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Abstract: Smart NFC tags are seeing many interesting applications and can benefit from further minia-
turization. A passive temperature sensing tag with 5.1 mm diameter is demonstrated, comprising a
thin-film microfabricated antenna and an NFC chip. The microantenna/coil comprises two 15 µm-
thick electroplated copper layers embedded in SU-8, withstanding the soldering process of a BGA
NFC IC. The µ-antenna design challenge is to miniaturize while minimizing performance impairment
(inductive-coupling distance), while the micromachining process is very dependent on topogra-
phy propagation. Fabricated coils were successfully characterized (2.32 µH inductance; 13.76 MHz
self-resonance) and temperature was read (after assembly) with a mobile phone at distances of up
to 7 mm.
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1. Introduction

Battery-less Near Field Communication (NFC) smart sensing tags have seen significant
attention in recent years, especially for biomedical applications, with several devices pro-
posed, typically with diameters above 10 mm, and fabricated using flexible substrates [1].
An example of a small form factor device is the pressure-, temperature-, and humidity-
sensing tag, targeting packaged food monitoring (25 × 25 mm2, <1 mW power consump-
tion) [2]. In this work, we aim to further miniaturize an NFC tag with sensing capabilities
in order to enable its overmolding and integration into injected parts. In order to do so, a
µ-antenna was fabricated using planar process microfabrication techniques that allow for
coils with trace width and spacing below 20 µm, and integrated with a commercial NCF
IC (size 2.51 × 2.51 × 0.5 mm3) that includes a temperature sensor. Its small form-factor
(5.1 mm diameter) enables integration into injection-molded parts, making it a versatile,
highly convenient, and non-intrusive solution for precise monitoring of temperature levels.
The main challenges are the design—the trade-off between miniaturization and perfor-
mance, and the microfabrication—the difficulty of patterning high aspect ratio features and
vias on 10–25 µm-thick polymeric layers (photoresist and SU-8).

2. Miniaturized Temperature Sensing Tag: µ-Antenna Fabrication and NFC IC Assembly

The device comprises a thin-film (50 µm thick) µ-antenna consisting of a two-layer
electroplated copper coil (eight turns each) embedded in SU-8, with 5.1 mm diameter and
BGA compatible pads. The microfabrication process (Figure 1b) starts with deposition and
patterning of SiO2 (sacrificial release layer), followed by a 5 µm SU-8 layer which acts as the
device bottom flexible base. The active features (coil) are two layers of 15 µm electroplated
copper, separated by 10 µm of SU-8 (with patterned vias for copper connections). A 20 µm-
thick layer of SU-8 is finally patterned, leaving the BGA copper contacts exposed. The
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devices are then released using hydrogen fluoride (HF) vapor etch. The NFC IC (NHS3152)
with integrated temperature sensor (and a resistive network sensing-interface) is soldered
to the flexible µ-antenna and enclosed in a 3D-printed shell (Figure 2).
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Figure 2. (a) Temperature sensing tag before encapsulation, (b) encapsulation schematic, (c) picture 
of encapsulated tag, and (d) NFC tag temperature measurements against thermal camera readings. 

3. Experimental Results and Discussion 
Prior to soldering and encapsulation, the µ-antennas were experimentally character-

ized (2.32 µH). The micromachining process was deemed successful based on the coil re-
sistance of 12.2 Ω and resonance frequency of 13.76 MHz (extracted from the measure-
ments). After encapsulation with 3D filament printing, the temperature data and tag ID 
were successfully read with a smartphone NFC reader at distances of up to 7 mm. Using 
a ceramic hotplate, the tag was heated from room temperature to approximately 55 °C 
and its measurements were compared to the readings from a FLIR C5 Thermal Camera (Fig-
ure 2d). A microfabricated thin-film piezoresistive pressure sensor integrated with the µ-
antenna is currently being pursued using the same footprint, targeting monitoring of am-
bient air pressure variations. 
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Figure 1. (a) Schematic representation of NFC µ-antenna, (b) main micromachining process steps,
and (c) photograph and microscope image (close-up) of the fabricated devices. Microfabrication
includes (i) SiO2 deposition on silicon wafer, (ii) SiO2 patterning and SU-8 lithography (iii) Seed layer
deposition, thick resist lithography and copper electroplating, (iv) resist removal (v) SU-8 lithography,
(vi) thick resist lithography and copper electroplating, (vii) resist removal, (viii) SU-8 lithography and
(ix) HF vapor release.
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Figure 2. (a) Temperature sensing tag before encapsulation, (b) encapsulation schematic, (c) picture
of encapsulated tag, and (d) NFC tag temperature measurements against thermal camera readings.

3. Experimental Results and Discussion

Prior to soldering and encapsulation, the µ-antennas were experimentally charac-
terized (2.32 µH). The micromachining process was deemed successful based on the coil
resistance of 12.2 Ω and resonance frequency of 13.76 MHz (extracted from the measure-
ments). After encapsulation with 3D filament printing, the temperature data and tag ID
were successfully read with a smartphone NFC reader at distances of up to 7 mm. Using
a ceramic hotplate, the tag was heated from room temperature to approximately 55 ◦C
and its measurements were compared to the readings from a FLIR C5 Thermal Camera
(Figure 2d). A microfabricated thin-film piezoresistive pressure sensor integrated with the
µ-antenna is currently being pursued using the same footprint, targeting monitoring of
ambient air pressure variations.
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