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1. Introduction

The sensor puck demonstrates Silicon Laboratories optical sensor (Sil147-M01) RH and temperature sensor
(Si7021) and low power MCU (EFM32G210 “Gecko”). The data is broadcast using a Bluetooth Low Energy (BLE)
module and can be displayed on a mobile device (Apple iOS or Android) that supports the BLE protocol.

By using broadcast mode, a connection does not have to be established, making it possible to display the data
from several modules at the same time.

2. Evaluation Kit Description
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Figure 1. Silicon Labs Sensor Puck

The evaluation kit consists of a sensor puck with a battery and the on/off switch in the off position. Install the battery
if it is not installed. The + terminal of the battery faces away from the board towards the + terminal of the battery
holder. Remove the pull tab separating the battery from the battery holder if needed. When the switch is turned on,
the puck will automatically start taking and broadcasting data. For the puck itself, there is no installation required.
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The data that is broadcast is generally displayed on a mobile device. To display the data the Silicon Labs Sensor
Puck app must be installed on the mobile device. The application is available for no charge from the Apple App
Store or the Google Play Store. (Search for Silicon Labs Sensor Puck.)

3. Operation

m  Environmental mode

e Measures ambient light, UV index, ambient temperature, and ambient humidity.

e This is the default mode of operation and the lowest power.

e In this mode of operation measurements are taken and broadcast (once per second).

e The LED flashes green once per measurement cycle.

e The battery current consumption in this mode is approximately 1.5 mA average, which means that a standard CR2032
battery will last about five days. The battery for this demo is not rechargeable so it must be replaced if it is depleted.

m Biometric mode

e At the once per second interval for environmental monitoring, the puck checks for the presence of an object over the

Si1147-MO01 (under the acrylic cover).

If an object is detected the puck will go into biometric mode and attempt to measure heart rate.

Heart rate is measured by the reflection of IR light from an LED inside the Si1147-MO1.

The light is reflected from a finger-tip to measure the heart rate.

In biometric mode the power consumption goes up to 7 mA, so battery life will decrease to about one day in this mode.

In biometric mode, the LED will flash red while it is acquiring the heartbeat and then switches to continuous green once

the heartbeat has been acquired.

e To avoid excessive power drain in case the puck is left on and covered with an object, the puck will exit biometric mode
after 90 seconds. In this case, the object must be removed and a finger should be placed over the acrylic cover to start
biometric monitoring again.

e The data from the puck is broadcast over a BLE “advertisement” packet. The mobile device that displays the data does
not need to make a connection to the puck. For this reason, it possible that a single mobile device (i.e. a phone) can
display data from multiple pucks.
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4. Sensor Puck Applications

There is a Sensor Puck app for iOS devices and another Sensor Puck app for Android devices. Both apps are
named “Silicon Labs Sensor Puck”.

The iOS Sensor Puck app can be installed from the Apple App Store. The iOS app runs on devices with iOS 7 and
higher, and has Bluetooth 4.0 hardware. Silicon Labs has verified that the iOS app runs on iPhone 4S, 5, 5S, 6 and
6 Plus. The iOS app also runs on iPad 3 and 4.

The Android Sensor Puck app can be installed from the Google Play Store. The Android app runs on devices with
Android version 4.3 and higher, and has Bluetooth 4.0 hardware. Silicon Labs has verified that the Android app
runs on the following devices: Samsung Galaxy S4, Samsung Galasy S5, Samsung Galaxy Tab 3, Motorola
Moto E, Motorola Moto G, HTC Desire, HTC One Max, LG Nexus 5, LG G Flex, Sony Z1, Sony T2 Ultra, and Asus
Nexus 7.

When the puck is in environmental mode, the Silicon Labs Sensor Puck app displays the environmental screen:
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Figure 2. Android Environmental Screen
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The environmental screen displays the environmental sensor measurements and the battery status. The puck
name is displayed at the top of the screen. The temperature scale can be changed between Celsius and
Fahrenheit by tapping the small C and F buttons.

When the puck is in biometric mode, the Android Sensor Puck displays the biometric screen.

2 N 7T 40101 AM

= Silicon Labs Sensor Puck

Puck 7047 =

Y

Heart Rate

69 bpm

Remove finger from HRM
to measure environment

Figure 3. Android Biometric Screen
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The iOS Sensor Puck app does not have a biometric screen. The iOS app displays the heart rate in the lower right
corner of the environmental screen:
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If there are several sensor pucks, you can use the navigation drawer to select a different puck. To open the
navigation drawer, tap on the three-line icon in the upper left corner of the screen or swipe from the left edge of the
screen.
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Figure 5. Navigation Drawer
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You can change the name of a puck by tapping on the edit icon to the right of the puck name.
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Figure 6. Puck Name
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5. Sensor Puck Hardware Description

5.1. Schematics

Figure 7 shows the block diagram of the puck with debug header MCU, the sensors, and the Bluetooth module.
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Figure 7. Block Diagram

Figure 8 shows the power section. The CR2032 battery is used to power most of the ICs. A boost converter is used
to produce 4.1 V which is used to power the LED of the Si1147 so it can be driven at higher current than is possible
with a coin cell battery.
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Figure 8. Power Section

Figure 9 shows the EFM32G210 “Gecko” MCU. The 24 MHz clock is only used in active periods. For lower power
consumption, the internal 32 KHz R-C clock is used as much as possible. A special calibration routine is used to
calibrate the 32 KHz clock against the 24 MHz crystal for accuracy in the UART communication speed while in low
power mode.
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Figure 9. EFM32G210 MCU
Figure 10 shows the Si7021 RH and temperature sensor as well as the Si1147-MO01 optical sensor.
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Figure 10. Sensors
Figure 11 shows the BLE module and LEDs.
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Figure 11. BLE Module and LEDs
5.2. Bill of Materials

Table 1. Sensor Puck BOM

Quantity Reference Value Voltage | Tol Manufacturer Manufacturer
Part Number
1|BH1 20 mm BATTERY BAT-HLD-001 |LINX TECHNOLO-
HOLDER GIES INC.
1|C1 0.1 yF 16V 110% | CO402X7R160- |Venkel
104K
8|C2,C3,C4,C5,C6,C11 (0.1 pF 0V +10% | C0402X7R100- |Venkel
, C16,C17 104K
1|C7 10 pF 6.3V 120% | CO603X5R6R3- |Venkel
106M
1/C8 1.0 yF 6.3V +10% | CO402X5R6R3- |Venkel
105K
2(C9,C10 10 pF 50V +5% | C0402C0G500- |Venkel
100J
2(C12,C13 47 uF 6.3V +20% | CO805X5R6R3- |Venkel
476M
1|/D1 598-8410-207CF 598-8410-207CF | Dialight
1(J1 Header 2x5 TH M50-3500542 |Harwin
1/L1 47 pH +20% | NR 3012T 470M | Taiyo Yuden
3|R3,R4,R5 10K +1% CR0402-16W- |Venkel
1002F
3|R8,R9,R10 499K +1% CR0402-16W- |Venkel
4991F
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Table 1. Sensor Puck BOM (Continued)

Quantity Reference Value Voltage | Tol Manufacturer Manufacturer
Part Number

1/R11 47 +1% | CRO0402-16W- |Venkel
47ROF

2|R13,R14 2K +1% | CRO0402-16W- |Venkel
2001F

4| SF4,SF5,SF6,SF7 BUMPER SJ61A6 3M

1/swi SW_SLIDE_2POS NK236H Apem Inc.

4| TPV1,TPV2,TPV5,TP | TPV N/A N/A

V6

2|TP1,TP2 RED 151-207-RC | Kobiconn

11Ul BCM20732i 3.3V BCM20732i iDevices

1|1U2 EFM32G210 33V EFM32G210F12 |SiLabs
8-QFN32

1|/U3 24 MHz FA-238 Epson

24.0000MB

11U4 TS3310 5V TS3310ITD1022 | SiLabs

1{U5 Optical Sensor Si1147-M01-GM | SiLabs

1|/U6 Si7021 Si7021-A10-GML1 | SiLabs

5.3. Layout

Figure 12 shows the layout of the puck. The Bluetooth module has a keep and area and is placed on the backside
to avoid antenna detuning. The inner power and ground layers are not shown.
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Figure 12. Silkscreen, Front and Back Metal
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6. Sensor Puck Firmware

No firmware download is hecessary to use the puck as it comes preprogrammed with firmware, but the capability to
view and modify the firmware source code is available in Simplicity Studio.

It is possible to download, debug, and even modify this code within Simplicity Studio, however, to connect the puck
to Studio you will need two additional pieces of hardware. First, a standard 9-pin Arm Cortex debug cable is
required (not supplied). This cable can be ordered from Segger (see the link below).
http://segger.com/jlink-adapters-9pin-cortexm.html

Secondly, an EFM32 development kit with a 20-pin debug out header, such as the Zero Gecko STK, is required
(also not supplied). The cable connects the 20-pin debug out header on the EFM32 development kit to the 9-pin
debug header on the puck (J1).

Steps to program the firmware of the Sensor Puck:

m Install and launch the latest version of Simplicity Studio (www.silabs.com/simplicity).
m Connect the 20-pin header of the programming/debug cable to the EFM32 development kit.
m Connect the 9-pin header of the programming debug cable to the Sensor Puck.
m Slide Sensor Puck power switch to ‘ON’.
m Select DBG mode on the power switch of the EFM32 development kit.
m Connect a USB cable from PC to EFM32 Development kit J-Link connector.
m If the EFM32 development kit is not connected automatically, select ‘Detect Connected Device'.
m  Once the kit is recognized, select the tile ‘Kit Manager’ shown below to configure the development kit to debug
out mode.
e — EE)
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Q Use Parametric Search... l—] &V m ( ) r v
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Figure 13. Simplicity Studio Launch Screen
®
12 Rev. 1.0

SILICON LABS


http://segger.com/jlink-adapters-9pin-cortexm.html
http://www.silabs.com/simplicity

Sensor Puck

Next, set the debug mode to ‘Out’ in the dialog shown below.

<= Kit Manager ﬁ

Adapter Information

i USE ;
Serial Number 440020572
Vendor Segger

Kit Information
MName EFM32 Zero Gecko Starter Kit
Board ID ERD2010A Rev, ADD
Serial Number 140703245
Firmware Version 0v8pl13b439

Update Kit

Installation Package

Install Package

Debug Mode: Out -

Addressing Mode:

MCU Information

MName EFM32GG330F1024
Architecture ARM
Locked false
Revision 1D
Production ID 139
Flash Size 1024 kB
SRAM Size 128 kB
Unique ID 0:24b4010253fdd081

®

Figure 14. Kit Manager Dialog

To use the development kit subsequently without the puck, it is necessary to revert this setting before
disconnecting the puck.

To open the source code in Simplicity Studio, launch the Software Examples wizard by clicking on the Software
Examples tile (see Figure 13). Then select Sensor_Puck as the kit. Click ‘Next’ and select the sensor_puck source
code.

This will load the source code in the Silicon Labs IDE where it can then be viewed, edited, compiled, and
downloaded from within Simplicity Studio. The details of doing this are beyond the scope of this document.
Note: Sensor Puck is planned to be supported in V3.0 of Simplicity Studio. Prior to V3.0, the source code will be provided at

www.silabs.com/sensor-puck. To load the project into Simplicity Studio, use the steps in the readme document in this link
instead of the Software Examples wizard.

Rev. 1.0 13

SILICON LABS


http://www.silabs.com/sensor-puck

Sensor Puck

CONTACT INFORMATION

Silicon Laboratories Inc.
400 West Cesar Chavez
Austin, TX 78701

Tel: 1+(512) 416-8500

Fax: 1+(512) 416-9669

Toll Free: 1+(877) 444-3032

Please visit the Silicon Labs Technical Support web page:
https://www.silabs.com/support/pages/contacttechnicalsupport.aspx
and register to submit a technical support request.

Patent Notice
Silicon Labs invests in research and development to help our customers differentiate in the market with innovative low-power, small size, analog-
intensive mixed-signal solutions. Silicon Labs' extensive patent portfolio is a testament to our unique approach and world-class engineering team.

The information in this document is believed to be accurate in all respects at the time of publication but is subject to change without notice.
Silicon Laboratories assumes no responsibility for errors and omissions, and disclaims responsibility for any consequences resulting from
the use of information included herein. Additionally, Silicon Laboratories assumes no responsibility for the functioning of undescribed features
or parameters. Silicon Laboratories reserves the right to make changes without further notice. Silicon Laboratories makes no warranty, rep-
resentation or guarantee regarding the suitability of its products for any particular purpose, nor does Silicon Laboratories assume any liability
arising out of the application or use of any product or circuit, and specifically disclaims any and all liability, including without limitation conse-
quential or incidental damages. Silicon Laboratories products are not designed, intended, or authorized for use in applications intended to
support or sustain life, or for any other application in which the failure of the Silicon Laboratories product could create a situation where per-
sonal injury or death may occur. Should Buyer purchase or use Silicon Laboratories products for any such unintended or unauthorized ap-
plication, Buyer shall indemnify and hold Silicon Laboratories harmless against all claims and damages.

Silicon Laboratories, Silicon Labs, and DSPLL are trademarks of Silicon Laboratories Inc.
Other products or brandnames mentioned herein are trademarks or registered trademarks of their respective holders.
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Mbl MOf04aA M aKTUBHO Pa3BMBAIOLLAACA KOMMAHWA B 061acTM  MOCTaBOK
3NEKTPOHHbIX KOMMOHEHTOB. Mbl NOCTAaBASEM  3/IEKTPOHHbIE  KOMMOHEHTbI
OTEYEeCTBEHHOIrO U MMMOPTHOIO NMPOWU3BOACTBA HAMPAMYIO OT NPOU3BOAMUTENEN U C
KpYMHEMLWKNX CKNaZ0B MUpa.

Enaro,a,apﬂ coTpygHn4ecTtesy C MMpPOBbIMU NOCTaBWMKaMWN Mbl OCYLLECTBIAEM
KOMMNNEKCHbIE N NN1aHOBblE MNMOCTABKU LumpoqaﬁLuero CNEeKTpa 3/1EKTPOHHbIX
KOMMOHEHTOB.

CobcTtBeHHan 3¢p@eKTUBHAA NOrMCTUKA M CKNag B obecneunBaeT HageKHYHo
MOCTaBKy MNPOAYKLMM B TOYHO YKa3aHHble CPOKM Mo Bcel Poccum.

Mbl ocyuiecTBisem TEXHUYECKYI0 MNOALEPKKY HAWWM  K/IMEHTaMm U
npeanpoaaxkHyto NPOBEPKY KayecTsa NpoayKumu. Ha Bce noctaBnsiemble NpoAyKTbl
Mbl MPEAOCTaBASEM TFAPaAHTUIO .

OcyuwiectBndem nNOCTaBKM NpoOAYKUMM nog, KoHTponem Bl MO PO Ha
npeanpuATUA BOEHHO-NPOMbIWIEHHOTO KoMnaekca Poccuun , a TakKe paboTtaem B
pamkax 275 ®3 c OTKpbITUEM OTAE/bHbIX CHETOB B YNONHOMOYEHHOM BaHKe. Cuctema
MeHeXMeHTa KayecTBa KomnaHum cooTBeTcTByeT TpeboBaHuam FOCT ISO 9001.

MWHUMaNbHbIE  CPOKM  MNOCTAaBKW, TMOKME  UeHbl, HeorpaHWYeHHbIN
aCCOPTUMEHT UM WHAMBMAYANbHbLIN MNOAXOA K KAMEHTaM ABAAIOTCA OCHOBOW ANA
BbICTPAMBaHMA A0FOCPOYHOIO M 3GPEKTUBHOIO COTPYAHMYECTBA C NPEeANPUATUAMM
PaANO3NEKTPOHHOMW NPOMBIWAEHHOCTU, NPEeanPUATUAMM BMNK u HayuHo-
nccnenoBaTeNbCKUMKU MHCTUTYTaMm Poccun.

C Hamu Bbl CTAaHOBMUTECH elle ycnewHee!
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