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Fig. 3: Rationale behind Magnetically-driven UHF RFID

nature of these fields, the effective communication range is
generally limited to a short span of several centimeters.

• Radiatively-Coupled UHF RFID: Typically operating
within the 860-960 MHz frequency range, UHF RFID uti-
lizes radiative coupling, commonly executed through dipole
antennas. In this scenario, the reader emits a UHF radio wave
that, upon reaching an RFID tag, induces an electric current
in the tag’s antenna. Utilizing backscatter technology, the tag
then modifies and reflects the wave back to the reader. This
method allows for a substantially extended operational range,
often reaching up to several meters.

In essence, while HF NFC primarily employs inductive cou-
pling for close-proximity interactions, UHF RFID leverages
radiative coupling to enable longer-distance engagements.

2.2 Inductive Coupling via Matching Loops
Inductive coupling usually requires coil-configured antennas
that the UHF RFID tags are short of. Thus, it seems that UHF
RFID tags are not reactive to magnetic fields at first glance.
Actually, as illustrated in Fig. 25 (Appendix A), every RFID
tag inherently incorporates a single-turn coil, referred to as
the matching loop. This essential component bridges the gap
between dipole-style antennas and the tag’s integrated chips
(ICs), serving three primary functions: Firstly, it facilitates
impedance matching between the antenna and the chip, en-
suring optimal power conveyance. Secondly, this loop aids in
adjusting the voltage levels to align with the chip’s requisites.
Lastly, by safeguarding the correct impedance and voltage
calibrations, it inadvertently fortifies the RFID chip against
potential over-voltage detriments.

These loops can essentially act as standalone coil antennas.
When exposed to a magnetic field, these loops capture an
induced electrical current that then flows to energize the chip,
successfully accomplishing inductive coupling. Therefore,
it becomes feasible to power and interface with UHF RFID
tags through magnetic fields, akin to the operation seen in
NFC systems. To elucidate further, let us juxtapose the opera-
tional mechanics of conventional radiatively-coupled RFID
systems with those of our innovative magnetically-coupled
ones. Fig.3(a) portrays the conventional system where the
reader is equipped with a patch antenna – a specific varia-
tion of a dipole antenna. A tag derives its power from the
transmitted electromagnetic waves fully using its own dipole
antenna. On the other hand, Fig.3(b) illustrates our approach:
the reader comes outfitted with a coil antenna, purposed for
the generation of concentrated magnetic fields. This magnetic
flux subsequently traverses the tag’s matching loop, thereby
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Fig. 4: Magnetic backscatter communication. (a) With the switch is open, the induced
current is directed towards the harvesting unit; (b) With the switch is closed, the coil
experiences a short-circuit. The current generated within the coil fosters an opposing
magnetic field, which subsequently resonates with the reader’s coil, acting as a reflection.

inducing an electric current. The distinction between the two
approaches lies solely in their signal propagation mechanisms
– via either a patch or a coil antenna. All other system pa-
rameters, including the operating frequency and transmission
power, remain unaltered, making this a financially judicious
solution.

2.3 Communication Immutability
A concern may arise regarding the necessity of altering com-
munication protocols when passive tags obtain power through
magnetic fields. This concern can be addressed by examining
the two communication links of UHF RFID: the downlink
and the uplink.
• Downlink (Reader ⇒Tag): In the downlink, where the

reader communicates to the tag, the goal is to query tags or
send specific commands. The reader employs an Amplitude
Shift Keying (ASK) method, encoding different bit values
with varying amplitude levels. This ASK causes magnetic
strength changes, inducing a current with amplitude variation
in the tag’s matching loop. Thus, even with magnetic power
derivation, the tag’s chip can decode ASK commands.
• Uplink (Tag ⇒ Reader): In the uplink, where tags com-

municate to the reader, the primary goal is to send the stored
EPC. When energized by the reader’s signal, passive tags use
"backscatter modulation" to transmit data. This process in-
volves a switch that connects the tag’s peripherals to its IC, as
depicted in Fig. 4. When the switch is on, the tag directs the
induced current from the loop to the chip, making it absorbent
and non-reflective. However, when off, the tag grounds the
chip, and the loop-initiated current, following Lenz’s law,
creates an opposing magnetic field. This renders the RFID
tag reflective, sending the loop-induced power back to the
reader. The tag thus communicates bits by toggling between
its reflective and non-reflective states or backscattering.

Thus, the modulation techniques employed for both down-
link and uplink communication remain unmodified.

2.4 Experimental Verification
We verify the feasibility of the magnetically-driven approach
using standard COTS RFID hardware. Fig. 5 provides a visual
representation of the experimental configuration, showcas-
ing the tags evaluated. We utilized a widely-used commer-
cial RFID reader (Impinj R420 [10]) set to a frequency of
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