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Abstract

We suggest in this work that batteries can be eliminated by utilizing Wi-Fi communication with surrounding devices
including various access points and smartphones to provide power wirelessly to different wearable devices. This would
eliminate the need for carrying batteries. A temperature sensor which is wearable that gains energy communication
and sends data is something that we are working on developing. We can make this application possible by developing
an effective Wi Fi harvesting front-end operating at 2.4 GHz. This front end is used to power an ANT radio platform, and
the Wi-Fi source is a smartphone. By studying and analyzing the impact that modulation (OFDM), 72 MHz wide
bandwidth, and the bursty feature of 802.11 Wi-Fi signals have on the efficiency, sensitivity, and transmitted power of
the RF harvester, we learn how these factors affect the harvester. With a storage capacitor node leakage of 2.5 pW, our
prototype can reach a sensitivity of-16.5 dBm. This is achieved through 100% duty cycle Wi-Fi broadcasts without any
interference. This translates to a working range of approximately 11.5 centimeters that operates at 2 decibels, and 92
centimeters from a different Wi-Fi access point that operates at 20 decibels and has a 3-decibel antenna on the wearable
device.
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1. Introduction

The growth of wearable gadgets has been made possible by technological advancements in all of these areas, which
have resulted in the devices becoming more compact, and lighter, which is contributing to the development of digital
platforms that are smaller, quicker, and more power-efficient. Techniques of microfabrication, often known as MEMS,
are paving the way for sensors that are both compact and efficient in terms of power. Increasingly sophisticated
methods of production, assembly, and integration are making it possible to create devices that are more compact,
lighter, and more cost-effective.

On the other hand, despite all of these developments, the broad acceptance and use of wearable devices have been
hampered by limits in the sources of power [1]. The technology behind batteries has not had the opportunity to grow,
and as a result, the current method of utilizing batteries supplements additional costs, dimensions, and weight. As a
result of their short lifespan and the fact that they need to be recharged and replaced regularly, batteries are a significant
disincentive. As the number of wearable gadgets continues to increase and as they strive to obtain wider acceptance
and usage models, there is a growing demand for alternative methods that may effectively power these devices [2].

Researchers have looked into solar, thermal, motion, and radio frequency power harvesting over several years to
develop battery-free sensing and computation methods [3]. Because we feel that this method offers several benefits for
wearable devices, we will be concentrating our efforts in this work on the process of collecting energy from radio
frequency sources. Every device must have an antenna to communicate, and in theory, using the same antenna to
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harvest incoming radio frequency power is possible [4]. Wearable devices are also exceedingly mobile. On the other
hand, we are constantly
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Figure 1 The overall design of the wearable ANT radio platform with Wi-Fi capability

surrounded radio frequency signals, such as those that are transmitted by cellular networks, televisions, and Wi-Fi
networks, which have the potential to provide power to small wearable devices [5]. In the following part, we will
investigate whether or not the various radio frequency (RF) signals can be utilized as a supplementary power source
for wearable devices [6].

2. Architecture of the wearable platform

The platform is designed to be worn while the user is not wearing any batteries. Wi-Fi signals are gathered and used to
power all of the components of the wearable platform, including the radio, the temperature sensor, the computer core,
and the power management system [7]. In Fig. 1, the structure of the wearable radio platform that is powered by Wi-Fi
is displayed [8]. A rectifier (single stage) first transforms the radio frequency (RF) signal to low voltage direct current
(DC) [9]. The antenna is responsible for capturing the RF signal and converting it into DC power in a two-step procedure
with the antenna. The boost converter is the source of power for the ANT SoC. From a theoretical standpoint, however,
given that both ANT and Wi-Fi operate in the 2.4 GHz ISM band, it is possible to multiplex a single antenna between the
harvesting and communication front ends, albeit with an additional loss of 0.5 dB through the utilization of a switch that
is analogous to [10].
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Figure 2 Wi-Fi signals at 2.45 GHz are converted into an output DC voltage via the rectifier's RF front end architecture
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Figure 3 Measured RF energy harvester input impedance for a continuous wave input across the Wi-Fi spectrum at-
16 dBm
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2.1. Antenna

Because of the rigorous form factor constraints that are imposed on wearable devices, the size of the antenna is
restricted, which in turn limits its gain and efficiency [11]. It is for this reason that a directional antenna is not suggested.
It was decided to proceed with an inverted F antenna, which offers a satisfactory compromise between antenna gain,
size, and output/efficiency. The dimensions of the antenna are 25.7 millimeters by 7.5 millimeters, and it has an
efficiency/output coefficient of 80% and a peak gain of 3.3 decibels.

2.2. Matching Network and Rectifier

Both the matching network and the Dickson charge pump (one-stage) rectifier that was utilized in this work are
depicted in Fig. 2 [12]. By utilizing low threshold voltage SMS7630 061 Schottky diodes in the rectifier, it is possible to
achieve a high level of efficiency in the conversion of radio frequency to direct current [8]. The tuning of the front end
was carried out with the assistance of a VNA, and it was modulated to obtain the minimum possible i.p. power sensitivity
[13]. A voltage network analyzer (VNA) was used to evaluate the input impedance at a wave input of-16 dBm spanning
the range of 2.401-2.473 GHz. The results of this measurement are displayed on a Smith chart in Fig. 3 [14].
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Figure 4 Measured return loss for a continuous wave input of 16 dBm across the Wi-Fi band at the rectifier's input.
The boost converter's switching, which is reflected on the RF harvester's input port, is what causes the ripple on the
$11

At a particular working frequency, the sensitivity of the rectifier is determined by the leakage power as well as the
output voltage that is sought [15]. The leakage of the platform was reduced to the greatest extent possible to achieve
high levels of efficiency and sensitivity. In the present study, we have achieved a sensitivity of-16 dBm [16].

An evaluation of the rectifier’s sensitivity to a continuous wave input signal was carried out with the help of a voltage
network analyzer (VNA), after the matching network was designed. On the other hand, 802.11n Wi-Fi broadcasts make
use of OFDM modulation [5]. In the fourth section, we analyze the influence that Wi-Fi signals have on energy harvesting.

2.3. DC-DC Converter

A high-efficiency boost converter is included in the bq25570 [17]. Additionally, the boost converter is equipped with an
MPPT mode that is based on voltage (especially after a cold start). Each time the boost is detached for 256 milliseconds,
the OCV is recorded and utilized as a reference for the maximum power point tracking (MPPT) algorithm. One example
is that the Maximum PowerPoint Tracking (MPPT) can be adjusted to either 80% or 50%, which means that the i.p. of
the boost can be regulated to either 80% or 50% of the OCV. On the other hand, because of the non-continuous nature
of Wi-Fi packets, wi-fi harvesting cannot be accomplished using this method. If the sampling of the open circuit occurs
during a time, then the voltage within the open circuit that is being sampled will be 0. Consequently, the boost converter
will pull the input to zero, which will ultimately lead to the collapse of the system. This was done to alleviate the problem
that was being experienced. A programmable voltage supervisor is also included on the bq25570 chip. This supervisor
was utilized for the system-on-chip (SoC) [18].
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Figure 5 The voltage on the storage capacitor as a function of time and the wake-up signal from the voltage supervisor
of the bq25570 chip. The ANT SoC has an annotation for each of its operational modes
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Figure 6 The wearable platform prototype that utilizes readily available components

2.4. ANT Radia SOC

A jump-initiator is started by connecting an external voltage of 1.8V to the storage capacitor. This is done as a
compromise. The platform continues to operate continuously while simultaneously sustaining itself on the power that
is harvested from the Wi-Fi network. As an alternative, a switchable element might be inserted between the ANT and
the shortage capacitor SoC to alleviate the problem that occurs when the ANT is starting up. For instance, it is possible
to make use of an LDO that possesses enable functionality that is controlled by the supervisor output.

3. Results of experiments

It is of the utmost importance that we evaluate the harvester while taking into consideration all of these aspects.
Furthermore, in contrast to previous research, which concentrated solely on the rectifier, the present study endeavors
to assess the effectiveness of the full RF harvesting chain [19].

3.1. RF harvesting with a constant wave source

The harvesting efficiency grows, reaches a maximum, and subsequently decreases with an increase in input power. This
phenomenon can be explained by keeping in mind that the rectifier charge pump’s RF to DC conversion and impedance
matching—which minimizes return loss at the antenna terminal—are what determine the RF to DC efficiency.
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Figure 7 The total RF harvester efficiency as a function of input power and operating frequency for a continuous wave
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Figure 8 The return loss at the RF front end antenna terminal concerning the input power at 2.412 GHz continuous
wave input

The rectifier charge pump efficiency is low at low input power because the voltage levels are almost at the diodes’
threshold voltage. Improved rectification in the charge pump’s diodes is the result of higher voltage levels at the rectifier
charge pump’s input as input power is raised [20]. As seen in Fig. 8. This is the result of static impedance matching,
which is optimized at the rectifier’s sensitivity for a single input power. Additionally, Fig. 7 demonstrates how the
harvester’s efficiency changes with operating frequency. When compared to 2.455 and 2.473 GHz, the harvester
performs better at 2.401, 2.419, and 2.437 GHz.

3.2. Wi-Fi-based RF harvesting as an input
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Figure 9 The RF harvester's efficiency for a certain input Wi-Fi signal and its fluctuation based on the Wi-Fi channels
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In the following step, we will assess the effectiveness of the harvester by using Wi-Fi signals as input. The rectifier front
end was linked to a vector signal generator that was set up to send Wi-Fi packets that were 4091 bytes long, with 64
QAM subcarrier modulation, and with no idle time (i.e., a duty cycle of 100%).
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Figure 10 The RF harvester's output power about the duty cycle and input power for 2.4 GHz Wi-Fi transmissions in

Channel 6

For each of the three Wi-Fi channels (Channel 1, Channel 6, and Channel 11), the efficiency is depicted as a function of
the input power in Figure 9. In contrast to the efficiency for continuous wave input, which is depicted in Fig. 7, but it is
higher when the input power is low. The 64 QAM OFDM modulation technique produces peaks and valleys as a
consequence of its high peak-to-average power ratio [18]. Because of the exponential nature of diode conduction. This
leads to a decrease in efficiency when the input power is high in comparison to when the input is a continuous wave.
This is because the gains that are caused by the peaks are greater than the losses that are caused by the valleys, which
results in a higher efficiency when the input power is decreased.

3.3. RF energy harvesting based on Wi-Fi duty cycle

Fig. 10 illustrates this, showing the available direct current power at the RF harvesting chain’s output. The power of the
Wi-Fi transmissions is plotted individually for each packet [21]. This results in a decrease in sensitivity, a reduction in
the operational range, and a slowdown in the update rates.
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Figure 11 Update rate of ANT radio protocol sensor data transmissions based on Wi-Fi parameters

Taking into consideration that the leakage power of the system remains constant at 2.5 uW, it is possible to intuitively
com-prehend this phenomenon. However, when the duty cycle is reduced, the average power decreases in linear form,
resulting in a decrease in the amount of power that is accessible at the output.
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3.4. Rate of sensor update based on the features of the Wi-Fi network

A representation of the update rate of the temperature sensor is shown in Fig. 11. The wearable platform updates at a
rate of a few seconds. Nevertheless, the temperature update rate drops to one reading every 100 seconds, which is a
result of either decreased input power or decreased duty cycle. It is necessary to collect a data point every couple of
minutes for ordinary sensor applications; hence, Wi-Fi harvesting is an appropriate solution for these conditions.

3.5. Utilization of a wearable platform in conjunction with a Smartphone

Last but not least, we analyze the performance of the entire wearable platform. On the other hand, as was said earlier,
the transmit power of smartphones is decreasing. To determine the average, transmit power of Wi-Fi broadcasts per
packet, we carried out experiments in both an anechoic room and a more traditional laboratory environment. After de-
embedding the antenna gains and applying the Friis equation, we were able to find out through experimentation that
the average transmits power of ordinary smartphones, taking into account the losses caused by the antenna and the
enclosure, is approximately 2 dBm per packet.

In the following step, we will maximize the duty cycle by setting up the smartphone to function as a Wi-Fi hotspot. In
the course of our trials, we were able to obtain a maximum operational distance of 11.5 centimeters between the
smartphone that was functioning as a Wi-Fi hotspot and the wearable platform that was created to be powered by Wi-
Fi.

4., Conclusion

We have developed the first Wi-Fi-powered radio platform as a result of this study. We not only presented the design
and analysis of the Wi-Fi harvesting chain, but we also looked at how the harvester’s performance is affected by the duty
cycle, OFDM modulation, and broadband nature of Wi-Fi transmissions. With a target output voltage of 2.05 V and a
platform leakage of 2.5 pW at the output, our prototype can reach a sensitivity of-16.5 dBm. This is achieved through
100% duty cycle Wi-Fi transmissions. The Wi-Fi-powered radio platform that was built is capable of functioning at a
distance of up to 11.5 centimeters from a Wi-Fi transmitter that operates at 2 decibels (on a standard smartphone).
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