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说说明明

该参考设计采用德州仪器 (TI) 的低功耗数字双路温湿度

传感器和 SimpleLink™超低功耗低于 1GHz 无线微控制

器 (MCU) 平台，演示了一款水灾和冰冻探测器，该探

测器具有极长电池寿命，且无需接线。

资资源源

TIDA-01518 设计文件夹

HDC2010 产品文件夹

TPD1E10B06 产品文件夹

咨询我们的 E2E™ 专家

特特性性

• 超低功耗设计能够使单个 CR2032 纽扣电池拥有长

达 10 年的电池寿命

• 导电性水浸传感器始终处于开启状态，可实现连续

监控

• 专为 低于 1GHz SimpleLink 无线连接 LaunchPad
(LAUNCHXL-CC1310) 而设计

• 能够获取高分辨率温湿度数据

• 设计简洁，降低了成本

应应用用

• 泄漏和水灾检测

• 冰冻检测

• 温湿度检测

该 TI 参考设计末尾的重要声明表述了授权使用、知识产权问题和其他重要的免责声明和信息。
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1 System Description

Water damage is one of the leading causes of property damage in homes today. There are many things
that can cause water damage such as bursting or leaking pipes, faulty plumbing, water build-up from
condensation or melting snow, or an overflowing toilet or sink. Regardless of the cause, the damage is the
same and there is a need for a device that can detect the leak and allow the user to take preventative
measures. This device must be wireless to fit in tight spaces where leaks might occur, be able to detect
pooling water and overly humid conditions, and have the ability to alert the user either by an audible tone
or text message alert. However, some of the major limitations of such a device is its battery life and cost.
Because these sensors are battery powered, reliability becomes an issue because these sensors are
often left for years at a time but still need to work. Also, replacing batteries can be expensive and
cumbersome. There are many places in the house where a leak can occur, which would lead to the need
of many sensors. Because of this, the price of individual sensors is important.

The average battery life of water leak detectors on the market today ranges between one and five years
depending on power and battery configurations. By using the SimpleLink ultra-low-power wireless MCU
platform and the Texas Instrument's ultra-low-power temperature and humidity sensor, this reference
design can achieve a 10-year battery life off of a low-cost coin cell battery and demonstrate a wireless
leak, freeze, and humidity detector.

At a high-level view, this reference design consists of a CR2032 coin cell battery, one ultra-low-power
temperature and humidity sensor, a SimpleLink ultra-low-power MCU, two BJT switches, and a buzzer.
One BJT switch acts as the water sensor, driving its output high when the water connects its base to
ground; the other acts as the driver for the buzzer being driven by the PWM on the MCU. The temperature
and humidity sensor are set in interrupt mode, checking every 10 minutes for a certain temperature and
humidity threshold. The digital outputs from both the water sensor and the temperature and humidity
sensor act as interrupts to wake the MCU, which then activates the buzzer and sends a message over the
Sub-1 GHz radio that exists on the MCU. The use of low-cost, discrete components in combination with an
MCU with a built-in radio transceiver achieves a design that minimizes the number of components and
cost while maximizing the functionality.

This design guide addresses the component selection, design theory, and testing results of this reference
design. The scope of this design guide gives system designers a head start in integrating TI’s ultra-low-
power consumption digital temperature and humidity sensor and the SimpleLink ultra-low-power wireless
MCU platform.

1.1 Key System Specifications

表表 1. Key System Specifications

PARAMETER SPECIFICATIONS DETAILS
Input power source CR2032 Lithium-ion coin cell battery (3-V nominal voltage) 节 2.3.1
Sensor types Humidity, temperature, and water 2 节

Sensor data packet TX current
consumption 2.369 mA (averaged) 节 3.2.2.4

Leak alert packet TX current consumption 5.85 mA (averaged) 节 3.2.2.4
Sleep-state current consumption 1.37 µA (averaged) 节 3.2.2.4
Estimated battery life > 10 years 节 3.2.3
Radio transmission range > 200 meters 节 3.2.2.1
Operating humidity ≤ 70% —
Operating temperature –30°C to +60°C (limited by CR2032 coin cell operating range) —

http://www.ti.com.cn
http://www-s.ti.com/sc/techlit/TIDUDG3.pdf
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表表 1. Key System Specifications (continued)
PARAMETER SPECIFICATIONS DETAILS

RF immunity 30 V/m from 10 kHz to 1 GHz —
Working environment Indoor and outdoor —

http://www.ti.com.cn
http://www-s.ti.com/sc/techlit/TIDUDG3.pdf
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2 System Overview

In this reference design, all hardware is powered directly off of the coin cell battery to save cost and
increase efficiency. This is achieved through the use of low power and low-voltage circuitry. The central
control for this design comes from the CC1310 LaunchPad. The CC1310 monitors flooding, humidity, or
freezing conditions using the HDC2010 and the leak detector sensors. If any undesirable conditions are
found, the CC1310 transmits an alarm message over the Sub-1 GHz radio and uses the PWM to drive the
buzzer on the PCB.

2.1 Block Diagram

图图 1. TIDA-01518 Block Diagram

2.2 Highlighted Products

The following subsections highlight the products used in this reference design.

2.2.1 CC1310

The CC1310 is a member of the CC26xx and CC13xx family of cost-effective, ultra-low-power, 2.4-GHz
and Sub-1 GHz RF devices. Very low active RF and microcontroller (MCU) current consumption, in
addition to flexible low-power modes, provide excellent battery lifetime and allow long-range operation on
small coin-cell batteries and in energy-harvesting applications.

http://www.ti.com.cn
http://www-s.ti.com/sc/techlit/TIDUDG3.pdf
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The CC1310 device is the first device in a Sub-1 GHz family of cost-effective, ultra-low-power wireless
MCUs. The CC1310 device combines a flexible, very low-power RF transceiver with a powerful 48-MHz
Cortex®-M3 MCU in a platform supporting multiple physical layers and RF standards. A dedicated radio
controller (Cortex-M0) handles low-level RF protocol commands that are stored in ROM or RAM, thus
ensuring ultra-low power and flexibility. The low-power consumption of the CC1310 device does not come
at the expense of RF performance; the CC1310 device has excellent sensitivity and robustness (selectivity
and blocking) performance.

The CC1310 device is a highly integrated, true single-chip solution incorporating a complete RF system
and an on-chip DC-DC converter.

Sensors can be handled in a very low-power manner by a dedicated autonomous ultra-low-power MCU
that can be configured to handle analog and digital sensors; thus the main MCU (Cortex-M3) can
maximize sleep time.

The CC1310 power and clock management and radio systems require specific configuration and handling
by software to operate correctly, which has been implemented in the TI-RTOS. TI recommends using this
software framework for all application development on the device. The complete TI-RTOS and device
drivers are offered in source code free of charge.

• MCU:

– Powerful ARM® Cortex-M3 processor

– EEMBC CoreMark® Score: 142

– EEMBC ULPBench™ Score: 158

– Clock speed up to 48 MHz

– 32KB, 64KB, and 128KB of in-system programmable flash

– 8KB of SRAM for cache (or as general-purpose RAM)

– 20KB of ultra-low-leakage SRAM

– 2-pin cJTAG and JTAG debugging

– Supports over-the-air (OTA) update

• Ultra-low-power sensor controller:

– Can run autonomously from the rest of the system

– 16-bit architecture

– 2KB of ultra-low-leakage SRAM for code and data

• Efficient code-size architecture, placing parts of TI-RTOS, Drivers, and Bootloader in ROM

• Peripherals:

– All digital peripheral pins can be routed to any GPIO

– Four general-purpose timer modules (eight 16-bit or four 32-bit timers, PWM each)

– 12-bit ADC, 200 ksamples/s, 8-channel analog MUX

– Continuous time comparator

– Ultra-low-power clocked comparator

– Programmable current source

– UART

– 2× SSI (SPI, MICROWIRE, TI)

http://www.ti.com.cn
http://www-s.ti.com/sc/techlit/TIDUDG3.pdf
http://www.ti.com/tool/ti-rtos
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– I2C, I2S

– Real-time clock (RTC)

– AES-128 security module

– True random number generator (TRNG)

– Support for eight capacitive sensing buttons

– Integrated temperature sensor

• External system:

– On-chip internal DC-DC converter

– Seamless integration with the SimpleLink CC1190 range extenders

• Low power:

– Wide supply voltage range: 1.8 to 3.8 V

– RX: 5.4 mA

– TX at 10 dBm: 13.4 mA

– Active-Mode MCU 48 MHz Running Coremark: 2.5 mA (51 µA/MHz)

– Active-Mode MCU: 48.5 CoreMark/mA

– Active-Mode sensor controller at 24 MHz: 0.4 mA + 8.2 µA/MHz

– Sensor controller, one wakeup every second performing one 12-bit ADC sampling: 0.95 µA

– Standby: 0.7 µA (RTC running and RAM and CPU retention)

– Shutdown: 185 nA (wakeup on external events)

• RF core:

– Excellent receiver sensitivity –124 dBm using long-range mode, –110 dBm at 50 kbps (Sub-1 GHz)

– Excellent selectivity (±100 kHz): 56 dB

– Excellent blocking performance (±10 MHz): 90 dB

– Programmable output power up to 15 dBm

– Single-ended or differential RF interface

– Suitable for systems targeting compliance with worldwide radio frequency regulations:

• ETSI EN 300 220, EN 303 204 (Europe)

• FCC CFR47 Part 15 (US)

• ARIB STD-T108 (Japan)

– Wireless M-Bus and selected IEEE® 802.15.4g PHY

• RoHS-compliant package:

– 7-mm × 7-mm RGZ VQFN48 (30 GPIOs)

– 5-mm × 5-mm RHB VQFN32 (15 GPIOs)

– 4-mm × 4-mm RSM VQFN32 (10 GPIOs)

• Tools and development environment:

– Full-feature and low-cost development kits

– Multiple reference designs for different RF configurations

– Sensor Controller Studio

http://www.ti.com.cn
http://www-s.ti.com/sc/techlit/TIDUDG3.pdf
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– SmartRF™ Studio

– SmartRF Flash Programmer 2

– IAR Embedded Workbench® for ARM

– Code Composer Studio™ (CCS) IDE

图图 2. CC1310 Block Diagram

http://www.ti.com.cn
http://www-s.ti.com/sc/techlit/TIDUDG3.pdf
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2.2.2 HDC2010

The HDC2010 is an integrated humidity and temperature sensor that provides high-accuracy
measurements with very low power consumption, in an ultra-compact Wafer Level Chip Scale Package
(WLCSP). The sensing element of the HDC2010 is placed on the bottom part of the device, which makes
the HDC2010 more robust against dirt, dust, and other environmental contaminants. The capacitive-based
sensor includes new integrated digital features and a heating element to dissipate condensation and
moisture. The HDC2010 digital features include programmable interrupt thresholds to provide
alerts/system wakeups without requiring an MCU to be continuously monitoring the system. Combined
with programmable sampling intervals, low inherent power consumption, and support for 1.8-V supply
voltage, these features make the HDC2010 well suited for battery-operated systems.

The HDC2010 provides high-accuracy measurement capability for a wide range of environmental
monitoring applications and Internet of Things (IoT) such as smart thermostats, smart home assistants,
and wearables. The HDC2010 can also be used to provide critical temperature and humidity data for cold
chain transportation and storage of perishable goods to help ensure products like food and
pharmaceuticals arrive fresh.

The HDC2010 is factory-calibrated to 0.2°C temperature accuracy and 2% relative humidity accuracy and
includes a heating element to burn away condensation and moisture for increased reliability. The
HDC2010 supports operation from –40°C to +125°C and from 0% to 100% relative humidity.

• Relative humidity range: 0% to 100%

• Humidity accuracy: ±2%

• Sleep current: 50 nA

• Average supply current (1 measurement per second):

– RH only (11 bit): 300 nA

– RH (11 bit) + temperature (11 bit): 550 nA

• Temperature range:

– Operating: –40°C to +85°C

– Functional: –40°C to +125°C

• Temperature accuracy: ±0.2°C typ

• Supply voltage: 1.62 to 3.6 V

• Automatic sampling rate (5 Hz, 2 Hz, 1 Hz, 0.2 Hz, 0.1 Hz, 1/60 Hz, 1/120 Hz) or on demand

• I2C interface

图图 3. Functional Block Diagram of HDC2010YPAR

http://www.ti.com.cn
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2.2.3 TPD1E10B06

The TPD1E10B06 device is a single-channel electrostatic discharge (ESD) transient voltage suppression
(TVS) diode in a small 0402 package. This TVS protection product offers ±30-kV contact ESD, ±30-kV
IEC air-gap protection, and has an ESD clamp circuit with a back-to-back TVS diode for bipolar or
bidirectional signal support. The 12-pF line capacitance of this ESD protection diode is suitable for a wide
range of applications supporting data rates up to 400 Mbps. The 0402 package is an industry standard
and is convenient for component placement in space-saving applications.

Typical applications of this ESD protection product are circuit protection for audio lines (microphone,
earphone, and speaker phone), SD interfacing, keypad or other buttons, VBUS pin and ID pin of USB ports,
and general-purpose I/O ports. This ESD clamp is good for the protection of the end equipment like e-
books, tablets, remote controllers, wearables, set-top boxes, and electronic point of sale equipment.

• Provides system-level ESD protection for low-voltage I/O interface

• IEC 61000-4-2 level 4 ESD protection:

– ±30-kV contact discharge

– ±30-kV air-gap discharge

• IEC 61000-4-5 surge: 6 A (8/20 µs)

• I/O capacitance: 12 pF (typical)

• RDYN: 0.4 Ω (typical)

• DC breakdown voltage: ±6 V (minimum)

• Ultra-low leakage current: 100 nA (maximum)

• 10-V clamping voltage (max at IPP = 1 A)

• Industrial temperature range: –40°C to +125°C

• Space-saving 0402 footprint (1 mm × 0.6 mm × 0.5 mm)

2.3 System Design Theory

The following sections describe the theory and methods used to develop this reference design.

2.3.1 Design Theory of Battery Power

图图 4. Battery Input Power Stage

The power source for this reference design is an Energizer® CR2032 lithium-ion coin cell. This battery is
chosen for its low cost and high capacity-to-size ratio. The voltage characteristics of a lithium-ion CR2032
coin cell battery are also ideal. The output voltage remains relatively flat throughout the discharge life until
the cell is nearly depleted. When the cell is depleted, the output voltage drops off relatively quickly.

http://www.ti.com.cn
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Immediately following the battery is a low RDS_ON P-channel MOSFET. The P-channel MOSFET prevents
damage to the hardware if the coin cell battery is inserted backwards while minimizing the forward voltage
drop in normal operation. A test resistor is placed in series with the power rail of this circuit to allow easy
current measurements simply by measuring the voltage across J1 in this diagram. This resistor is not
populated and can be any value that is convenient for power testing.

2.3.1.1 Calculating DC Bus Capacitor Value

As a battery reaches the end of its life, it starts experiencing significant increase in internal resistance and
a decrease in terminal voltage. Capacitors C1 to C8 in 图 4 are placed to keep the supply voltage from
drooping too low during periods of high load, such as the activation of the buzzer or TX is active on the
MCU.

图图 5. Battery Power Schematic

Using 图 5 as reference, the current from the battery, ibat, can be calculated using 公式 1:

(1)

Capacitance is defined as ∆Q/∆V change in charge per volt. ∆V Is the maximum allowable voltage drop on
V0, and ∆Q is the sum of the charge that enters the capacitor from the battery and the charge that leaves
due to the load. To find the value for the ripple capacitor (C1), use 公式 2. These equations are for a linear
model with a constant current.

(2)

where:

•

•

• VMIN= Minimum allowable voltage for device to work

• V0= Output voltage to rest of the circuit

• VBAT= Nominal voltage on battery or end of life voltage

• RInternal = Internal resistance of battery

• IQ = Current draw of previous state

表表 2. Power Supply Design Assumptions

SOURCE TX BUZZER
VBAT 2.7 V 2.7 V

V0 = VMIN 1.8 V 1.8 V

http://www.ti.com.cn
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表表 2. Power Supply Design Assumptions (continued)
SOURCE TX BUZZER

iL 14 mA 6 mA
IQ 2.5 mA 2.5 mA
∆t 23 ms 100 ms

To calculate TX:
(3)

(4)

For the buzzer:
(5)

(6)

The choice of capacitor is chosen to be 1111 μF because it could be made by 3 × 330 μF tantalum
capacitors and decade capacitors. This value (1111 μF) allows for more tolerance at end of life conditions.
If it is found that this is not needed, one of the capacitors can be de-populated or changed to save cost.

2.3.2 Design Theory of Buzzer Circuit

图图 6. TIDA-01518 Buzzer Circuit

http://www.ti.com.cn
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The capacitive nature of a piezo buzzer is what allows his circuit to work. The piezo buzzer acts as the
capacitor in the LRC resonator shown in 图 6. When the PWM turns on and off the S1, the circuit begins
to resonate. Each piezo buzzer also has a particular resonant frequency at which the sound output power
versus input power will be at a maximum. Values of L and C need to be chosen so the resonant frequency
of the piezo buzzer matches that of the LC resonator. Typical capacitance values of piezo buzzers range
from 16 to 30 nF; this is why the 47-mH inductor is chosen for this design because this gives the designer
a resonant frequency range between 3850 and 5720 Hz, which is a typical frequency range for many
piezo buzzers. The capacitor C2 is placed to tune the resonant frequency of the LC circuit match that of
the piezo buzzer.

表 3 shows the parameter values of interest for the piezo buzzer used in this reference design. These
parameters are used to derive suitable values for the discrete components, C2 and R1.

表表 3. Piezo Buzzer Calculation Parameters

PARAMETER VALUE
Buzzer type CEP-1112 piezo buzzer
Capacitance 26 nF

Resonant frequency 4000 Hz
Sound pressure level 92 dB at 10 cm

Voltage source 10 Vp-p

Voltage max 30 Vp-p

To find the value of C2 that matches the resonant frequency:

(7)

Plugging in the known values from 表 3, the equation becomes:

(8)

公式 8 is then rearranged to solve for the value of interest, CTOT:

(9)

Solving for the value of C2 yields:
(10)

This value does not need to be precise; a value of 6.7 nF is adequate for this design. The value of R1 is
important to this circuit because it control the amplitude of the output waveform. The lower the value of
R1, the higher the output amplitude. If the value of R1 is set too low, the buzzer draws too much current.
To find the approximate output peak voltage amplitude, 公式 11 is used:

(11)

Note that 公式 11 assumes one is at the resonant frequency of the circuit.

Just as an example, for a desired amplitude of 10 Vp-p using the capacitance value found in the previous
problem, the value of R1 is calculated as:

http://www.ti.com.cn
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(12)

(13)

2.3.3 Design Theory of Wireless Communication

In this reference design, transmitting the sensor information to some central location for processing is
necessary. However, because power consumption is always a concern in battery-based applications, the
radio and processor must be low power. Also, the wireless protocol required for the end-equipment
system is an important consideration for the selection of the radio device.

A TI’s SimpleLink ultra-low-power wireless MCU platform, with a combined radio and MCU enables an
extremely long battery life for sensor end-nodes. Furthermore, the CC1310 is a multi-standard device with
software stack support for wM-Bus and IEEE 802.15.4g. This reference design uses TI's SimpleLink TI-
15.4 Stack to interface to a star network, but the hardware as built can work with other protocols as well.

2.3.4 Design Theory of Leak Detection Circuit

图图 7. TIDA-01519 Leak Detection Schematic

The PNP water switch works by using water to make an electrical connection between ground and the
base of the PNP transistor. Once the connection is made, the BJT activates by pulling the collector to Vaa.
This design uses the MMBT2907 PNP transistor due to its low cost.

A protective diode is put in place because the water probe is placed in a outside environment and is
subjected to possible electrostatic discharges. This reference design uses the TPD1E10B06DPYR ESD
protection diode.

2.3.4.1 Derivation of Resistance Between the Probes

This circuit relies on the resistive properties of water to work. For this design to work, the resistance
between the probes must be known. Determining this by using known resistivity of water can be difficult
because of the infinite parallel connections that exist between the two probes in water. Also simply using
an ohm meter is also problematic because of the electrolytic properties of water cause false readings.

To accurately determine the resistance between the probes, apply a constant voltage across the probes
submerge them in water and measure the current that passes through the water as shown in 图 8.

http://www.ti.com.cn
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图图 8. Test Setup of Water Resistance Measurement

After applying 1 V across the probes and measuring the current, the current flowing through the water is
taken to be 3 µA, regardless of separation or depth in the water. The probes measure 1 cm in length and
1-mm×1-mm square in cross section.

图图 9. Test Setup of Ammeter Water

From Ohm's Law, the resistance is calculated to be:

(14)

2.3.4.2 Determining Resistance Value of R1

The primary factor in choosing the value of R1 is the minimum base-to-emitter voltage (Vbe) that the BJT

becomes active. For this particular transistor, it is –0.4 V from the base to the emitter.
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图图 10. TIDA-01518 BJT Circuit

The base-to-emitter voltage in this circuit is equal to the voltage drop across R1. The value of R1 can be
calculated by solving 公式 15. The Vbe voltage of this transistor is increased to –0.6 V to allow for error
margin. Vss is assumed to be 2 V because this would be the minimum voltage present in the circuit at end
of life conditions.

(15)

This value represents the minimum value of R1; a higher value can be chosen for more sensitivity and
lower current. With higher values of R1, the circuit is more prone to noise and false readings. For this
design, a value of 560 kΩ is chosen.
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2.3.5 Leak Detector Firmware Development

There are five main parts to the software: the initial boot-up thread, leak detected, temperature or humidity
threshold, and push-button 1 and push-button 2. These are shown in the following software flow diagrams.
These diagrams are divided based on the specific functions they perform.

2.3.5.1 Initial Boot-up

Once the device is turned on, the CPU enters the initial boot-up thread. From here, the CPU sets up the
drivers for GPIO, I2C, and Sub-1 GHz radio. After setting up the drivers, the boot thread sets the callback
functions and interrupt for the GPIO connected to HDC2010, leak detector, and push-buttons. Finally, this
thread configures the HDC2010 in to interrupt mode, set the threshold values for temperature and
humidity, and set up the Sub-1 GHz protocols if desired before putting the device to sleep.

图图 11. Software Flow Diagram of Initial Boot-up

http://www.ti.com.cn
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2.3.5.2 Leak Detection

This interrupt is active on the rising edge of the GPIO connected to the leak detector. This interrupt first
sends a message over the Sub-1 GHz radio to alert the user of the leak then will sound the buzzer until
the GPIO connected to the leak sensor is asserted low.

图图 12. Software Flow Diagram of Water Leak Detected
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2.3.5.3 Temperature and Humidity Monitoring Thread

This interrupt is active on the rising edge of the GPIO connected to the HDC2010. This interrupt first takes
a temperature and humidity sample and determine which threshold is reached and make a decision on
what message to send based on the threshold reached. If no threshold is reached, the device sends out a
single sensor packet containing the HDC2010 data.

图图 13. Software Flow Diagram of Main Thread
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3 Hardware, Software, Testing Requirements, and Test Results

3.1 Required Hardware and Software

The following sections outline the necessary hardware and software needed to evaluate this reference
design. These sections also provide instruction on how to get the board up and running quickly.

3.1.1 Hardware

图 14 shows the board overview for this reference design. The key features of the board are highlighted to
allow the user to become familiar with the board components and their respective location on the board.

图图 14. TIDA-01518 Board Overview
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图 16 demonstrates the connection of the reference design board to the CC1310 LaunchPad evaluation
module (EVM). The device is connected through the use of the CC1310 daughterboard header pins,
located on the top of the LaunchPad. Find more information on the specific nets shared between the two
devices in the TIDA-01518 schematic.

图图 15. CC1310 LaunchPad Board 图图 16. TIDA-01518 Board Using CC1310 LaunchPad
Headers
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3.1.2 Software

The following section is an overview of the software deployment to the LaunchPad as well as instructions
on how to get the wireless capabilities of the CC1310 up and running.

3.1.2.1 Initial Firmware Deployment

图 17 shows the setup used to deploy the software developed in CCS to the CC1310 LaunchPad EVM.
Before connecting the USB cable to the LaunchPad, ensure the this reference design board is securely
attached to the LaunchPad daughterboard headers.

图图 17. Firmware Deployment Configuration

After applying power to the LaunchPad through the USB cable attached to the computers COM port, a
green indicator LED is activated to let the user know that there is power to the board. After downloading
the TIDA-01518 firmware, the source code can be built in CCS using the build icon at the top. Once built
to deploy the software to the LaunchPad, click the debug icon at the top of the CCS development
environment.

图图 18. Building and Deploying of Firmware Through CCS
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A quick way to test if the software is installed correctly is to place an index finger across the leak detection
probes located underneath the board. Once the contact is made, the buzzer must begin sounding until the
finger is removed from the pins. To fully verify the firmware functionality, the transmitted data packets from
the CC1310 LaunchPad must be captured and analyzed by using a packet collector.
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3.1.2.2 Programming the Collector

The SimpleLink SDK download includes a quick start guide to program and run the TI 15.4 Stack collector.
The guide are in the SimpleLink SDK installation directory under docs (for example,
"C:\ti\simplelink_cc13x0_sdk_1_30_00_06\docs\ti154stack"). Open the Software Developers Guide and
navigate to Example Applications on the left side bar.

Flash Programmer 2 is the easiest way to program the collector if .hex files are already generated. CCS
can be used to make changes to the example code. 图 19 shows the Flash Programmer settings after
plugging in the LaunchPad.

图图 19. Flash Programmer 2 Setup
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3.1.2.3 Receiving Data Packets

As this design guide previously described, this reference design is programmed to send data packets in
the event of a leak or temperature or humidity issue. The CC1310 broadcasts three possible action
values:

• Leak detected

• A temperature or humidity issue detected 图 20)

• User button sensor data broadcast

图图 20. Leak Detected Packet Data

• A leak detected packet after a leak is detected (see 图 21)

图图 21. Temperature Threshold Reached Packet Data

To verify the proper operation of the radio transmission, a CC1350 or CC1310 LaunchPad board can be
used as a packet sniffer device for TI 15.4-Stack radio packets. This feature enables easier development
and debugging for those developing products with the TI 15.4-Stack. The TI 15.4-Stack installs the
TiWsPc2, which uses TI hardware to capture OTA data before sending the packets to Wireshark® or a
PCAP file, and provides .dll files to dissect packets that follow the TI 802.15.4ge protocol to Wireshark. 图
22 is an example of TI 15.4-Stack-based application OTA traffic being presented as a Wireshark capture.
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http://www-s.ti.com/sc/techlit/TIDUDG3.pdf


www.ti.com.cn Hardware, Software, Testing Requirements, and Test Results

25ZHCU360–October 2017

TIDUDG3 — http://www-s.ti.com/sc/techlit/TIDUDG3
版权 © 2017, Texas Instruments Incorporated

支持低于 1GHz 技术并可实现 10 年纽扣电池寿命的低功耗水灾和冰冻探测器
参考设计

3.1.2.3.1 CC1310 LaunchPad Sniffer

The SimpleLink SDK download includes quick start guides to install, program, and run the TI 15.4 Stack
sniffer (for example, "C:\ti\simplelink_cc13x0_sdk_1_30_00_06\docs\ti154stack"). Open the Software
Developers Guide and navigate to Example Applications on the left side bar. All the required software
except for Wireshark is downloaded within the SimpleLink SDK.

图图 22. Wireshark Packet Sniffer Software

Choose a packet to get detailed information on the data in that packet. The installed .dll file lets Wireshark
dissect the information in a TI 802.15.4GE packet for easy debugging.
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3.2 Testing and Results

3.2.1 Test Setup

The following subsections explain the testing done on the TIDA-01519 board, along with detailed setup
instructions, allowing the user to easily replicate the results.

3.2.1.1 Test Setup of Sub-1 GHz Range

The range of the Wireless Sub-1 GHz RF is measured using the CC1111 USB dongle. For this test, the
PIR PCB remained at a stationary location as a laptop with the CC1111 USB dongle attached and
listening was moved away from the PIR PCB. While the CC1111 is on the move, the PIR design is being
reset at regular short intervals to make sure there are radio packets constantly being transmitted. The
distance at which packets are no longer received is then measured.

Different orientations of the PCB and the CC1111 USB dongle with respect to one another are used
during the test. No discernable change in the wireless RF range is observed.

3.2.1.2 Test Setup of Leak Detection and Frequency Response

图 23 shows the setup for testing of the leak detection circuitry of this reference design. A Styrofoam™
cup is filled with water to simulate a leak situation. The probes of the leak detection circuit can be
extended through the use of two male-to-female jumpers, allowing the probes to be placed in the cup of
water.
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图图 23. Test Setup of Water Leak Detection

3.2.1.3 Test Setup of Temperature Threshold

To test the HDC2010 temperature threshold, the board is placed in a thermal test box, where the
temperature is programmed to reach 32°F (0°C). This test box simulates a frozen evaporator coil, allowing
the verification of proper functionality with respect to the HDC2010 communicating with the CC1310. As
the temperature approaches the target threshold, the data transmission is monitored by a packet sniffer in
order to intercept the sensor board packet information.

http://www.ti.com.cn
http://www-s.ti.com/sc/techlit/TIDUDG3.pdf


Hardware, Software, Testing Requirements, and Test Results www.ti.com.cn

28 ZHCU360–October 2017

TIDUDG3 — http://www-s.ti.com/sc/techlit/TIDUDG3
版权 © 2017, Texas Instruments Incorporated

支持低于 1GHz 技术并可实现 10 年纽扣电池寿命的低功耗水灾和冰冻探测器
参考设计

图图 24. Test Setup of HDC Temperature and Humidity Threshold

3.2.1.4 Test Setup of Current Consumption

For the current consumption test setup, the current jumper and the main PWR jumper are removed from
the headers. The current probes are next attached in series with the main power—the battery—to monitor
the current being drawn by the remainder of the devices for particular events. The data is acquired
through the use of a digital multimeter with mathematical processing capability. The current measurement
for each standby mode test case is based off the average current over the duration of the event (for this
test, 10 minutes standby).

图图 25. Test Setup of Main Supply Current Consumption
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The current consumption for the packet transmission and the leak alarm functionality is acquired by using
a 3.293-Ω current sense resistor in series with an isolated DC power supply. The oscilloscope probe is
placed across the resistor to measure the voltage drop across it. The oscilloscope waveform captured
during the target event can then be analyzed using the onboard waveform measurement tools for accurate
consumption results.

3.2.2 Test Results

The following subsections outline the results from the reference design testing described in 节 3.2.1.

3.2.2.1 Test Results of Sub-1 GHz Range

The wireless RF range is measured to be 220 meters in a typical office environment with partial line of
sight. The measured signal strength at this distance is less than –100 dBm as measured by the CC1111
packet sniffer dongle.

While this distance is outstanding considering the small footprint of the PCB antenna, there are ways to
increase this distance even further. Use of a whip antenna with gain instead of the passive PCB antenna
could offer improvements in the wireless RF range. Another option would be to increase the transmit
power of the CC1310 to its maximum level at the expense of increased supply current during the radio
transmission intervals.

3.2.2.2 Test Results of Leak Detection and Frequency Response

For the leak detection testing, the alarm successfully alerts as one of the probes are placed in liquid.

表表 4. Leak Detection Water Depth Testing

DEPTH ALARM SOUNDS
On surface of water Yes

Middle of cup Yes
Bottom of cup Yes
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图 26 shows the output waveforms of the design board when the leak detection probes are introduced to
water. As shown from the waveforms, once the input pin is pulled high, the buzzer begins sounding for the
duration of the detected leak.

图图 26. Leak Detection Response

图 23 and 图 24 show the frequency response test results for the alarm at 1 ft and 5 ft, respectfully. As
shown from these plots, there is a significant frequency magnitude peak at 3.9 kHz. For both alarm
detection distances, there is relatively no change in dB magnitude.

图图 27. Frequency Response at 1 ft From Buzzer 图图 28. Frequency Response at 5 ft From Buzzer
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3.2.2.3 Test Results of Temperature Threshold

For the temperature threshold testing, the temperature is brought down to around 32°F (0°C). The
temperature threshold in this particular case is set to 40°F (≈ 4°C). 图 29 shows the data packet received
from the CC1310 once the temperature threshold is crossed.

图图 29. Temperature Threshold Reached Packet

3.2.2.4 Test Results of Current Consumption

图 30 shows the resulting current sensing waveform during a single humidity and temperature reading or
transmission. The voltage across the resistor goes up slightly during the transaction between the
HDC2010 and the CC1310. After approximately 86 ms, the data is transmitted to the collector board. This
results in an initial voltage spike followed by a sharp attenuation back to the steady state. For this event,
the data in the target area is averaged to provide a more accurate consumption value. The total
acquisition and transmission time for the single HDC2010 packet from the sensor to the collector is
measured to be 150 ms.

图图 30. Temperature and Humidity Packet TX Waveform
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The leak detection alert current consumption test result is shown in 图 31. For this test, a leak alert packet
is sent in addition to activating the piezoelectric buzzer. The duration of the sequence neglecting the
repetition of the buzzer is measured to be 904.4 ms. This also includes the sensor data acquisition period
as well. The first peak represents the leak alert transmission and the remaining voltage level shifts are due
to the buzzer.

图图 31. Leak Detected Packet TX With Active Buzzer Alert

表 5 represents the collective test results with respect to current consumption of the sensor board (TIDA-
01519). The initial boot-up current consumption is measured as well for the users reference, but this is not
included in the battery life calculations because this is considered to be a one-time event, which becomes
negligible in the estimated battery life calculations.

表表 5. Test Results of TIDA-01518 Current Consumption

BOARD STATUS AVERAGE MEASURED CURRENT CONSUMPTION
Initial boot-up 35.97 µA
Sleep mode 1.37 µA

Temperature and humidity sensor TX 2.369 mA
Leak detected buzzer and TX 5.85 mA

Configuration packet RX 9.08 mA at 21.52-ms duration
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3.2.3 Calculating Battery Life

The main parameters that affect the estimated battery life of the entire system are:

• Capacity rating of the battery in milliamp-hours (mAh)

• Average standby-state current consumption (μA)

• Standby-state duration (s)

• Average packet current consumption (mA)

• Packet transmission duration (ms)

• Polling rate

Using these parameters, the estimated battery life of the system can be calculated using 公式 16:

(16)

where:

• tTotal is an arbitrary time interval

• tData is the amount of time spent transmitting data packets. In this case, the data packet timing
calculations are split into tData(leak) and tData(HDC2010) to account for the differences in reporting intervals.

• tPoll is the amount of time transmitting poll packets which are used for configuration between the sensor
and the collector.

The number of leak threshold events depends entirely on the end-use case. However, for the purpose of
this reference design, the following use-case is defined:

• One leak detection event every month

• Polling interval of 30 minutes for configuration packet (tTotal)

Converting this into the standard form shown in 公式 16 yields:

(17)

Plugging in the duration values found in 节 3.2.2.4, the total time taken to transmit a leak packet over the
given interval is:

(18)

Because tTotal is set equal to the polling interval (30 min), then tPoll equals the time it takes to send a single
poll packet, 21.52 ms. TData(HDC2010) can now be calculated as:

(19)

where:

• 6 is the number of update event packets per hour, equating to a temperature and humidity reading
every 10 minutes

• tSensorPkt is the amount of time it takes to acquire and send a status update data packet, 154 ms

Using these requirements, the total sensor data acquisition and TX time over the 30-minute interval is:
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(20)

Inserting these calculated times into 公式 16 yields:

(21)

Finally, solving for the estimated battery life:
(22)

This yields an estimated battery life that is longer than the shelf life of most coin cell batteries. Because
the estimated battery life for this reference design system is above the specified shelf life of typical coin
cell batteries, it is possible to increase the transmit power of the CC1310 device to increase range.
Alternatively, more processing of the sensor data can be done on the sensor end-node to decrease the
burden on the up-stream data processing units.

Another available knob in the optimization of battery life for this reference design is the sensor value
acquisition interval for temperature and humidity sensor readings. The default value in the firmware is 10
minutes, but because this value can be modified, the battery life can be improved slightly more if the
designer so wishes.

注注: To increase battery life, this reference design does not currently implement a frequency
hopping scheme. A frequency hopping device loses synchronization if it does not get any
collector data/ACK within about 20 minutes for the default 250-ms dwell interval. In
frequency hopping mode, an end device tracks the slot boundaries of collector and the
synchronization is maintained based on timing information on received Data/ACK. For the
default 250-ms dwell time parameter, it is imperative that a data/ACK from collector is
received at least once within 20 minutes. It is recommended to either transmit a poll (and
received ACK/Data from collector) or data (and receive ACK) within this period.
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4 Design Files

4.1 Schematics

To download the schematics, see the design files at TIDA-01518.

4.2 Bill of Materials

To download the bill of materials (BOM), see the design files at TIDA-01518.

4.3 PCB Layout Recommendations

4.3.1 PCB Antenna Layout Guidelines

The antenna on this reference design is the miniature helical PCB antenna for 868 MHz or 915 MHz. See
the application note Miniature Helical PCB Antenna for 868 MHz or 915/920 MHz for more details about
layout and performance.

4.3.2 HDC2010 Layout Guidelines

The relative humidity sensor element is located on the top side of the package. It is recommended to
isolate the sensor from the rest of the PCB by eliminating copper layers below the device (GND, VDD) and
creating a slot into the PCB around the sensor to enhance thermal isolation.

Because the relative humidity is dependent on the temperature, the HDC2010 must be positioned away
from hot spots present on the board such as a battery, display, or MCU. Slots around the device can be
used to reduce the thermal mass for a quicker response for environmental changes.

4.3.3 TPD1E10B06DPYR Layout Guidelines

• The optimum placement is as close to the connector as possible.

– EMI during an ESD event can couple from the trace being struck to other nearby unprotected
traces, resulting in early system failures.

– The PCB designer must minimize the possibility of EMI coupling by keeping any unprotected traces
away from the protected traces, which are between the TVS and the connector.

• Route the protected traces as straight as possible.

• Eliminate any sharp corners on the protected traces between the TVS and the connector by using
rounded corners with the largest radii possible.

– Electric fields tend to build up on corners, increasing EMI coupling.

• If pin 1 or pin 2 is connected to ground, use a thick and short trace for this return path

4.3.4 Layout Prints

To download the layer plots, see the design files at TIDA-01518.

4.4 Altium Project

To download the Altium project files, see the design files at TIDA-01518.

4.5 Gerber Files

To download the Gerber files, see the design files at TIDA-01518.

http://www.ti.com.cn
http://www-s.ti.com/sc/techlit/TIDUDG3.pdf
http://www.ti.com/tool/TIDA-01518
http://www.ti.com/tool/TIDA-01518
http://www.ti.com/lit/pdf/SWRA416
http://www.ti.com/tool/TIDA-01518
http://www.ti.com/tool/TIDA-01518
http://www.ti.com/tool/TIDA-01518


Design Files www.ti.com.cn

36 ZHCU360–October 2017

TIDUDG3 — http://www-s.ti.com/sc/techlit/TIDUDG3
版权 © 2017, Texas Instruments Incorporated

支持低于 1GHz 技术并可实现 10 年纽扣电池寿命的低功耗水灾和冰冻探测器
参考设计

4.6 Assembly Drawings

To download the assembly drawings, see the design files at TIDA-01518.

5 Software Files

To download the software files, see the GIT repository of TIDA-01518.

6 Related Documentation
1. Texas Instruments, Sub-1 GHz Sensor to Cloud Industrial IoT Gateway Reference Design, TIDEP-

0084 Design Guide (TIDUCI9)
2. Texas Instruments, Reverse Current/Battery Protection Circuits, Application Report (SLVA139)
3. Texas Instruments,Coin Cells and Peak Current Draw, WP001 White Paper (SWRA349)
4. Texas Instruments, Miniature Helical PCB Antenna for 868 MHz or 915/920 MHz, DN038 Application

Report (SWRA416)
5. Texas Instruments, WEBENCH® Design Center (http://www.ti.com/webench)

6.1 商商标标

SimpleLink, E2E, SmartRF, Code Composer Studio are trademarks of Texas Instruments.
WEBENCH is a registered trademark of Texas Instruments.
ARM is a registered trademark of ARM Limited (or its subsidiaries).
Cortex is a registered trademark of ARM Ltd.
ULPBench is a trademark of Embedded Microprocessor Benchmark Consortium.
CoreMark is a registered trademark of Embedded Microprocessor Benchmark Consortium.
Energizer is a registered trademark of Energizer Brands, LLC.
IAR Embedded Workbench is a registered trademark of IAR Systems AB.
IEEE is a registered trademark of Institute of Electrical and Electronics Engineers, Incorporated.
Styrofoam is a trademark of The Dow Chemical Company.
Wireshark is a registered trademark of Wireshark Foundation.
All other trademarks are the property of their respective owners.
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