geometrical structure parameters of the breeze-sense generator in the COMSOL simulation
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Table S2 The mechanical characterizations of materials in the COMSOL simulation
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Table S3 Comparison of key parameters among the non-contact haptic feedback devices
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[bookmark: _Hlk186016500][bookmark: _Hlk186015971][bookmark: _Hlk186016675]The power consumption of our breeze-sense generator (~ 4 mW) is calculated by employing the values of static capacitance (~ 20 pF) and the phase difference between the driving voltage (1000 V) and current (~ 23.4°), following Equation (S1) [S9].

                        (S1)

Compared to other non-contact devices [S1-S8] based on electric fan, pneumatic actuation, and ultrasound, our breeze-sense generator has significant advantages of low power consumption (~ 4 mW) and wearability (3 g, thickness less than 2 mm).
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Legends for Movie S1 to S5
[bookmark: _GoBack]Movie S1: Breeze-sense generator blowing a slip of paper
Movie S2: Volunteer Test 1: Sequential working modes
Movie S3: Volunteer Test 2: Nearby working modes
Movie S4: Feel the direction of continuous breeze in virtual reality
Movie S5: Feel the sudden breeze in virtual reality
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