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Ultra-Long-Range RFID-based Wake-Up Radios for
Wireless Sensor Networks

Danilo De Donno, Luca Catarinucci, and Luciano Tarricone

Abstract—This paper presents three different strategies for
waking up wireless sensor network (WSN) motes via radio
frequency identification (RFID). Based on our prior work on
the design of augmented UHF RFID tags and ultra-sensitive RF
energy harvesters, the proposed solutions significantly outper-
form state-of-art RFID wake-up radios (both broadcast-based
and ID-based) for WSNs. Specifically, improvements up to 4.2x
and 7.8x have been achieved in terms of wake-up range and
wake-up delay respectively.

Index Terms—RFID, wireless sensor networks, wake-up radio,
RF energy harvesting, I2C protocol.

I. INTRODUCTION

IDLE listenining, i.e. the operating state in which a mote is
active and waiting to receive data via its IEEE 802.15.4 ra-

dio, is one of largest source of power consumption in wireless
sensor networks (WSNs). Turning off the radio and setting
the microcontroller unit (MCU) into a sleep mode, ready to
be woken up, is the most widely adopted strategy to eliminate
idle listening, thus extending mote lifetime. Generally, there
exist two approaches to wake up a mote from sleep: (1)
duty cycling, which uses a timer interrupt to wake up the
mote, and (2) wake-up radio, which exploits, instead, external
physical interrupts triggered by an auxiliary receiver. Duty
cycling provides excellent energy save but requires tight time
synchronization among WSN nodes and introduces overhead
in control traffic. On the contrary, wake-up radio provides an
on-demand communication scheme — motes are awakened
only when there is a request for transmission — which reduces
complexities, overhead, and packet delivery latency.

Recently, the exploitation of ultra-high-frequency (UHF)
radio frequency identification (RFID) technology for waking
up WSN nodes is attaining consideration, thanks to ever-
increasing diffusion of COTS RFID devices. Moreover, the
large read range exhibited by latest RFID tags, along with
the availability of low-power, system-in-package (SIP) RFID
readers, open up to the integration of miniaturized reader/tag
modules directly into motes. An investigation on the feasibility
and potential benefits of using passive RFID as a wake-
up radio is presented in [1]. The authors develop a passive
RFID wake-up device, named WISP-Mote, which is created
by integrating a wireless identification and sensing platform
(WISP) tag and a Tmote Sky sensors node. WISP-Mote is
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Fig. 1. Proposed wake-up radio architecture and strategies.

able to carry out both broadcast-based wake-ups — all nodes
receiving the wake-up signal are awakened — and ID-based
wake-ups — only targeted nodes are awakened — up to 4 m
of distance from the RFID reader. Two different RFID wake-
up devices, namely EH-WISP-Mote (an enhanced version of
WISP-Mote) and REACH-Mote, are developed by the same
authors in [2]. Such devices provide both broadcast-based and
ID-based wake-up capabilities up to approximately 6 m of
distance from a conventional RFID reader. Moreover, 11-m
wake-up range is achieved by REACH-Mote when the RFID
reader is used in combination with a high-power transmitter.

In this paper, we resort to our augmented RFID devices [3],
[4] to implement three ultra-long-range wake-up strategies for
WSN motes. A novel RF energy-harvesting circuit, a new-
generation I2C-RFID chip, and an accurate selection of ultra-
low-power components are the mainstays which have allowed
us to significantly outperform state-of-art ID- and broadcast-
based RFID wake-up radios for WSNs.

II. IMPLEMENTATION AND EXPERIMENTAL RESULTS

The overall architecture of the proposed RFID-based wake-
up system is sketched in Fig. 1 and comprises three key
elements: (1) MEMSIC Iris mote, which is the WSN device
to wake up, (2) RFID mote [3], which is an augmented
UHF RFID tag featuring Impinj Monza X-2K IC and TI
MSP430FR5969 FRAM MCU, and (3) UHF RFID energy
harvester [4]. Three different wake-up strategies can be ob-
tained by conveniently inteconnecting such elements. The first
strategy, called WWU (Write Wake Up), is fully passive,
ID-based, and relies on the namesake WWU functionality
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Fig. 2. Measured wake-up range and delay for the three proposed RFID-based
wake-up strategies.

TABLE I
COMPARISON OF RFID-BASED WAKE-UP STRATEGIES

Reference Type Range (m) Delay (ms)
at 1.5 m

WWU ID, passive 11 258
E-WWU ID, battery (30 μA) 22 198
MWU Broadcast, passive 10 30
WISP-Mote ID/Broadcast, passive 4.6 721
EH-WISP-Mote ID/Broadcast, passive 5.2 443
REACH-Mote Broadcast, passive 5.5 235

provided by the Monza X-2K IC. In order to enable WWU,
the Iris mote, which is I2C-interconnected to the RFID chip,
sets the DCI pin of the Monza X-2K IC to 0 V, forces the SCL
and SDA lines to remain high, and enters into a deep sleep
mode. When the RFID reader performs a write operation over
the Gen2 air interface, Monza X-2K asserts SCL by pulling
the SCL line low for the duration of the write operation. This
transition is detected by the sleeping Iris mote and used as
the wake-up signal targeted to the specific Monza X-2K (ID)
write-accessed by the reader.

The second strategy, called E-WWU (Enhanced WWU),
is also ID-based but leverages the boosted sensitivity of
the battery-assisted Monza X-2K and the ultra-low power
consumption of the TI FRAM MCU to significantly extend
the wake-up range — note that Monza X-2K WWU option
is factory-disabled in battery-assisted mode. The RFID reader
intended to perform a wake-up sets a specific flag into the
Monza X-2K memory. The FRAM MCU is configured to be
awakened from LPM3 sleep mode (current draw Isleep=25 μA
including Monza X-2K idle listening) every Tsleep=100 ms by
an internal timer interrupt and to ckeck, via the I2C interface,
the flag status. It was found experimentally that such a flag-
check task lasts Tactive=5 ms and consumes Iactive=130 μA
when the MCU is running at 1 MHz with 1.8-V supply voltage.
Finally, if the wake-up flag is detected, the FRAM MCU wakes
up the attached Iris mote by the port interrupt Pout. The average
current consumption of the E-WWU strategy, calculated as
Iactive ·D+ Isleep · (1−D) being D = Tactive/(Tactive + Tsleep),
is approximately 30 μA, which is roughly three orders of

magnitude less than the current absorbed by the Iris mote idle
listening over the IEEE 802.15.4 radio interface. It is worth
highlighting that the choice to resort to a TI FRAM MCU for
implementing the E-WWU strategy (instead of using directly
the Iris MCU), is primarily dictated by the substantially lower
Iactive value exhibited by the former MCU (100 μA/MHz)
compared to the latter (500 μA/MHz).

The third strategy, called MWU (Multicast Wake Up), is
fully-passive, broadcast-based, and exploits the RF energy
harvesting circuit implemented in [4], which consists of a
single-stage full-wave rectifier LC-matched to a 50-Ω whip
antenna. A DC-DC charge pump is used to step-up and
accumulate the rectified voltage in a 1-μF capacitor. When the
capacitor reaches approximately 2 V, the supervisory circuit
of the charge pump asserts the Vout,DC pin, thus producing a
wake-up interrupt for the sleeping Iris mote. This mechanism
is broadcast-based since any Iris mote equipped with the
harvester and within reader coverage is awakened.

Maximum ranges and delays for the three wake-up strategies
were measured by using an Impinj Speedway Revolution RFID
Gen2 reader operating in the 865-868 MHz frequency band,
set with 30-dBm transmit power, and configured to repeatedly
access an RFID-enabled Iris mote (see Fig. 1) at different
distances. The experiments were conducted in a large lecture
room with reader antenna and RFID-enabled Iris mote placed
in the line of sight 1.5 m above the floor, both oriented in
the maximum-gain direction. The reader-node distance was
increased in step of 0.5 m and, for each measurement point,
the reader was instructed to perform 1000 write accesses to
the Monza X-2K memory. The fraction of successful wake-ups
and the average wake-up delays for the proposed strategies are
plotted in Fig. 2. As shown, success ratio remains above 80%
up to 10 m, 11 m, and 22 m respectively for MWU, WWU,
and E-WWU before falling sharply to zero. The average wake-
up delay increases slightly up to 310 ms (at 11 m) for WWU
and 320 ms (at 22 m) for E-WWU, while the rapid increase up
to 4.5 s (at 10 m) for MWU is due to the capacitor charging
behavior of the UHF RFID energy harvester.

As shown in Table I, our RFID-based wake-up strategies
outperfom significantly state-of-art solutions [1], [2]. Specif-
ically, in the fully-passive case, up to 2.1x (1.8x) and 1.7x
(7.8x) range (delay) improvements are achieved respectively
for ID- and broadcast-based wake-ups. Our battery-assisted
ID-based E-WWU strategy, instead, provides 4.2x range im-
provement over the most performing ID-based wake-up com-
petitor (i.e. EH-WISP-mote).
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