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Using Nanotimers to Reduce loT System Power
Consumption by an Order of Magnitude

Nikhil Dua, Sensor Products
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Reducing power and cost are often two of the most
crucial factors when designing a battery-powered
system. Reducing power consumption plays an in
important role to extend system life by reducing overall
system current. Hence, as a result, power reduction
paves the way to cut down system cost by reducing
the required battery capacity.

This concept readily applies to Internet of Things (IoT)
systems and connected products such as wearables,
wireless sensors and building automation systems.
The life of the growing number of wireless sensor end-
nodes in the system all are constrained by one thing:
power consumption of the end-node. Such sensor end
nodes are typically powered by batteries, which last
from several months to several years, depending on
the power consumption of each end node. Here the
“shelf-life” of a given sensor node is purely dependent
on the lifetime of the battery. Though it is possible to
simply replace the battery towards the end of the
node’s life, it is not always practical to do so as the
replacement itself can become an expensive “total
cost of ownership." Figure 1 shows the network
topology of a typical 0T system.

Each sensor node typically consists of the following
architecture:
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Figure 1. A Typical Sensor Node

Such simple IoT nodes collect and transmit data to a
central gateway which is linked to the Internet and the
cloud. Most loT applications operate in burst mode,
where the system is asleep most of its lifetime and is
only woken up when it requires data from the sensor
few times a day or to simply transmit and receive data
during a specified time interval. Because of the duty-
cycled nature of the system, the microcontroller
operates in a low-power sleep mode most of the
system’s lifetime. Here, with the assumption that
overall system low-power sleep or standby mode
duration becomes significantly greater than the active
state duration, the critical factor that begins to
determine battery life is microcontroller sleep and
system leakage currents during the low-power mode.
For example, even in microcontroller’'s low power
mode with a running internal oscillator, which duty-
cycles the peripherals in the sensor node, off-state
currents can still reach microamps.

In systems where the 10T application is configured as
a star network as in Figure 1, where it is not important
for the microcontroller to retain state or have control
when it is in low power mode, a low-power system
timer could be extremely beneficial to instead fully duty
cycle the entire system end-node. TI's TPL5110 and
TPL5111 nano-power system timers, with power
consumption of only 35nA in active mode, can not only
fully replace the power hungry internal timer of a
microcontroller, but can also be used to power cycle
the entire system to reduce power consumption by at
least an order of magnitude than the microcontroller!

To further exemplify such as system and its current
saving benefit, let’s replace the system in Figure 1 with
an integrated nanotimer:
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Figure 2. A Sensor Node with an Integrated Power-
gating System Nanotimer

Figure 2 introduces both a power-gating nanotimer
and a low leakage switch in a typical sensor node
system. The nanotimer now takes control over power
to all remaining circuitry in the system instead of the
battery which provided constant, direct power to the
system. The nanotimer will switch on power to the
system at a programmed interval, such as once a
minute or hour when the microcontroller needs to
transmit sensor data, via a control signal (DRV) to the
switch. When the microcontroller has finished reading
and transmitting the sensor data, a DONE signal will
be sent to the timer indicating the timer to shut down
the entire system. By doing this, as shown in figure 2,
the nanotimer and the switch are the only blocks that
remain always powered on in the system. Then,
overall battery life will solely be dependent on the
system off-state duration and determined by the
nanotimer operation current, the off-state leakage
currents of the switch and any supply capacitor
charging and discharging currents!

Figure 3 presents the timing of this behavior for the
TPL5111 (where an NMOS switch is driven):

The TPL5111/5110 provide selectable timing intervals
for duty cycling, from 100ms to 7200s, with a typical
time base accuracy of 1%, through an external resistor
connected between one of its pins and ground. For a
given time interval, the system cycles between two
states: an on-state and an off-state through the
behavior of the DRV signal. The interval begins with
the on-state, where the DRV signal goes high,
resulting in the switch connecting the battery to the
rest of the system. Here the microcontroller receives
power, communicates with the sensor, transmits the
data and sends a DONE signal to the nanotimer to
signal the nanotimer to shut down the entire system.
Upon registration of the DONE signal, the nanotimer
transitions the system to the off-state. The DRV signal
goes low, which disconnects the battery from rest of
the system, for the remaining length of the selected
time interval.

To understand the impact of this phenomenon on
battery life, let's assume that system on-state current
and duration remain fixed. Then, by varying the
wakeup interval of the nanotimer and hence modifying
the off-state duration time, we can begin to understand
its direct effect on battery life. It also must be noted
that current savings from this external nanotimer-
integrated system topology (Figure 2) in the off-state is
being directly compared to a topology without a
nanotimer (as in Figure 1, which instead relies on the
standby mode of the microcontroller and other
peripherals to determine off-state currents).

Figure 4 shows the impact of modifying the off-state
duration (system wake up interval) on estimated
battery life using with and without a power-cycled
system.
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. o Figure 4. Estimated Battery Life Comparison:
_OFFTime” Nanotimer vs. MCU Standby Mode
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Figure 3. TPL5111 Timing years.
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Alternative Device Recommendations

Table 1. Alternative Device Recommendations

The TPL5110 and TPL5111, are specifically designed Device Features Implementation
to power gate a system with or without an inverted Inverted DRV Polarity _
output. For applications where switching off the entire TPL5110 from TPL5111 Power-Gating System
system is not preferred, the TPL5010 can be used. WAKE Signal to
The TPL5010, which also has a typical operating TPL5010 Microcontroller, with Microcontroller Wake-Up
current of 35nA, can be used for system wake-up watchdog functionality
functionality replacing the functionality of the integrated
microcontroller oscillator, which has high sleep Table 2. Related Tl Designs
currents, allowing the microcontroller to be placed in
much lower power mode for added current savings. Device Reference Design
TPL5110 TIDA-00374
TPL5111 TIDA-00484
TPL5111 TIDA-00756
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale
supplied at the time of order acknowledgment.

TI warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent Tl deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license to use such products or services or a warranty or
endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual property of the
third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of significant portions of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

Resale of TI components or services with statements different from or beyond the parameters stated by TI for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
Tl is not responsible or liable for any such statements.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of TI components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, TI components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No Tl components are authorized for use in FDA Class Ill (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

TI has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.
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