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I. Introduction

Recently, there has been increased market demand of Internet of Things (lIoTs) for wireless services
such as wireless sensor networks (WSNSs). These systems can enable services such as temperature and
health monitoring, environmental sensing, fire alarms, etc. and can be integrated into loTs. Figure 1
shows a WSN node which includes an antenna, transceiver, microprocessor, and an analog to digital
converter (ADC). In general, the data rate requirement for these applications can be low (10 Kbits/s to 1
Mbits/s), while long operational lifetimes (months or years) are required. A low power transceiver is one
of the key blocks in such a system. Recently, there have been several low power receivers reported, such
as the OOK receiver [1-2] and the FSK receiver [3]. However, in the current technology, there still exist
power gaps between the required transceiver operational power in long duration and the limited battery
storage power.

This paper proposes to use the recently developed radio frequency (RF) energy harvester [4-5] as a
power solution (virtual battery) for low power electronics. By combining the low power transceiver and
an ambient RF energy harvester, the paper presents calculations to demonstrate the possibility of an
inexhaustibly powered wireless system.
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Figure 1 A sensor node of wireless sensor network (WSN).

I1. INEXHAUSTIBLE SYSTEM

As minimal device length continues to be scaled down, the required digital energy to process one bit
(switch inverter) continues to decrease. Meanwhile, the transceiver power consumption continues
decreasing in both active mode and sleep mode. For example, the transceiver power in the active mode
can be as low as hundreds of uW [3], while the low power Zigbee transceiver [6] only consumes 0.06 uW
in sleep mode. The amount of sleep power (leakage power) is expected to be further reduced using
emerging FinFet technology. Those power values are close to ambient RF energy which can be in the
neighborhood of 10uW. Harvesting energy presents a promising power solution for low power, long
duration communication nodes.
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Figure 2 Scheme for power solutions suitable for nodes of WSNs.



ISDRS 2013, December 11-13. 2013

Figure 2 shows a scheme for future designs of WSN nodes. In the scheme, each node uses harvested
energy as a virtual battery. When the devices work in sleep mode, the harvested power is stored. The
stored power can be used when the devices wake up and work in active mode. In this scheme, the
transceiver is required to obtain low power consumption in both the active and sleep modes. Most
importantly, in sleep mode, the power consumption is required to be less than the harvested power in
order to enable an inexhaustible node. This is explained below:

The required energy of nodes of a WSN on each day can be defined as follows:

E =[Pactive 7 + (1—177) x Psjgep ] x 86400 )

where E, Pacive, Psieep, and 1 are the required energy for each day, the required device power in active mode
and sleep mode, and percentage of time the device spends in active mode, respectively. The number
86400 is the total seconds in one day. The available power from the environment on each day is described
by Equation 2:

Eava" = 86400 x P4 vester = 86400 x S x Pe nv )

where Eawil, B, Penv and Prarvester are the harvesting energy for each day, the harvesting efficiency, the
average power in the environment and harvested power.

The mobile device can work inexhaustibly if harvested energy is more than consumed energy which
can be described by Equation 3:

Eavail =86400x x Peny 2 E =[Pactive X7+ (1= 17) x Psjeep]x 86400
Pharvester = 8% Penv 2 Pactive X7+ (1—17) x Psjeep (3)

If the transceiver sleep mode power (Psiep) is Smaller than the average harvesting power (Pharvester),
Equation 4 can always be satisfied by adjusting the percentage of sleep time per day. By taking 0.06puW
sleep mode power as reported in [6] and 1.5mW active mode power [2] and 9% power conversion
efficiency in 10uW environmental power level [3], the percentage of active time of the node needs to
satisfy Equation 4 in order to work inexhaustibly:

n<56 x1074 (4)

The above calculation shows that mobile devices can work inexhaustibly if they are awake 0.056%
of the time (48.6 seconds per day with 1Mbits/s data rate). Such a percentage is sufficient to enable new
applications such as environmental monitoring, health monitoring, etc.

IV. Conclusions

This paper discusses system power solutions to build inexhaustibly powered wireless nodes. Based on
previous RF receiver power consumption and the recently developed harvesting circuit performance [5],
calculations show that mobile devices can work inexhaustibly if they are awake less than 0.056% of the
time (48.6 seconds per day). Such a long duration communication system can enable low data rate
applications such as environmental monitoring, health monitoring etc. and can be integrated into the
internet of things (10Ts).
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