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PARAMETER SPECIFICATIONS DETAILS
Input power source CR2032 Lithium-ion coin cell battery (3.0-V nominal voltage) 2.4
Sensor type PIR (Pyroelectric or Passive InfraRed) 25
Average active-state current consumption | 1.12 mA 8.1
Active-state duration 104.1 ms 8.1
Average s_tandby-state current 23 A 8.1
consumption
Standby-state duration 1 minute of no motion detected 4.4
Sleep-state current consumption 1.65 pA 8.1
Movements per hour assumed for lifetime | ;4 o oy average over the battery lifetime (worst case) 8.2
calculation
Estimated battery life > 10 years 8.2
Motion sensing range 30 feet nominal 8.3.1
Radio transmission range > 200 meters 8.3.2
Operating temperature —30°C to 60°C (limited by CR2032 coin cell operating range) 2.4
Operating humidity 20 to 70% 7.31
Vibration 8.34
RF immunity 30 V/m from 10 kHz to 1 GHz 8.3.3
Working environment Indoor and outdoor 2.4
Form factor 35%x75-mm rectangular PCB 9.5
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1. Wireless PIR System Block Diagram

3.1 Highlighted Products

The Low-Power PIR Motion Detector reference design features the following devices:

e LPV802 ( 3.1.1): NanoPower, CMOS input, rail-to-rail IO operational amplifier

e TLV3691 ( 3.1.2): NanoPower, CMOS input, rail-to-rail input comparator

e (CC1310 ( 3.1.3): SimpleLink multi-standard sub-1GHz ultra-low-power wireless MCU

For more information on each of these devices, see their respective product folders at www.ti.com.
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3.11 LPV802

Features:

« For Vg = 3.3V, typical unless otherwise noted .

Supply current at 320 nA .
Operating voltage range: 1.6 to 5.5 V .
Low TCVqg 1 pv/i°C .
Vos 3.5 mV (max) .
Input bias current: 100 fA .
PSRR: 115 dB .
CMRR: 98 dB .

Open-loop gain: 120 dB
Gain bandwidth product: 8 kHz
Slew rate: 2 V/ms

Input voltage noise at
f = 100 Hz 340 nV/NHz

Temperature range: —40°C to 125°C

IN -

IN +

\

Applications:

Gas Detectors (CO and 0O2)
PIR Motion Detectors
lonization Smoke Detectors
Thermostats

IoT Remote Sensors

Active RFID readers and Tags
Portable Medical Equipment

Sensor network powered by energy scavenging

ouT

& 2. LPV802 Functional Block Diagram

The LPV802 is a dual nano-power amplifier designed for ultra-long life battery applications. The operating
voltage range of 1.6 V to 5.5 V coupled with typically 320 nA of supply current per channel make it well
suited for remote sensor applications. The LPV802 has a carefully designed CMOS input stage that
outperforms competitors with typically 100 fA Ig,5 currents and CMRR of 98 dB. This low input current
significantly reduces Ig 5 and log errors introduced in megohm resistance, high impedance photodiode,
and charge sense situations. The LPV802 is a member of the PowerWise™ family and has an exceptional
power-to-performance ratio.

EMI protection was designed into the device to reduce sensitivity to unwanted RF signals.

The LPV802 is offered in the 8-pin VSSOP 3.00 mm x 3.00 mm package.
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3.1.2 TLV3691
Features: Applications:
e Low quiescent current: 75 nA » Overvoltage and undervoltage detection
« Wide supply: e Window comparators
— 09to65V » Overcurrent detection
— 0.45t0 £3.25V » Zero-crossing detection
e Micro packages: DFN-6 (1 x 1 mm), e System monitoring:
5-pin SC70 — Smart phones
¢ Input common-mode range extends 100 mV _ Tablets
beyond both rails .
— Industrial sensors
* Response time: 24 us
P W — Portable medical
* Low input offset voltage: £3 mV
e Push-pull output
¢ Industrial temperature range:
—40°C to 125°C
The TLV3691 offers a wide supply range, low quiescent current 150 nA (maximum), and rail-to-rail inputs.
All of these features come in industry-standard and extremely small packages, making this device an
excellent choice for low-voltage and low-power applications for portable electronics and industrial systems.
Available as a single channel, the low-power, wide supply, and temperature range makes this device
flexible enough to handle almost any application from consumer to industrial. The TLV3691 is available in
SC70-5 and 1x1-mm DFN-6 packages. This device is specified for operation across the expanded
industrial temperature range of —40°C to 125°C.
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3.1.3 CC1310

Features:
* MCU:
— Powerful ARM® Cortex®-M3
— EEMBC CoreMark® score: 142
— EEMBC ULPBench™ score: 158
— Up to 48-MHz clock speed
— 128KB of in-system programmable Flash
— 8KB of SRAM for cache (or as general-purpose RAM)
— 20 KB of ultra-low leakage SRAM
— 2-pin ¢JTAG and JTAG debugging
— Supports over-the-air (OTA) upgrade
» Ultra-low-power sensor controller:
— Can run autonomous from the rest of the system
— 16-bit architecture
— 2KB of ultra-low leakage SRAM for code and data

» Efficient code-size architecture, placing TI-RTOS, drivers, Bluetooth® Low Energy Controller, IEEE
802.15.4 MAC, and Bootloader in ROM

* RoHS-compliant package:
— 7x7-mm RGZ VQFN48 (30 GPIOs)
— 5x5-mm RHB VQFN48 (15 GPIOs)
— 4x4-mm RSM VQFN48 (10 GPIOs)
» 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 ksps, 8-channel analog MUX
— Continuous time comparator

— Ultra-low-power clocked comparator

— Programmable current source

— UART

— 2x SSI (SPI, MICROWIRE, TI)

- I’C

- I’S

— Real-time clock (RTC)

— AES-128 security module

— True random number generator (TRNG)

— Support for eight capacitive sensing buttons
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— Integrated temperature sensor

» External system:
— On-chip internal DC-DC converter
— Very few external components

— Seamless integration with the SimpleLink CC1190 range extender
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* Low power:

Wide supply voltage range: 1.8 to 3.8 V

Active-Mode RX: 5.5 mA

Active-Mode TX at 10 dBm: 12.9 mA

Active-mode MCU 48 MHz running CoreMark: 2.5 mA (51 pA/MHz)
Active-mode MCU: 48.5 CoreMark/mA

Active-mode sensor controller at 24 MHz:
0.4 mA + 8.2 pA/MHz

Sensor controller, one wake up every second performing one 12-bit ADC sampling: 0.85 pA
Standby: 0.6 pA (RTC running and RAM and CPU retention)

Shutdown: 185 nA (wakeup on external events)

* RF section:

2.4-GHz RF transceiver compatible with Bluetooth Low Energy (BLE) 4.1 specification and IEEE
802.15.4 PHY and MAC

Excellent receiver sensitivity —124 dBm using long-range mode, —110 dBm at 50 kbps, -89 dBm at
BLE

Excellent selectivity: 52 dB

Excellent blocking performance: 90 dB

Programmable output power up to 14 dBm

Single-ended or differential RF interface

Suitable for systems targeting compliance with worldwide radio frequency regulations:

e ETSI EN 300 220, EN 303 131,
EN 303 204 (Europe)

e EN 300 440 Class 2 (Europe)

* FCC CFR47 Part 15 (US)

* ARIB STD-T108 (Japan)

Wireless M-Bus and IEEE 802.15.4g PHY

» Tools and development environment:

Full-feature and low-cost development kits

Multiple Reference Designs for Different RF Configurations
Packet sniffer PC software

Sensor Controller Studio

SmartRF™ Studio

SmartRF Flash Programmer 2

IAR Embedded Workbench® for ARM

Code Composer Studio™
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RF core

Ya  ADC
32/64/128 "‘ ADC

ARM® KB

Cortex™ M3 Flash Digital PLL
DSP Modem

Main CPU:

4 KB

ARM® SRAM

Cortex™ MO

ROM

General Peripherals / Modules Sensor Controller

Ax 32-bit Timers Sensor Controller
Engine

32 ch. uDMA

2 KB SRAM

3. CC1310 Functional Block Diagram

This device is a member of the CC26xx and CC13xx family of cost-effective, ultra-low-power, 2.4-GHz and
sub-1GHz RF devices. Very low active RF, MCU current, and low-power mode current consumption
provide excellent battery lifetime and allow operation on small coin-cell batteries and in energy-harvesting
applications.

The CC1310 is the first part in a Sub-1GHz 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-MO0) 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 does not come at the expense of RF
performance; the CC1310 has excellent sensitivity and robustness (selectivity and blocking) performance.

The CC1310 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) is able to
maximize sleep time.

12
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The CC1310 power and clock management and radio systems require specific configuration and handling
by software to operate correctly. This has been implemented in the TI RTOS, and it is therefore
recommended that this software framework is used for all application development on the device. The
complete TI-RTOS and device drivers are offered in source code free of charge.
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4

4.1

System Design Theory

The Low-Power PIR Motion Detector With Sub-1GHz Wireless Connectivity Reference Design senses
motion by detecting differences in infrared (IR) energy in the field of view of the sensor. Because the
sensor output is a very small signal, amplification and filtering are necessary to boost the signal and at the
same time filter noise so that a representation of the sensor output at a reasonable signal level is obtained
while also minimizing false trigger events. The scaled analog output is then converted to digital signals by
a window comparator function whose outputs can be used as interrupts to the wireless MCU to save
power by only waking up the MCU when it is needed. The following sections discuss the details of the
design for these different circuit sections that make up the design’s overall sub-system.

PIR Sensor

To better understand the circuit, the user must understand how the PIR motion sensor operates. The PIR
motion sensor consists of two or more elements that output a voltage proportional to the amount of
incident infrared radiation. Each pair of pyroelectric elements are connected in series such that if the
voltage generated by each element is equal, as in the case of IR due to ambient room temperature or no
motion, then the overall voltage of the sensor elements is 0 V. [X| 4 shows an illustration of the PIR motion
sensor construction.

4. PIR Motion Sensor lllustration

The lower part of [X] 4 shows the output voltage signal resulting from movement of a body with a different
temperature than the ambient parallel to the surface of the sensor and through the field of view of both
sensor elements. The amplitude of this signal is proportional to the speed and distance of the object
relative to the sensor and is in a range of low millivolts peak to peak to a few hundred microvolts peak to
peak or less. A JFET transistor is used as a voltage buffer and provides a DC offset at the sensor output.

Because of the small physical size of the sensor elements, a Fresnel lens is typically placed in front of the
PIR sensor to extend the range as well as expanding the field of view by multiplying and focusing the IR
energy onto the small sensor elements. In this manner, the shape and size of the lens determine the
overall detection angle and viewing area. The style of lens is typically chosen based on the application
and choice of sensor placement in the environment. Based on this information, for best results, the sensor
should be placed so that movement is across the sensor instead of straight into the sensor and away from
sources of high or variable heat such as AC vents and lamps.
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Also note that on initial power up of the sensor, it takes up to 30 s or more for the sensor output to
stabilize. During this "warm up" time, the sensor elements are adjusting themselves to the ambient
background conditions. This is a key realization in designing this subsystem for maximum battery life in
that the sensor itself must be continuously powered for proper operation, which means power cycling
techniques applied to either the sensor or the analog signal path itself cannot be applied for proper
operation and reliable detection of motion.

4.2 Analog Signal Path

The analog signal conditioning section is shown in the schematic in [X| 5. The first two stages in [X] 5
implement the amplified filter function whereas stage 3 implements the window comparator design.
Components R10 and C5 serve as a low pass filter to stabilize the supply voltage at the input to the
sensor and are discussed further in 4.3.

] ] ] ]
R10 | | R3,,, 15MQ | Veo |
619 kQ Vee
| | 3, 1000pF | | |
cs | | I | R6 |
15MQ 0.1pF
T 100 pF | | | I |
n: B | | | Mcu
T c4 R4 R7 1o
R5 | —l—{ }—MA* | 15mQ |
1.3MQ | | 3:3uF 68.1kQ i |
: | | [ | |
= I I | |
| Cl} } 0.01 pF | 1 c6 | RS |
0.1uF
D1 I H 15 MQ MCU
Vee =2.4103.8V | o g e | — | | /o
AX = LPV802 | D2 | | |
Cx =TLV3691 P R9 c8
PIR =IRS-B210STOL | "2 | | 15 MQ Io.l WF |
| § 6.81kQ | | L1 |
b i ! ! !
| L | | |
e stager —»e—— stage2 vk stage3 ————»

5. PIR Motion Sensor Analog Signal Path Schematic

Resistor R5 sets the bias current in the JFET output transistor of the PIR motion sensor. To save power,
R5 is larger than recommended and essentially current starves the sensor. This comes at the expense of
decreased sensitivity and higher output noise at the sensor output, which is a fair tradeoff for increased
battery lifetime. Some of the loss in sensitivity at the sensor output can be compensated by a gain
increase in the filter stages. Due to the higher gain in the filter stages and higher output noise from the
sensor, carefully optimize the placement of the high frequency filter pole and the window comparator
thresholds to avoid false detection.

42.1 Amplified Filter Design

Composed of stages 1 and 2 in [X| 5, the filter section implements a fourth order bandpass filter using
simple poles. Each stage implements identical second order bandpass filter characteristics. The chosen
cutoff frequencies for the bandpass filter are set to 0.7 and 10.6 Hz. The passband gain of each stage is
220 for an overall signal gain of ~90 dB and was chosen to maximize the motion sensitivity range for the
sensor bias point being used. The data collected for motion sensitivity range at different sensor bias and
gain settings is shown in 8.3.1.
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Generally, the filter bandwidth should be wide enough to detect a person walking or running by the sensor.
At the same time, the filter bandwidth should be narrow to limit the peak-to-peak noise at the output of the
filter. In most cases, a bandwidth between 0.3 to 2 Hz is acceptable for this application; however, the use
of simple poles means the filter Q is low, which leads to a large filter transition region. With the poles
placed this close, the overall passband gain is reduced, which reduces sensitivity and increases the noise
floor.

The low frequency cutoff is critical because it has a major effect on the system noise floor by limiting the
overall impact of 1/f noise from the analog front end as well as setting the minimum speed of motion that
the system can detect. The practical lower limit on the low frequency cutoff is due to capacitor sizing at
0.1 Hz. Due to the low bias current being used in the sensor for this design, the low frequency noise will
be worse than a normal higher current design, which means the low frequency cutoff should be higher
than 0.3 Hz. Given a practical range of the low frequency cutoff to be between 0.3 to 1 Hz, this design
used a low frequency cutoff in the middle of this range.

The high frequency cutoff is mostly for reducing broadband noise. The range for its placement will be a
decade higher than the low frequency cutoff up to the bandwidth limit set by the open loop bandwidth of
the op amp being used. In this case, the LPV802 has a unity gain bandwidth (UGBW) of 8 kHz, which
means for a maximum stage gain of 220, the bandwidth is limited to 36 Hz. Allowing for component
tolerances and variation in the UGBW of the LPV802, a practical range for the high frequency cutoff is
between 7 and 14 Hz. Again, the choice was made to use a high frequency cutoff in the middle of this
range.

The first stage of the filter is arranged as a non-inverting gain stage. This provides a high impedance load
to the sensor so its bias point remains fixed. Because this stage has an effective DC gain of one due to
C2, the sensor output bias voltage provides the DC bias for the first filter stage. Feedback diodes, D1 and
D2 provide clamping so that the op amps in both filter stages stay out of saturation for motion events
which are close to the sensor. = 1 to = 3 show the gain and cutoff frequencies for this stage:

1 1

flowt = - — 0.71Hz
2nxR2xC2 2nx6.81kQx33 uF 1)
gt = = = L = 10.6 Hz
2nxR1xC1  2nx1.5MQx0.01uF (2)
G| =1+ R0 _ g 1OM2 5526
R2 6.81kQ 3)

Since the second stage is AC coupled to the first stage, it is arranged as an inverting gain stage. This
allows the DC bias to be set to V./2 easily by connecting the center point of the divider string in the
window comparator to the non-inverting input of the op amp in this filter stage. Because the peak-to-peak
noise is present at the output of this stage, R3 is made as large as possible to minimize the dynamic
current of the system. = 4 to ={ 6 show the gain and cutoff frequencies for this stage:

flow2 = L = ! = 0.71Hz
2nxR4 xC4 2nx68.1kQx 3.3 uF (@)
1 1
leth = = = 106 HZ
2nxR3xC3  2nx15MQx1000 pF (5)
G| = |-R3I - | L 1SMO T _ 59026
R4 68.1kQ (6)
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The total circuit gain (not including any gain reduction due to pole placement), is given by
Gl x G2 =221.26 x 220.26 = 48810 = 93.77 dB. [X] 6 and [X| 7 show simulation results for these two filter
stages.

gain_total 100 W gan_onl

- 7 g L
W gan_sig2 (__M13: 708.0mHz 87.69518dB ; i ___M14: 10.61Hz 87.695788 M gan_sig2
qqqqqqqq 1 ] N & R AEDINE SAOMIEED Gain_stgl

100 4

( M8: 708.0mHz, 87.89982dB _/_ MI1:10.61Hz 84.62708dB)

50.0 4 ((_M5:2.344229Hz, 92.63334dB )

T T T T "
10" 10° ! 10 10° 10* 10°

T T
1 o 1 o 10
freq (Hz)

10 10
freq (Hz)

6. Amplified Filter Simulation Results (Ideal) 7. Amplified Filter Simulation Results (Nonideal)

The responses shown in [%] 6 and [X] 7 illustrate the effect of finite unity gain bandwidth for the amplifiers
in the circuit. Note that not only is the high frequency response altered, but also the attenuation at the high
frequency cutoff is increased and the peak gain frequency is shifted slightly.

4.2.2 Window Comparator Design

The window comparator circuit shown in stage 3 of [¥ 5 converts the analog output of the filter to digital
signals, which are used as interrupts to the MCU to tell it when motion has been detected. Composed of
resistors R6 through R9, the resistor divider sets up the thresholds that determine a valid motion detection
from the sensor. To save power, this resistor divider also provides the bias voltage for the second stage of
the filter. Capacitors C6, C7, and C8 are necessary to stabilize the threshold voltages to prevent chatter at
the output of the comparators. These capacitors do not need to be a large value due to the large resistors
being used in the resistor divider, but they should be low ESR and low leakage, with ceramic being
preferred. The comparator chosen for this reference design is the TLV3691 due to its ultra-low supply
current requirements. The TLV3691 comparator also has rail-to-rail input capability with an input common
mode range that exceeds the supply rails by 100 mV. This is not required for this design, but it does allow
the ability to maximize the adjustment range of the window comparator thresholds. The comparator
outputs will be low when there is no motion detected. Typically, motion across the sensor will generate a
high pulse on one comparator output followed by a high pulse on the other comparator, which
corresponds to the amplification of the S-curve waveform shown in the lower part of [X| 4. Which
comparator triggers first will depend on the direction of the motion being detected.

A 7 and = 8 are used to adjust the window comparator thresholds:

R7 + R8 + R9
Vere oo = V ~ 0.75xV
REF_High = YCCRg ™ R7 4 R8 + R9 *Vee @
RO
Vv _ vV ~ 0.25xV
REF_Low = YCCRE"R7 + R8 + R9 *Yee ®)

There is also a constraint that R6 + R7 = R8 + R9 so that the V../2 bias level is maintained at the center
tap of the divider for use as the bias for the second stage of the filter.
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4.3

The thresholds chosen for this design are a balance between sensitivity and noise immunity. Widening of
the window improves noise immunity but reduces sensitivity. Making the window too small can lead to
false triggers due to the peak-to-peak noise seen at the input to the window comparator.

Power Supply Design

Because of the increasing battery impedance over the life of the battery supply and the low power supply
rejection of the PIR sensor, it is important to design the power supply network to prevent current spikes
generated by the MCU from causing false triggers through the analog signal path. While the algorithm
implemented in firmware helps to filter such problems, this unwanted power supply feedback loop can
become an issue. Ideally, the sensor supply would be regulated to break this loop; however, in this design
the extra quiescent current of a regulator would reduce battery life, so other methods were explored.

8 shows a simplified schematic of the power supply network. The PMOS transistor is used in place of
the traditional Schottky diode for reversed battery protection. Because the peak currents are in the
30-mA range when the radio transmits, using a low Rps oy PMOS provides a much lower voltage drop
compared to a Schottky diode, which helps to maximize battery life by allowing the battery to decay to a
lower voltage before the circuit is no longer able to function (for more on this technique, see SLVA139).

14T » Vbatt

R10

Rint 619 kQ
c1

— 100 uF Vsensor
CR2032 —= . s

! _|_ 100 uF
=

& 8. PIR Motion Sensor Simplified Power Supply Network Schematic

Capacitor C1 supplies the circuit during periods of high and fast peak current demand, which helps to
maximize the battery capacity and minimize voltage droop on the power supply rail, especially as the
battery approaches its end of life and its internal impedance increases (represented by Rint in [X| 8). The
calculation for C1 is provided in ={ 9. For more details on this calculation and the effects of high current
peaks on battery life and capacity, see White Paper SWRA349.

c1 AQ

- Vuax = Vmin 9)
where

Vuin
. AQ = Qg _mttot

. Qdis = Zin th

Vuax IS the voltage across the capacitor at the start of the current pulse at the end of the battery’s life, and
Vun is the circuit operating minimum, which is the sensor minimum plus the voltage drop across R10 due
to the sensor bias current (2 V + 0.6 pA x 619 kQ ~ 2.4 V). V).« IS taken to be 2.698 V assuming an
unloaded end of life battery voltage of 2.7 V (V). Based on the measured current profile during a radio
transmission, shown in [X] 22 and [X] 23:

Qs = 23.2MA x100 us + 4 mMA x 3.5 ms + 8.8 mA x 2.5 ms = 38.32 uC (10)

For C1:

18
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38.32 uC - 211;’ % 6.1ms
C1= = 79.5 uF
2698V -24YV (11)

This design uses C1 = 100 pF and additional decades of capacitors in parallel for improved impedance at
higher frequencies. The time required to recharge the composite C1 capacitor after the high current event
is given in 2\ 12 and is sufficiently low compared to the active and standby states of the device where
current consumption is in the low microamp range.

27V-24V
27V-2.698V

V. -V
t = Rint x C1x |n["—"’”N

=1kQ x111.514 quIn(
Vo = Vmax

) = 0.56s
12)

With the value of C1 determined, R10 and C5 can be sized to prevent false triggers from occurring during
high current events on the power supply. With R10 chosen based on the acceptable amount of voltage
drop due to the sensor bias, C5 was determined experimentally. If desired, R10 can be reduced in value
to be able to operate at slightly lower voltage; however, the time constant for R10 and C5 shown in [X] 8
needs to be maintained. This means C5 becomes larger and would require a different dielectric, which in
all likelihood would be more leaky or more costly and negate some of the advantage to reducing R10.
Similar to what was done for C1, C5 has additional decades of capacitors in parallel to maintain a low
impedance at higher frequencies.
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4.4 Firmware Control

START

Reset Status
Wakeup from reset

Wakeup from pin interrupt

‘ Initialization ‘

Wait in IDLE mode for
Send ON packet 2 minutes to allow PIR
sensor to settle

ﬁ Set counter for 1 minute

Yes Are both
comparators output
low?

A

Y

Send ERROR
packet

Receive another
omparator interrupt?

No
A 4

Send OFF packet

v

Wait for 5 seconds for
sensor to settle after RF
transmission Yes

v

Setup pin
interrupt wakeup

SHUTDOWN

9. Wireless PIR Firmware Flowchart

<
<

The flowchart shown in [X] 9 describes the CC1310 operation in this Tl Design. The CC1310 first starts by
checking the source of wake up. If the device is woken up by reset, the system is powered on for the first
time. The CC1310 will wait in standby mode for two minutes to allow the PIR sensor and analog signal
chain to power on and allow the operating point to settle. After two minutes, the firmware will look at the
outputs of the window comparator. By default, the output of both comparators should be low. If either
comparator output is high, the CC1310 will send an ERROR message and will wait an additional amount
of time for the sensor to settle. Once the PIR sensor and analog signal chain are functioning correctly, the
CC1310 will enter shutdown mode.

The CC1310 will stay in shutdown mode until the PIR sensor signals the MCU that motion is detected by
means of the window comparator outputs serving as interrupts. When the CC1310 is woken up by the PIR
sensor, it will send an ON packet to notify the host controller that motion has been detected. The CC1310
will wait until the PIR sensor is silent for one minute before sending an OFF packet to the host controller
and returning to shutdown mode.
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5 Getting Started: Hardware

10 shows the hardware for the Low-Power PIR Motion Detector With Sub-1GHz Wireless Connectivity
Enabling 10-Year Coin Cell Battery Life Tl Design. The printed circuit board (PCB) is in a 35x75-mm
rectangular form factor and comes with 0.5-in nylon standoffs to ensure ease of use while performing lab

measurements.
TP7, Window comparator Reset J2, JTAG programming interface J3, User mode
Low output Enable

TP6, Window comparator
High output

« TIDA-00489
42 ISE4042 E24
g £ -

J1, Main power jumper Sub-1GHz

antenna

For evaluation only;
not FCC approved for resale.

_",.-\ o il M ﬂ@ .
ol I — -

J4, Spare GPIOs

CR2032 Battery holder
(+ side up)

000000

J6, Sensor supply jumper

[ 10. Low-Power Wireless PIR Motion Detector Reference Design Hardware Description

All the integrated circuits (CC1310, LPV802, and TLV3691), several test points, and jumpers are located
on the top side of the PCB. The antenna is also located on the top side of the PCB.

The bottom side of the PCB contains the CR2032 coin cell battery holder, jumper J6, and the bottom half
of the antenna.

There are four unused GPIOs that have been brought out from the CC1310 to an unpopulated header to
facilitate future prototyping and debugging.
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5.1 Jumper Configuration
To facilitate measuring critical parameters and debugging in this reference design, there are several
jumpers included. However, to properly operate the design, these jumpers must be installed correctly. The
jumper configuration for normal operation is as follows: J1 = Shorted, J2 = Open, J3 = Open,
J6 = Shorted. The jumper configuration to program the CC1310 is as follows: J1 = Open (power applied to
Pin 2), J2 = Connected through ribbon cable to the SmartRF06 Evaluation Board (EVM), J3 = Open,
J6 = Don't care.
See [X] 10 for a brief description of the intended function of these different jumpers.
5.2 Test Point Description
This design includes several test points to monitor critical signals. The following is a brief description of
these test points:
e TP1, TP2: Ground points for probes or common points for voltage measurements
e TP6, TP7: Window comparator high threshold and low threshold outputs, respectively
» TP8: Filtered battery supply forming input to the DC-DC converter in the CC1310
» TP9: Filtered DC-DC converter output from the CC1310
« TP13: Output of analog filter stage, which is also the input to the window comparator stage
5.3 Miscellaneous
Note that due to the number of sensitive high impedance nodes in this design, probing points aside from
the ones with dedicated test points should be done so with the probe impedance in mind.
An example of this would be the probing of the reference inputs to the window comparator. Because these
reference thresholds are generated from a resistor divider composed of four 15-MQ resistors, using a
standard oscilloscope probe or voltmeter with a 10-MQ input impedance will effectively load the circuit
being measured and provide a false measurement.
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6 Getting Started: Firmware

6.1 Loading Firmware

The firmware used on this Tl Design was developed using TI's Code Composer Studio software (version
6.1.0).

The IAR Embedded Workbench for ARM also supports the CC13xx line of SimpleLink products.

Powering the board from 3.0 V is also necessary and is supplied at pin 2 of Jumper J1. Connecting the
external power source at this location bypasses the reversed battery protection.

The TI Design hardware is programmed by connecting the 10-pin mini ribbon cable from J2 to the
SmartRF06 EVM (10-pin ARM Cortex Debug Connector, P410). See [X| 11 for a photo of the correct setup
for connecting the Tl Designs hardware to the SmartRF06 EVM.

[ 11. Connection of SmartRF06 Evaluation Board and Tl Designs Hardware for
Programming and Debugging

6.2 Receiving Data Packets

As this reference guide previously describes, this Tl Design is programmed to detect a person’s presence
by using the PIR sensor (see 2.5 and 4.1). The CC1310 will broadcast three possible action values:

» OxEE: Error during startup of the sensor
¢ OxAA: ON packet when the first motion is detected

» OxFF: OFF packet one minute after the last motion is detected

To verify the proper operation of the radio transmission, two methods to view the transmitted packet are
described in the following subsections.

JAJU218B—October 2015—Revised October 2016 22 B CLOE R/ D3> TV F iy 22 FEBL 9 DSUb-1GHZ 7+ 1 L AEEHEXHIE DAL 23
BSPIRT—g2 T TIH
TIDUAUL AR — SO SsERCE L http://www-s.ti.com/sc/techlit/ TIDUAUL
Copyright © 2015-2016, Texas Instruments Incorporated


http://www.tij.co.jp
http://www-s.ti.com/sc/techlit/TIDUAU1.pdf
http://www.ti.com/tool/ccstudio

13 TEXAS
INSTRUMENTS

Getting Started: Firmware Www.tij.co.jp

6.2.1 Building Automation Sub-1GHz Sniffer GUI

The first method is a Sniffer GUI firmware running on the SmartRF06 EVM with the CC13xxEM radio. The
Sniffer GUI firmware will process the received packet and display the calculated data on the LCD screen.

As shown in [¥] 12, the LCD screen will show the six most current received data. If more data is needed
for testing or characterization purposes, 6.2.2 describes how to log more data samples for post analysis.
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& 12. Building Automation Sub-1GHz Sniffer GUI

For more information about the Sniffer GUI, download and install the Building Automation Sub-1GHz
Sniffer GUI software package that is available in 10.
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6.2.2 CC1111 USB Dongle and SmartRF Protocol Packet

The second method uses the CC1111 USB dongle, CC1111 USB EVM Kit 868/915 MHz, to "sniff"
packets using the SmartRF™ Protocol Packet Sniffer software. The data is displayed as raw data stream.
This data stream can be post processed and be used for testing and characterization. After installing the
packet sniffer software (v2.18.1 at the time of this writing), the procedure to detect the data transmissions
is as follows:

1. Plug the CC1111 USB dongle into an unused USB port on the computer with the packet sniffer
software installed.

2. Open the packet sniffer software. Choose Generic as the protocol, and click the Start button
(see ¥ 13).

Q; Tsie Packet Sniffer
INSTRUMENTS

Select Protocol and chip type:

Generic
Possible capturing devices:

CC Debugger + SmartRFCCxx10TB

SmartRF TrxEB + CC1120]CC1121|CC1125|CC1101JCC110L,CC113L
SmartRFOSEB + CC2430EM|CC2520EM|CC2530EM|CC2510EM|CC1110EM
CC2531 Dongle

CC2511 Dongle

CC1111 Dongle

CC2544 Dongle

SmartRFO4EB + CC2430EM|CC2431EM|CC2530EM|CC2510EM|CC1110EM
CC2430DB

Click Start button to launch Packet Sniffer:

[ Start | (

13. Packet Sniffer Software
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3. Configure the CC1111 correctly to see the packets. Select the Radio Configuration tab. Under the
Register settings sub tab, click on the "Browse..." button. Open the TIDA-00489_CC1111.prs file.
Highlight and double-click on "TIDA-00489_CC1111" to apply the register settings (see [X| 14).

Help

Dada e

File Settings

Captuting device Radio Configuration | Select fields | Packet details | Address book | Display filter | Time line

Register seffings
Select . SelectFile Registers Register Update
i Value Register: Value:

PKTCTRLO  0x05 | ] ,“— '—-‘
FECTRL1 0x08
FREG2Z Ox26 =
FRECN 0x20 i
FRFON M i

Browse... \Write 1o file ‘ Apply |

I Filter off RF device: CC1111 | Channel: 0 [0:00] Register settings: TIDA-00489_CC1111.prs l

& 14. Packet Sniffer Software, Register Setting

E: If long data acquisition periods are expected, increase the Cache Buffer size in the packet
sniffer software to prevent possible crashes. Take this action by opening the Settings menu
and clicking "Cache buffer size...".

4. Press the Play button on the top toolbar to initiate the packet capture process.
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5. The packet sniffer software is likely to detect many other packets. To view only the valid data packets,
apply a display filter. [X| 15 shows a sample display of what records without a filter applied. The

highlighted row shows an undesired data packet.

@Teﬁaslnstruments SmartRF Packet Sniffer Generic o || =] 23
File Settings Help
nadnl» ng| 3 &
Time (ms) || Payload || RSSI
P.nbr. 0 03 04 || (dBm) LQi || FCS
b =0 59 00 =77 37 j| OK
Time (ms) Payload RSSI
?"bi +38902 |20 B4 08 1B 8A ED 55 &C F8 6E Bl 74 06 9C BC 29 99 [[(aBm) ) |
2 =38902 ||CF 03 EC 1E 12 4C 5E 2D 0D BE CC 61 97 86 90 D9 -10€ {127 ||ERR
Time (ms) RSsl
Pnbr ||~ 81104 || 03 04 [ (aBm) | "] FCS
=120006 || 59 11 =72 34 || OK
Pnbr, || TiMe (ms) Payload
"7 7|| #763373 ||5A 44 25 CD BS 14 86 5D 31 02 OF A6 C3 AE 8B F3 68 F6 A3 8E 16 4D 38 24 57 73 BB E3 E& 47 6E 70 3B
=£83380 ||13 39 BB 62 DO 81 CA DB 97 37 D5 31 19 35 F9 66 53 2A 89 48 9D A3 BC E1 19 28 04 07 79 F4 D6 E4 FL
Time (ms) || Payload | RSS
Pnbr. |~ 88722 || 03 04 | (aBm) [ -] FCS
5 =972103 59 00 =73 36 || OK
Time (ms) oa RSSI
Pnbr |l 120006 || 03 04 | (aBm) ||| IFCS
& =1092110]| 59 11 || -73 || 37 ]| oK
Time (ms) || Payload || RSSI
Pnbr. || 69505 || 03 04 ||asm) ||“% [ FC*
4 =1161615]| 59 AR || -74 34 || OK
< | 1t | 3

Capturing device | Radio Configuration | Select fields | Packet details | Address book | Display fiter | Time line |

Select capturing device:

| Packet count: 7

| Error count: 2

| Filter off | RF device: CC1111 | Channel: 0 [0x00] | Packet broadcast OFF 7

15. Packet Sniffer Software, Filterless Recording
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6. To add the appropriate filter checks for only valid packets, select the Display filter tab. In the Field
Name field, select "FCS" from the drop-down options. Click the button labeled First. Modify the filter
condition to only show "OK" packets by typing "FCS=0OK" in the Filter condition field, click the Add
button, and then click the Apply filter button. [X| 16 shows an example of the filtered view.

R Texas Instruments SmartRF Packet Sniffer Generic [=@]=]
File Settings Help

Daolr wi|3s

Time (ms) || Payload || RSSI
il [ 03 0a [|(aBm) |- |75
1 =0 59 o0 f| -77 J37 || ox

Time (ms) | [Payload [ RSSi
Pbr. || = p110a || 03 o ||(@8m) |/ “®"||FCS

3 =120006 || 59 11 || -72 |(34 || OK
Time (ms) || Payload || RSSI

Pnbr || e8722 || 03 o4 [|(gBm) || “%) FCS
5 || =s72103 || 58 00 || -73 || 36 || ox
Time (ms) |[Payioad | sSi |[ o, |rcs

P_ b‘ .
"™ "+120006 || 03 04 ||(dBm)
6 ||=1092110| 59 11 || -73 |[37 || ox

Time (ms) | [Payload || RSSI

Pnbr. | = eas0s || 03 04 ||(aBm) || “®||FCS
7 ||=1161615]| 59 An || 72 || 34 || ox
Time (ms) || Payload || RSSI
Fne me) ||Eaross Lai ||Fcs
+60007 || 03 04 | (dBm) Q

8 ||=1221622|| 59 FE || -79 || 36 | oK

P.nbr.

« [amy] t
Capluring device | Radio Configuration | Select fields | Packet details | Address book | Display filter | Time fine |

Select captuiing device:

Packet count: 9 | Error count: 3 o Filtered packet cng RF device: CC1111 | Channel: 0 [00] | Packet broadcast OFF /

16. Packet Sniffer Software, Filtered Recording

7. To export the captured, filtered packets, click the "Save the current session" button on the toolbar
(appears as a floppy disk), or pause the packet capture and click File — Save data... from the file
context menu; either of these choices prompts to save the displayed data as a packet sniffer data
(.psd) file.

8. Convert the .psd file to readable hex values with HexEdit software (http://www.hexedit.com/). A
different hex editor can perform this function as well; however, the authors of this document have not
verified any other options.

9. Open the .psd file in the HexEdit software. Click on Tools — Options. In the HexEdit Options window,
click on Document — Display and change the Columns value to "2066". Click Edit — Select All and
Edit — Copy As Hex Text. Open a text editor program (for example, Notepad), paste the hex text, and
save the text file. This text file can then be imported into Microsoft Excel® spreadsheet software for
further analysis. For more information on the sniffer data packet format, click Help — User Manual on
the packet sniffer software.
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7 Test Setup

7.1 Overview

The Low-Power PIR Motion Detector With Sub-1GHz Wireless Connectivity Enabling 10-Year Coin Cell
Battery Life reference design has been characterized to support all of the critical specifications for this
sub-system. The following sections describe the test setups for these measurements including the
equipment used and the test conditions unless otherwise noted.

7.2 Power Consumption

The power consumption measurements for this reference design were critical in balancing battery lifetime
with sensor bias current and motion sensitivity. An initial prototype was built that allowed measurement of
the different current paths in the design as a preliminary analysis. The results from that prototype are
shown in 8.1. Measurements of supply current were then performed on the reference design hardware,
which confirmed the prototype measurements. Further characterization was done on the reference design
hardware over the voltage range of the design. The test setup for the supply current measurements is
illustrated in [X] 17.

Agilent
34410A

n
&

BT1+ I
Agilent + but
E3644A 7’

BT1-

1

17. Test Circuit Used for Measuring Supply Current

To compute the battery life, the radio transmission intervals also need to be characterized as these
intervals have brief periods of high peak currents before settling to the low microamp current levels
measured using the setup above. The measurement of the radio transmission interval involves using a
current probe that interfaces to an oscilloscope, which can then be used to trigger on the high current
events. Data from this interval is then exported to Microsoft Excel where analysis of the data can be
performed. This setup is illustrated in [X] 18.

Tektronix
MDO03024
BT1+ |JP1-1 Tektronix MSO
TCPO030A
DUT —( )
/

Agilent +
E3644A C_) 3V
BT1- | JP1-2

18. Test Circuit Used for Measuring Supply Current During Radio Transmission Intervals
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7.3

7.3.1

Functional

The following subsections describe the tests for functionality under various environmental conditions.
These tests generally verify the limits of operation for the subsystem.

Temperature and Humidity Range

This Tl Design was stressed under temperature and humidity bias to ensure the design operates and does
not produce false triggers under extremes of the targeted environment. The typical extended building
environment temperature range is assumed to be 0°C to 50°C while additional testing was performed to
test the limits of the design down to —30°C and up to 60°C. Similarly, the typical humidity range for a
building environment is assumed to be 20% to 70%.

The chamber used for the temperature and humidity stress was the CSZ ZH322-H/AC
Temperature/Humidity Chamber and a Vaisala HMP235 Humidity Probe to monitor humidity. A Watlow F-
4 Controller was used to automate the testing. The reference design PCB was placed in the chamber with
a new Energizer CR2032 lithium-ion coin cell battery installed. The CC1111 USB dongle was placed near
the Tl Design hardware inside the chamber and connected to a laptop outside of the chamber with a USB
cable to monitor for false triggers during the test. [X] 19 shows a picture of the setup.

& 19. Wireless PIR Motion Detector Temperature and Humidity Test Setup

To prevent false detection due to rapid changes in ambient temperature and subsequent sensor settling,
the temperature was slowly ramped during the test as would be expected in a typical operating
environment. The test was started with a 10-minute soak at 25°C followed by a 1°C per minute ramp up to
50°C with a 5-minute soak, followed by a 5°C per minute ramp to 60°C, and back down to 50°C with a
5-minute soak at 50°C, followed by a 1°C per minute ramp down to 0°C with a 5-minute soak. At 0°C, a
similar 5°C per minute ramp was applied down to —30°C and back up to 0°C with a 5-minute soak at 0°C,
followed by a 1°C per minute ramp back up to 25°C.

30
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7.3.2

Because of the physical construction of the chamber and its use of fans for air flow within the chamber,
false triggers were observed during the temperature ramping periods. During the soaking periods, false
triggering subsided over the entire temperature range tested, which proves the functionality of the design
over the temperature extremes. This observation is common for PIR-based motion detectors and for this
reason are generally not recommended for installation near ventilation. The only known way to prevent the
false triggering during this test is to cover the sensor so it could not be affected by thermal gradients due
to forced air flow and reflections off the walls of the chamber; however, this was not done as part of this
measurement.

To prevent false detection due to rapid changes in humidity, the humidity was slowly ramped during the
test as would be expected in a typical operating environment. The test consisted of applying a 1% per
minute ramp from 20% to 70% and then back down to 20% with a 30-minute initial soak. The temperature
was held at 45°C to prevent condensation; however, condensation was observed at 68% and higher
humidity points.

The only anomaly observed during this test was at the point where condensation formed on the PCB,
which produced false triggering. As the humidity dropped to a point where the PCB dried, the false
triggering stopped and was not observed for the remainder of the test.

Motion Sensitivity

The motion sensitivity range was measured by connecting a dual pulse stretcher design built on a generic
prototyping PCB with LED outputs on each channel for visual indication. The inputs to the pulse stretcher
are connected to the window comparator output test points of the reference design. Using this method, the
PIR sensor was allowed to remain stationary at a fixed location while the LED’s indicate when motion is
being detected. The pulse stretcher was powered using its own coin cell battery so that it does not
interfere with or modify the operation of the PIR sensor being tested. The farthest distance at which
reliable detection of motion was indicated was then measured and reported as the motion sensitivity.
Pictures of this setup are shown in [X| 20.
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& 20. Motion Sensitivity Test Setup
(Top: No Motion; Bottom: Motion Detected)

7.3.3 Wireless RF Range

The range of the Wireless Sub-1GHz RF was measured using the CC1111 USB dongle described in
6.2.2. 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 was on the move,
the PIR design was being reset at regular short intervals to make sure there were radio packets constantly
being transmitted. The distance at which packets were no longer received was then measured.

Different orientations of the PCB and the CC1111 USB dongle with respect to one another were used
during the test. No discernable change in the Wireless RF range was observed.
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734 RF Immunity

The immunity of this TI Design with respect to radiated RF disturbances was measured according to
IEC61000-4-3 with an extended low frequency range. The IEC standard is specified for a frequency range
of 80 MHz to 1 GHz; however, this testing was extended down to 10 kHz to look for susceptibility in the
design for disturbances closer to the pass band of the circuit.

The setup consisted of connecting the pulse stretcher board used in 7.3.2 to the window comparator
outputs and monitoring the LEDs for activity with a camera inside the anechoic chamber. Additionally, a
field strength probe was placed near the board under test for control and monitoring of the RF field
strength level being tested. This test setup is shown in [%] 21.

21. RF Immunity Test Setup

The biconical antenna shown in [X] 21 was used for the frequency range from 30 MHz to 1 GHz in both
the horizontal and vertical orientation (vertical orientation shown). For frequencies lower than
30 MHz, it was necessary to use a rod antenna in a single orientation.
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8 Test Data
& Unless otherwise noted, the test data in the following sections were measured with the
system at room temperature. All of the measurements in this section were measured with
calibrated lab equipment.
8.1 Power Characterization
The supply current for the different circuit paths in this design was measured using an initial prototype
design. This information was used early in the design process to balance the battery lifetime with motion
sensitivity specifications and the sensor bias. This data was also compared to measurements made on the
reference design hardware to make sure there was a good correlation between initial results and final
results. Additionally, the reference design hardware was measured versus supply voltage to look at the
supply current variation with respect to that variable. The supply current data is shown in the following
tables.
% 2. Low-Power PIR Motion Detector Motion Sensitivity Results
SUPPLY CURRENT (IDLE)
CIRCUIT PATH
NOMINAL MEASURED
Sensor 600 nA 594 nA
Comparators x2 150 nA 150 nA
Divider 50 nA 50 nA
Opampl 374 nA 360 nA
Opamp2 409 nA 380 nA
CC1310 100 nA 120 nA
Total 1.683 A 1.654 pA
% 3. Low-Power PIR Motion Detector Motion Sensitivity Results
v SUPPLY CURRENT
« SHUTDOWN ACTIVE DELTA
38V 1.75 pA 2.46 pA 0.71 pA
36V 1.73 pA 2.45 pA 0.72 pA
33V 1.69 pA 2.36 pA 0.67 pA
3.0V 1.65 pA 2.30 pA 0.65 pA
27V 1.64 pA 2.28 pA 0.64 pA
24V 1.60 pA 2.22 pA 0.62 pA
22V 1.59 pA N/A N/A
As can be seen, there is a good correlation between the reference design hardware, the initial prototype
measurements, and nominal calculated supply current values. Another observation from & 3 is that there
is a slight positive dependence of supply current on supply voltage, which is expected. However, this also
suggests that battery life calculations based on average values will be conservative because the supply
current decreases as the battery ages.
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The two modes shown in % 3 relate to the modes described in [X| 9. The Delta column is used to
determine the supply current increase between these two modes as this is the value that will be used in
the battery life calculations. The highlighted row in ¢ 3 was included for informational purposes only. At
this voltage, the sensor becomes too noisy and starts to generate false triggers. The current in shutdown
mode was only measured by programming the user mode to keep the MCU in shutdown and ignore
interrupts, which is also why there is no data reported for the Active mode at this supply voltage level.

The values to be used in the battery life calculations from % 3 are the average current over the range of
battery voltages from 3.3 V to 2.4 V. For Shutdown mode, the average current is 1.65 A while the
average Delta current between Shutdown and Active mode is 0.645 uA.

The final part of the power characterization was to measure the high current interval during radio
transmissions when changing modes. The oscilloscope picture of this event is shown in [X| 22 and [%]| 23.
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23. Radio Transmission Event Supply Current (Full Picture)
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The results for the average current calculation during the radio transmission interval from Excel is 1.12 mA
over a total duration of 104.1 ms.

The data values highlighted in this section are used in the following section to calculate the expected
battery life for different expected use conditions.

36
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8.2 Battery Life Calculations

The computation of battery life for this reference design is complicated by the myriad of different
applications and use conditions possible for this type of sensor node. The approach taken here computes
the average between two different expected likely use conditions and the worst case use condition. These
use conditions are described as follows:

e Case 1: Worst case: 10 motion events per hour for every hour for the life of the battery. Each of these
motion events is a walk through event meaning that an interrupt is generated by a body moving
through the field of view once, allowing the active timer to expire and re-enter Shutdown mode before
the next event occurs.

» Case 2: Busy room in an office environment case: 14 hours in Shutdown, 10 hours with constant
motion such that the active timer does not expire once activated.

e Case 3: Room with intermittent motion during business hours case: 14 hours in Shutdown, 10 hours
with 10 motion events per hour every hour. Similar to Case 1, each of these events is a walk through
event.

Another available knob in the optimization of battery life for this reference design is the active timer value.
The default value in firmware is 1 minute. Since this value can be modified, the battery life for Case 1 and
Case 3 are recalculated using a value of 30 seconds to show the expected improvement.

The equations for the expected battery life for the three cases in consideration are as follows.

General lifetime equation:

Battery Capacity 1 x Derating Factor

Lifetime = X
Shutdown Current + Event Current  8760hr / yr (13)

where
o Event Current = [(Delta Current x Active Mode Duty Cycle)+ (Radio Transmission Current x Duty Cycle)] x Number of Events

Case l
Lifetime = 240 mAH X 5760 1h - x0.85= 968 years
r r
1.65 A +| (645 nA x 605/ event)+ (1.12 mA x104.1 ms / event x 2))x 10 Svents/hr y
3600s/hr
Case 2
Lifetime = 240 mAH X 5780 1h 085 =12.12 years
rryr
1.65 uA + 645 nA[ 10N1OUIS | 14 45 1A <1041 ms/ event)x 2 events/day Y
24 hours (3600s/hr)(24 hr/day)
Case 3
Lifetime = 240 mAH L x 0.85 = 11.85 years

X
10events/hr 10 hours}} 8760 hr/yr

1.65 645 nA x60s/ t 1.12 mA x 104.1 / t x 2
{ uA+[(( nA x 60s/event)+ (1.12 mA x ms/ event x 2))x 3600s/hr > 24hours
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The derating factor in these equations accounts for self aging of the battery. Based on these equations,
the average expected battery lifetime for this reference design with the active timer set to 1 minute is
11.22 years. Re-calculating Case 1 and Case 3 with an active timer set to 30 seconds is 9.9 years and
11.99 years, respectively. The average expected battery life with an active timer value of 30 seconds is
therefore 11.34 years. By inspection, decreasing the active timer to 17 seconds or less will yield a worst
case estimated battery lifetime of at least 10 years.

38
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8.3 Functional

8.3.1 Motion Sensitivity

The motion sensitivity was measured for multiple sensors with different bias conditions and two different
gain settings. # 4 summarize these measurement results.

% 4. Low-Power PIR Motion Detector Motion Sensitivity Results

SENSOR oy Vour (0€) Mavosods | averods)
RS =2.2 MQ, RD =1 MQ
IRS-B210STO1 365 nA 0.78 V 20 ft 6 ft
IRS-B340ST02 355 nA 0.764 V 25 ft 8 ft
IRA-E700STO 500 nA 1.093 V 12 ft 45 ft
IRA-E712ST3 555 nA 1.204 VvV 13 ft 5 ft
RS = 1.3 MQ, RD = 620 KQ
IRS-B210STO1 594 nA 0.77V > 30 ft 6.5 ft
IRS-B340ST02 572 nA 0.744 Vv 27 ft 8 ft
IRA-E700STO 838 nA 1.085V 15 ft 5 ft
IRA-E712ST3 920 nA 1178V 17 ft 7.5 ft

The highlighted cell in 2% 4 illustrates the motion sensitivity of the circuit configuration implemented in this
TI Design.

8.3.2 Wireless RF Range

The wireless RF range was measured to be 220 meters in a typical office environment with partial line of
sight. The measured signal strength at this distance was 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.
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8.3.3

8.34

RF Immunity

The RF immunity of this design was measured to be 30 V/m over the entire 10-kHz to 1-GHz frequency
range. Immunity at field strengths higher than this were not tested due to equipment limitations in the
frequency range around 30 MHz. This level also corresponds to Class 3 in the IEC61000-4-3 standard.

The only anomaly observed during this test was at the singular frequency step of 728.5 MHz, where the
passing immunity level dropped to 29.8 V/m in the horizontal antenna orientation. This drop was due to
the wiring connection between the PIR PCB and the pulse stretcher board used for monitoring.

Vibration

Vibration was not tested on this reference design in any official capacity. Part of the reasoning for this is
that finding vibration specifications on commercially available PIR motion detectors is difficult to find.
Rudimentary vibration testing was performed in the lab by beating on the desk on which the PIR was also
resting and looking for false trigger events at the output of the window comparator. Based on this test, no
false triggers were observed as long as the PCB did not physically move. While crude, this test does show
that there is nothing systematic in the design itself that would cause false triggers in a normal application
aside from the sensor construction itself.

A more informative test would include control over vibration frequency and amplitude with both of these
being varied. The results of such a test would illustrate potential harmonic sensitivities to vibration. PCB
orientation could also be varied as part of this test for a complete picture of the sensitivity to vibration for a
given design in different installations. Because such an elaborate test would yield different results based
on the physical enclosure that would finally house the PCB design, it was determined that this was beyond
the scope of this reference design.

All PIR-based motion sensors are sensitive to vibration in some capacity due to the physical construction
of the sensor as well as the way it naturally operates. Because the PIR sensor is built using thermopiles,
these elements have a crystal structure, which exhibits a piezo-electric effect if the amplitude and
frequency of vibration is such that the thermopiles themselves vibrate. A more prevalent effect is due to
the entire sensor itself moving. Because a Fresnel lens enlarges the effective field of view of the sensor at
substantial distances away from the sensor by focusing IR energy onto the small area of the sensor
elements, any small movement of the sensor will result in large movements in the field of view. Due to
background IR energy, the sensor output will not be able to distinguish between changes in IR energy due
to motion with a static background or the background itself changing rapidly due to movements of the field
of view. In other words, the detection of motion is relative. If the sensor is assumed to be perfectly static,
motion detected will be relative to the sensor, however, motion will also be detected if the background is
static but the sensor is moving. In both cases, the output is valid because there is motion, but the task of
narrowing the output to what is desired falls upon the installation and enclosure design.
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9 Design Files

9.1 Schematics

To download the schematics, see the design files at TIDA-00489.
PIR Bypass Capacitors
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J -
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24. Power and PIR Sensor Schematic
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User and Reset Switches
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25. Wireless MCU Schematic
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9.2 Bill of Materials
To download the bill of materials (BOM), see the design files at TIDA-00489.
% 5. Low-Power PIR Motion Detector With Sub-1GHz Wireless Connectivity Enabling 10-Year Coin Cell Battery Life BOM
ITEM DESIGNATOR QTY VALUE PARTNUMBER MANUFACTURER DESCRIPTION PG YIEE
REFERENCE

1 IPCB1 1 ISE4042 Any Printed Circuit Board
Pyroelectric Infrared Sensors for Reflow

2 a1 1 3.6mVp-p IRS-B210ST01-R1 MuRata e 3 o oes. SND 4.7%4.7mm

3 BT1 1 BS-7 Memory Protection Devices | Battery Holder, CR2032, Retainer clip, TH CR2032 holder

4 |ci1,c55 2 100uF C3216X5R1A107M160AC TDK fZAO% (igc?M' 100 uF, 10V, +/- 20%, X5R, 1206_190

5 |c2 1 10uF C1608X5R0J106M TDK iy CERM. 10117, 6.3V, +1- 20%, X5R, 0603

6 |c3 1 10uF GRM155R60J106ME44D MuRata gﬁ;’ CERM, 10 UF, 6.3V, +/- 20%, X5R, 0402

7 |ca, cos5 2 1uF C1608X7R1C105K TDK il CERM. 1Y, 16V, +- 10%, X7R, 0603

8 |cs 1 1uF C1005X5R1A105K050BB TDK gﬁ;’ CERM, 1 uF, 10V, +/- 10%, X5R, 0402

9 |ce, c7 2 0.1uF C1005X7R1H104K050B8 TDK CAP, CERM, 0.1 4F, 50 V, +1- 10%, X7R, 0402

10 |c8,Co9, C26 3 0.01uF C1005X7R1C103K TDK CAP, CERM, 0.01 uF, 16 V, +/- 10%, 0402
X7R, 0402

C10, C11, C27, C53, CAP, CERM, 1000 pF, 50 V, +/- 10%,

1| e Coy 6 1000pF C1005X7R1H102K TDK SO oxon 0402
CAP, CERM, 100 pF, 25 V, +/- 5%,

12 |c12,c28 2 100pF C0402C101J3GACTU Kemet CooNPo. 0402 0402

13 |c13 1 33uF C2012X5R1A336M125AC TDK e CERM. 33IF, 10, *1- 20%, X5R, 0805

C14, C16, C18, C19, CAP, CERM, 0.1 iF, 50 V, +/- 10%, X7R,

1| o Cos Coa 7 0.1uF C1005X7R1H104K TDK s 0402
CAP, CERM, 0.01 iF, 25V, +/- 10%,

15 |c15 1 0.01uF C1005X7R1E103K TDK SO oxon 0402

16 |c17 1 3.3uF C1005X5R1A335K050BC TDK gﬁ;’ CERM, 3.3 uF, 10V, +/- 10%, X5R, 0402
CAP, CERM, 1000 pF, 25 V, +/- 5%,

17 |c21 1 1000pF C1005COG1E102] TDK CoaNPo. ba02 0402

18 | C24,C30 2 2200pF C1005X7R1H222K TDK SR SaosM, 2200 pF, SOV, +/-10%, 0402
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7% 5. Low-Power PIR Motion Detector With Sub-1GHz Wireless Connectivity Enabling 10-Year Coin Cell Battery Life BOM (continued)

PACKAGE
ITEM DESIGNATOR QTY VALUE PARTNUMBER MANUFACTURER DESCRIPTION REFERENCE
C31, C33, C34, C35, CAP, CERM, 0.1 pyF, 6.3V, +/- 10%, X7R,

19 C36. C39 6 0.1uF GRM155R70J104KA01D MuRata 0402 0402

20 C32, C37 2 22uF C1608X5R0J226MO080AC TDK ggg; CERM, 22 yF, 6.3 V, +/- 20%, X5R, 0603

21 | ca0 1 1uF GRM188R70J105KA01D MuRata ey CERM, LUF, 6.3V, +I- 10%, XTR, 0603
CAP, CERM, 12 pF, 25V, +/- 5%,

22 C41, C42 2 12pF GRM1555C1E120JA01D MuRata COGINPO, 0402 0402
CAP, CERM, 3.6 pF, 50 V, +/- 5%,

23 C43, C47 2 3.6pF GRM1555C1H3R6CA01D MuRata COGINPO, 0402 0402
CAP, CERM, 100 pF, 50 V, +/- 5%,

24 C44, C51 2 100pF GRM1555C1H101JA01D MuRata COGINPO, 0402 0402
CAP, CERM, 2.7 pF, 50 V, +/- 5%,

25 C48 1 2.7pF GRM1555C1H2R7CA01D MuRata COGINPO, 0402 0402
CAP, CERM, 6.2 pF, 50 V, +/- 5%,

26 C49 1 6.2pF GRM1555C1H6R2CA01D MuRata COGINPO, 0402 0402
CAP, CERM, 3.3 pF, 50 V, +/- 5%,

27 C50 1 3.3pF GRM1555C1H3R3CA01D MuRata COGINPO, 0402 0402

28 C52 1 0.6pF GJM1555C1HR60BB01D Murata CAP, CERM, 0.6pF, 50V, NPO/COG, +- 0402
0.1pF, 0402

Micro Commercial . o

29 D2, D3 2 75V 1N4148X-TP Components Diode, Switching, 75V, 0.3 A, SOD-523 SOD-523

30 |E1 1 ANTENNA_HELICAL N/A E}%Eﬂ?”te””a' There is nothing to buy or Antenna
Machine Screw, Round, #4-40 x 1/4,

31 H1, H4, H6, H8 4 NY PMS 440 0025 PH B&F Fastener Supply Nylon, Philips panhead Screw

32 H2, H3, H5, H7 4 1902C Keystone Standoff, Hex, 0.5"L #4-40 Nylon Standoff

33 H9 1 IML-0669 MuRata Lens, Ceiling Mount, TH D12xH8.508mm

Header, 2.54 mm,

34 J1, J6 2 87898-0204 Molex Header, 2.54 mm, 2x1, Gold, R/A, SMT 2x1, RIA, SMT

35 J2 GRPB052VWVN-RC Sullins Connector Solutions | Header, 50mil, 5x2, Gold, TH Header, 5x2, 50mil

36 J3 TSW-102-07-G-S Samtec Header, 100mil, 2x1, Gold, TH 2x1 Header

37 L1 1 1500 ohm BLM18HE152SN1D MuRata Femte pead 1500 ohm @ 100 MHz, 05 0603
Inductor, Multilayer, Ferrite, 6.8 pH, 0.11

38 L2 1 6.8uH MLZ2012N6R8LT000 TDK A, 0.25 ohm, SMD 0805

39 |L3 L5 2 7.5nH LQW15AN7N5GO0D MuRata thdmuctg’(/,lgv rewound, 7.5 nH, 0.57 A, 0.13 1x.5x.5mm
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7% 5. Low-Power PIR Motion Detector With Sub-1GHz Wireless Connectivity Enabling 10-Year Coin Cell Battery Life BOM (continued)

PACKAGE
ITEM DESIGNATOR QTY VALUE PARTNUMBER MANUFACTURER DESCRIPTION REFERENCE
40 |L4 1 18nH LOW15AN18NJIO0D MuRata Inductor, Wirewound, 18 nH, 0.37 A, 0.27 1x.5x.5mm
ohm, SMD
41 |Le, L7 2 6.8nH LOW15ANGN8GO0D MuRata Inductor, Wirewound, 6.8 nH, 0.7 A, 0.09 1x.5x.5mm
ohm, SMD
42 |L8 1 11nH LOW15AN11INGOOD MuRata Inductor, Wirewound, 11 nH, 0.5 A, 0.14 1x.5x.5mm
ohm, SMD
43 Q1 1 -20V S12323DS Vishay-Siliconix MOSFET, P-CH, -20 V, -3.7 A, SOT-23 SOT-23
44 R1 1 0 CRCWO08050000Z0EA Vishay-Dale RES, 0, 5%, 0.125 W, 0805 0805
45 R2 1 619k CRCWO0402619KFKED Vishay-Dale RES, 619 k, 1%, 0.063 W, 0402 0402
46 R3 1 6.81k CRCWO04026K81FKED Vishay-Dale RES, 6.81 k, 1%, 0.063 W, 0402 0402
47 R4 1 1.30Meg CRCWO04021M30FKED Vishay-Dale RES, 1.30 M, 1%, 0.063 W, 0402 0402
48 R5 1 1.50Meg CRCWO04021M50FKED Vishay-Dale RES, 1.50 M, 1%, 0.063 W, 0402 0402
49 R6 1 68.1k CRCWO040268K1FKED Vishay-Dale RES, 68.1 k, 1%, 0.063 W, 0402 0402
0, -
50 R7, R8, R9, R10, R11 5 15Meg RMCF0805JT15M0 Stackpole Electronics Inc RES, 15 M, 5%, 0.125 W, AEC-Q200 0805
Grade 0, 0805
51 R12, R13 2 47.5k CRCW040247K5FKED Vishay-Dale RES, 47.5 k, 1%, 0.063 W, 0402 0402
52 | R16, R18, R19, 5 0 CRCWO04020000Z0ED Vishay-Dale RES, 0, 5%, 0.063 W, 0402 0402
53 R15 100k CRCWO0402100KFKED Vishay-Dale RES, 100 k, 1%, 0.063 W, 0402 0402
54 S1, 82 B3U-1000P Omron Electronic Components | SWITCH TACTILE SPST-NO 0.05A 12V 3x1.6x2.5mm
55 SH-J1, SH-J3, SH-J6 1x2 969102-0000-DA 3M Shunt, 100mil, Gold plated, Black Shunt
56 | TP1, TP2 2 Black 5001 Keystone Test Point, Miniature, Black, TH Black Miniature
Testpoint
. . Yellow Miniature
57 TP6, TP7 2 Yellow 5004 Keystone Test Point, Miniature, Yellow, TH Testpoint
58 | TP8, TP9, TP13 3 SMT 5015 Keystone Test Point, Miniature, SMT Testpoint_Keystone_
Miniature
350 nA Rail-to-Rail /0 Nanopower
59 U2A, U2B 2 LPV802DGKR Texas Instruments Operational Amplifier Family, DGKO008A DCKOO005A
0.9-V to 6.5-V, Nanopower Comparator,
60 U3, U4 2 TLV3691IDCK Texas Instruments DCKOOO5A DCKOO005A
ESD in 0402 Package with 10 pF
Capacitance and 6 V Breakdown, 1
61 U5, U6, U7, U8 4 TPD1E10BO6DPYR Texas Instruments Channel, -40 to +125 degC, 2-pin X2SON DPY0002A
(DPY), Green (RoHS & no Sb/Br)
Sub-1 GHz and 2.4 GHz Multi-standard
62 U9 1 CC1310F128RGZR Texas Instruments RF IC Family, RGZ0048A RGZ0048A
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% 5. Low-Power PIR Motion Detector With Sub-1GHz Wireless

Connectivity Enabling 10-Year Coin Cell Battery Life BOM (continued)

PACKAGE
ITEM DESIGNATOR QTY VALUE PARTNUMBER MANUFACTURER DESCRIPTION REFERENCE
63 |v1 1 FC-12M 32.7680KA-A3 Epson Crystal, 32.768kHz, 12.5pF, SMD Crystal
! T T ! 2.05x.6x1.2mm
SMD, 4-Leads, Body
64 |v2 1 T5X-3225 24 0900MF206- Epson Crystal, 24 MHz, 9 pF, SMD 2.65x3.35mm,
Height 0.6mm
65 Cc29 0 22uF C1608X5R0J226MO080AC TDK géAoF; CERM, 22 yF, 6.3 V, +/- 20%, X5R, 0603
66 |c3s 0 0.1uF GRM155R70J104KA01D MuRata ey CERM, O-LUE, 6.3V, /- 10%, XTR, 0402
CAP, CERM, 12 pF, 25V, +/- 5%,
67 C45, C46 0 12pF GRM1555C1E120JA01D MuRata COGINPO, 0402 0402
CAP, CERM, 1 pF, 50 V, +/- 5%,
68 C54 0 1pF GRM1555C1H1R0CA01D MuRata COGINPO, 0402 0402
FID1, FID2, FID3, Fiducial mark. There is nothing to buy or
69 FID4, FID5, FID6 0 N/A N/A mount. N/A
70 J4 TSW-106-07-G-S Samtec Header, 100mil, 6x1, Gold, TH 6x1 Header
71 J5 CONSMAO001-SMD-G Linx Technologies Jack, SMA, PCB, Gold, SMT SMA Jack
72 R17 0 CRCWO04020000Z0ED Vishay-Dale RES, 0, 5%, 0.063 W, 0402 0402
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9.3 PCB Layout Recommendations
To ensure high performance, the Low-Power PIR Motion Detector With Sub-1GHz Wireless Connectivity
Enabling 10-Year Coin Cell Battery Life TI Design was laid out using a four-layer PCB. The second layer
is a solid GND pour, and the third layer is used for power rail routing with GND fills in unused areas. The
top and bottom layers are used for general signal routing and also have GND fills in unused areas. For all
of the TI products used in this Tl Design, adhere to the layout guidelines detailed in their respective
datasheets.
Additionally, because of the low-power design and the resulting high-impedance paths present in the
design, keep the signal routes in the analog sensor path between the PIR sensor output and the window
comparator input as short as possible with adequate GND fill around these signals.
If this design is to be used in an environment where dust or moisture accumulation is possible, be aware
that it may be necessary to include a conformal coating to eliminate additional leakage paths due to the
operating environment over time.
The antenna on this TI Design is the miniature helical PCB antenna for 868 MHz or 915 MHz. See the
application note DN0O38 (SWRA416) for more details about layout and performance.
9.3.1 Layout Prints

To download the layout prints, see the design files at TIDA-00489.

TIDA-00489
ISE4042 E2

For evaluation only;
not FCC approved for resale.

28. Top Layer 29. GND Layer
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32. Bottom Solder Mask 33. Bottom Silkscreen

be——25. 4 0mm——>
34. Board Dimensions

9.4 Altium Project

To download the Altium project files, see the design files at TIDA-00489.
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9.5 Layout Guidelines

35.00mn

75.00mi

; 4

Solid ground plane on Layer 2 Via stitching to ensure a low No copper pqur around the
Power routed on Layer 3 impedance path is available for antenna section
RF noise

For the integrated DC-DC converter in the
CC1310, the input capacitors C37 and
C39, inductor L2, and output capacitor C32
are placed such that the current loop area
formed by these components is minimized.

35. Low-Power PIR Motion Detector Reference Design Layout Guidelines
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9.6 Gerber Files

To download the Gerber files, see the design files at TIDA-00489.

1 [ 2 [ 3 [ 4 5 6
Cager [Name Material Thickness | Constant | Board Layer Stack
1 Top Overlay }'
2 TDE Solder Solder Resist | 0.40mi] 3.5
Top Layer Copper —42m1
4 Dielectricl 370HR 9.00m1 | 4.5
Signal Lagyer 1 | Copper 42m1
A Dielectric 3| 370HR 5.00m1 [ 4.5 A
Signal Lager 2 | Copper - 42m1
Dielectric 2__| 370HR 9.00m1__ | 4.5
Bottom Layer Copper . 42m1l
] Bottom Solder Solder Resist | 0.40mi] 3.5
1 Bottom Overlay
DESIGN_INFORMATION
1 MN. TRACK WIDTH: 6 ML —
Impedance Control: MN, CLEARANCE: 6 mm
- N X _ - MN. VIA PAD SIZE: 20 ML
- Top layer contains 50 ohm impedance (+/- 10%) single ended using 15 mil lines (from E1 to US) MINNUM ANNULAR RNG 0.05mm (2WL) EXTERNAL
PER PC-D-275 CLASS 2 LEVEL C
REGISTRATION TOLERANCES: METAL +/= 5 ML, HOLES+/-_3 ML
MATERIAL:
[] rR-408 [X] FR-4 High Tg [ ] OTHER
5 THOKNESS: [ 62 ML (1.6mm) +/-10% [x]31 ML (0.8mm) +/-1f%
TOLERANCE: ANSI IPC—6012 TYPE 3 CLASS 2
[] omer +/-
BOW & TWIST: ANSI IPC—6012 TYPE 3 CLASS 2
] omer +~
DRILLING:
REFERENCE* AS SHOWN NC_DRIL FLES
PTH MIN COPPER THICKNESS: [X] 1ML [_JOTHER
. Symbol | Quantity | Finished Holo Sze | Plated | Hole Type BOARD FNISH: —
o | [rememmm [ [ SLKSCREEN: 0P [x]motiom
v || osomeasmm [em | s SIKSCREEN COLOR: [X]wHTE [] oTHER
v " sasem0zomm [ e [ Rowna SOLDER RESIST COLOR:
° o msomito700mm) | o | Rowna oreeN [ ]BE [ ] omer
x N sooomi 076zmm) | PTH | Round SURFACE FINISH: MMERSION GOLD (ENG) [ ] ENEPIG
o | woomigiotsom | pw [ rouna (] . TN/SLER 0R Qv [ ] OTHER
x| wosomisetmm | e [ Rowma
c o , womsonn | om | rons ARRAY/PANEL:  [] CUT AND TRM PER MECH LAYER 1 c
NC. ROUTE V. SCORE
o . sassamn @z00mm) | e | mouna
CERTFICATION:  MATERIALS AND WORKMANSHP FOR ALL PCBS
wsTont TO MEET OR EXCEED THE REQUREMENTS OF:
ANSI IPC-A-600F CLASS —>[ |1 s
UL 94v-0 RoHS  [_] OTHER _PER ORDER
ADDITIONAL REQUIREMENTS:
MCROSECTON: [ | YES
BARE BOARD ELEC. TEST: [ |NONE [X]REQURED [ ] PER ORDER
— MANUFACTURER'S UL: [ ]RAL [ |METAL
I§ TEXAS
INSTRUMENTS
PROECT TIE.
Wireless PIR Motion Detector
DESGNED FOR:
5 75. 00mm Public Release 5
FLE NAVE:
25, 40mm ISE4042E2_TID. PcbDoc
AL ARTHORK UIEWED FROM T0P SIOE SOARD #1 5E4042 REU £2 | SN REU: Not In VerstonConirol | 1% Inevomrts (b snwer 1o Tiemaors 6o ot sorrant e ey & compieiness 1 T speiscoion v oo
or any information contained therean. T andsor 1ts licensors do not uarrant that this design uill meet David Stout Krypton Solutions,/RS
LAYER NAME = HERBSeh@mesrs ons TID #:  TIDA-00489 the specifications, wll be suitable for your application o fit for any particular purpose, or wall operate 1n
an 1mpl 1on. TL andsor 11s licensors do not uarrant that the design 1s production uorthy. You should ALTUM DESGNER VERSION:
PLOT NAME = Fabrication Drauing GENERATED : 11,16,2015  3:35:36 PM ‘ TEXAS INSTRUMENTS completely validate and test your design implementation to confirm the system functionality for your application. SCALE: 1.00 14.3.14.34663
1 2 [ 3 [ 4 5 5
N N < e e b ke L]k e i
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9.7 Assembly Drawings

To download the assembly drawings, see the design files at TIDA-00489.

e1dl[ rii E \L/EEJMEJ
ol ©
cEE

H

> I[c4z2]

@E

37. Top Assembly Drawing
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X 38. Bottom Assembly Drawing

JAJU218B—October 2015—Revised October 2016 =AM TLOE] DN T Y i 5 FE B 9 5SUb-1GHZ U A ¥ L REEfE X Iis O 51
BIPIRE—ar T 704
TIDUAUL FHARAR — ST OBERERCEE http://www-s.ti.com/sc/techli TIDUAU1
Copyright © 2015-2016, Texas Instruments Incorporated


http://www.tij.co.jp
http://www-s.ti.com/sc/techlit/TIDUAU1.pdf
http://www.ti.com/tool/TIDA-00489

13 TEXAS
INSTRUMENTS

Software Files www.tij.co.jp

10
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111

12

Software Files

To download the software files, see the design files at TIDA-00489.
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