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MISSION STATEMENT

The increased demand for wireless connectivity in portable electronic devices has driven manufacturers
to deliver ever-smaller, more cost effective solutions. This makes the integration of RF into a single

product more and more complex and increases technical risk while in the mean time the product
development cycle has to be reduced.

At Insight-SiP we rapidly solve these challenges. Based on a system-in-package approach we make
complex RF systems easy to integrate in any existing or future portable application. We contribute to
reduce our customer’s product development cycle and accelerate their product’s release-to-market.

Insight SiP, it’s all in the package!

) u ‘
Nick Wood Chris Barratt Michel Beghin
President Chief Technical Officer Chief Executive Officer
[=] 55z [=]
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COMPANY PROFILE

Insight SiP provides turn-key design services and creative packaging solutions to customers who need
highly integrated systems to meet wireless and portable devices space requirements. Insight SiP expertise
in RF circuit miniaturization and system-in-package (SiP) technology enables product development to
reach the goals of smaller size and ever increasing functionality requested by the market today. It’s all in
the package! In shorter time!

Founded in 2005, with headquarter in the hearth of Sophia-Antipolis France, Insight Sip has a global
presence with offices Asia and North America.

Design Service

We make complex RF systems easy to integrate in any existing or future portable application. We
contribute to reduce our customer’s product development cycle and accelerate their product release-to-
market. The RF design methodologies we have developed help solve the issue of portability while allowing
for greater integration. This novel design methodology is aimed at allowing easy transfer of integrated
passive circuit design from one supplier to another and even from one technology to another.

The turn-key design services for highly integrated solutions we propose is based on a unique design
methodology that ensures close to first pass design success. We deliver timely high performance and
cost-effective solutions.

Antenna-in-Package (AiP) solutions

Insight SiP is leading system miniaturization where the antenna is no longer a separate component within
the wireless device but is integrated in the package, thus the concept of antenna-in-package or AiP. Today
in each mobile device there are numerous communication modules and it is understandable that the
integration of the antenna into the module brings a huge advantage in terms of cost and performance.

Modules

Insight SiP proposes ready-to-use RF modules to module manufacturers and ODMs. They are the optimal
solutions for designers looking to add wireless connectivity to a product without a complex and time
consuming development cycle. These modules can be personalized to meet customer specific
requirements and technical constraints.

Design Successes

Insight SiP has designed a series of ultra-miniature wireless modules for various applications such as 3G,
4G/LTE, 60Ghz, ANT, Antenna Tuning, BLE, Bluetooth®, GSM/W-CDMA, GPS/Glonass, ISM, NFC, RFID,
Wireless Sensor Modules, Software Define Radio, Transfer Jet, Ultra-miniature Antennas, UMTS, UWB,
WHDI™  Wifi, WLAN, Zigbee ® ...

Customers

Insight SiP has a diverse client base which includes tier one OEM’s, leading chipset vendors and hi-tech
innovative startup companies.

June 1, 2015 Page1-4 Document Ref: isp_ble_Catalog_R2.3.docx

Insight SiP — Green Side — 400 avenue Roumanille — BP 309 — 06906 Sophia-Antipolis Cedex — France — www.insightsip.com r_.__ﬁs‘ it sp
The information contained in this document is the property of Insight SiP and should not be disclosed to any third party = -;fl
without written permission. Specification subject to change without notice. " 3|



Insight SiP QUALITY

It's all in the package

CERTIFICATIONS
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Manufacturer Process Certifications

Insight SiP is highly focused on product quality. In order to provide its customer with the best
reliability, Insight SiP has qualified global asian CEMs which are offering a huge level of
manufacturing certification to produce its Smart Modules range of products.

We can therefore ensure the following quality standards in production:
- ISO9000 standards and several other certifications

- OHSAS18001 — Health and Safety management

- 1ISO13485 — Medical requirements

- AS9100 — Aerospace requirements

- QS9000 — Automotive requirements

s
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PRODUCT DISCONTINUITY

Normally a product will continue to be manufactured as long as all of the following are true:
- The manufacturing method is still available.

- There are no replacement products.

- There is demand for it in the market.

In case of obsolescence, Insight SiP will follow Jedec Standard JSD-48. A Product
Discontinuation Notice (PDN) will be sent to all distributors and made available on our website.
After this, the procedure goes as follows:

- Last Order Date will be 6 months after the PDN was published.

- Last Shipment Date will be 6 months after Last Order Date, i.e. 12 months after PDN.

DISCLAIMER

Insight SiP’s products are designed and manufactured for general consumer applications, so
testing and use of the product shall be conducted at customer’s own risk and responsibility.
Please conduct validation and verification and sufficient reliability evaluation of the products in
actual condition of mounting and operating environment before commercial shipment of the
equipment. Please also pay attention (i) to apply soldering method that don’t deteriorate reliability,
(i) to minimize any mechanical vibration, shock, exposure to any static electricity, (iii) not to
overstress the product during and after the soldering process.

The products are not designed for use in any application which requires especially high reliability
where malfunction of these products can reasonably be expected to result in personal injury or
damage to the third party's life, body or property, including and not limited to (i) aircraft equipment,
(i) aerospace equipment, (iii) undersea equipment, (iv) power plant control equipment, (v)
medical equipment, (vi) transportation equipment, (vii) traffic signal equipment, (viii) disaster
prevention / crime prevention equipment.

The only warranty that Insight SiP provides regarding the products is its conformance to
specifications provided in datasheets. Insight SiP hereby disclaims all other warranties regarding
the products, express or implied, including without limitation any warranty of fithess for a particular
purpose, that they are defect-free, or against infringement of intellectual property rights. Insight
SiP customers agree to indemnify and defend Insight SiP against all claims, damages, costs and
expenses that may be incurred, including without any limitation, attorney fees and costs, due to
the use of products.

0
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ISP130301

Bluetooth Low Energy Module

with Integrated Antenna

BLE MODULE
ISP130301

Key Features

Applications

<+ Single Mode BLE v4.1 Slave or Master

4+ Based on Nordic Semiconductor nRF51 family
+ 2.4GHz low energy RF Transceiver

+ 32bit ARM Cortex MO CPU

4 256kB Flash and 16 kB SRAM

4+ Analog and Digital peripherals

+ Ultra Low Power Consumption

<+ Single 1.8 to 3.6 V supply

+ Very small size 8.0 x11.0 x 1.2 mm

<+ Temperature -40 to 75 °C

+ Fully integrated RF matching and Antenna
4+ Integrated 16 MHz and 32.768 kHz Clocks

Certifications

4+ Complies with FCC

<+ Complies with CE

+ Complies with IC

+ Complies with TELEC
+ Bluetooth SIG certified
4+ ROHS compliant

<+ Space constrained BLE Slave Devices
= Sport and fitness sensors

<+ Health care sensors

<+ Out of Range (OOR) sensors

<+ Personal User Interface Devices (PUID)
+ Remote controls

General Description

4 DCDC

Converter ADC x 8

SWD Interface

GPIO

UART

ARM

Mo
Cortex T

nRF51xxx

4« ISP130301

This module is based on nRF51822 Nordic
Semiconductor 2.4GHz wireless System on Chip
(SoC) integrating a 2.4 GHz transceiver, a 32 bit
ARM Cortex™-M0 CPU, a flash memory, and
analog and digital peripherals. It can support BLE
and a range of proprietary 2.4 GHz protocols, such
as Gazell from Nordic Semiconductor.

Fully qualified BLE stacks for nRF51822 are
implemented in the S100 series of SoftDevices
which can be freely downloaded. ISP130301 can
then be used in Master and Slave modes for BLE
and for both ends of other proprietary protocols.
The ANT protocol can be handled on request.

The module is specifically designed for both PC
peripherals and ultra low power applications such
as sports and wellness sensors. Ultra low power
consumption and advanced power management
enables battery lifetimes up to several years on a
coin cell battery. Even though its very small size
8x11x1.2mm, the module integrates decoupling
capacitors, 16 MHz and 32 kHz crystals, load
capacitors, DC-DC converter, RF matching circuit
and antenna in addition to the wireless SoC.

The module forms a standalone BLE node

for which only the addition of a suitable DC power source is necessary for proximity or Out of Range
applications. Sensor applications require only the further addition of the appropriate sensors. As the
module has several end applications, the antenna was designed to be compatible with several ground
plane sizes such as USB dongle or cell phone.

e [=]
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1. Electrical Specifications

Electrical Performance

The specifications of the module follow those of the nRF51822. The following high level parameters are
given for the module.

The operating temperature range is -40 to +75 °C with the following performances.

Parameter Value ‘ Unit
Supply Voltage 1.810 3.6 \%
Peak current, receiver active (supply at 2.1V) 12.6 mA
Peak

ea cyrrent, . 16 mA
transmitter active +4 dBm Output Power
Peak current,

10.5 A

transmitter active 0 dBm Output Power m
Current drain, connection-less state, no RAM retention 0.6 WA
Current drain between connection events 2.6 WA
Crystal stability 32.768 kHz +/- 20 ppm

Pin Assignment

The module uses an LGA format with a double row of pads on a 0.65 mm pitch. The pad layout follows
the QFN Jedec standard for 2 row LGA parts.

Pads 1 thru 56 are signal pins 0.4 x 0.4 mm, Pad 57 is an exposed metal pad that is connected to ground.
The NC pads are 0.8 x 0.8 or 0.4 x 0.4 mm and are to be connected to isolated metal pads on the
application PCB for mechanical stability and reliability (drop test).
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Pin ' Name Pin function ~ Description

1 PO_07 Digital I/O General purpose I/O pin

2 NC Not Connected Isolated pad on application PCB for mechanical stability

3 PO_09 Digital I/O General purpose I/O pin

4 NC Not Connected Isolated pad on application PCB for mechanical stability

5 PO_13 Digital I/O General purpose I/O pin

6 NC Not Connected Isolated pad on application PCB for mechanical stability

7 PO_19 Digital I/O General purpose I/O pin

8 NC Not Connected Isolated pad on application PCB for mechanical stability

9 PO_17 Digital I/O General purpose I/O pin

10 NC Not Connected Isolated pad on application PCB for mechanical stability

11 PO 20 Digital I1/0 General purpose I/O pin

12 VSS Ground Should be connected to ground plane on application PCB

13 NC Not Connected Isolated pad on application PCB for mechanical stability

14 VSS Ground Should be connected to ground plane on application PCB

15 NC Not Connected Isolated pad on application PCB for mechanical stability

16 VSS Ground Should be connected to ground plane on application PCB

17 NC Not Connected Isolated pad on application PCB for mechanical stability

18 VSS Ground Should be connected to ground plane on application PCB

19 NC Not Connected Isolated pad on application PCB for mechanical stability

20 VSS Ground Should be connected to ground plane on application PCB

21 NC Not Connected Isolated pad on application PCB for mechanical stability

22 VSS Ground Should be connected to ground plane on application PCB

23 VSS Ground Should be connected to ground plane on application PCB

24 OUT_MOD Module 1/0 This pin is the RF I/O pin of the BLE module. It should be connected
to Pin 26 OUT_ANT for normal operation. During certification the pin
may be connected via to an RF connector for module measurement
using a Bluetooth test setup.

25 VDD_PA PA supply PA supply indicates Transmit mode (Active High)

26 OUT_ANT Antenna 1/O This pin is connected to the internal antenna. It should be
connected to Pin 24 OUT_MOD for normal operation. During
certification the pin may be connected to an RF connector for
antenna measurement

27 VSS Ground Should be connected to ground plane on application PCB

28 VSS Ground Should be connected to ground plane on application PCB

29 VCC_nRF Power Power supply (1.8 — 3.6V). VDD in nRF51822 doc.

30 VSS Ground Should be connected to ground plane on application PCB

31 SWDCLK Digital Output HW debug and flash programming 1/0

32 PO _18 Digital 1/0 General purpose 1/O pin

33 SWDIO- Digital 1/0 System reset (active low). Also HW debug and flash

NRESET programming I/O

34 PO _16 Digital 1/0 General purpose 1/O pin

35 PO_15 Digital 1/0 General purpose 1/O pin

36 PO_14 Digital I/O General purpose I/O pin

37 PO_12 Digital I/O General purpose I/O pin

38 PO_10 Digital I/O General purpose I/O pin

39 PO_11 Digital I/O General purpose I/O pin

40 PO_05-AIN6 | Digital I/O General purpose I/O pin

Analog input ADC input 6
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Pin ' Name Pin function Description
41 PO_06-AIN7- | Digital I/O General purpose 1/O pin
AREF1 Analog input ADC input 7
Analog input ADC Reference voltage
42 P0O_03-AIN4 | Digital I/O General purpose 1/O pin
Analog input ADC input 4
43 PO_04-AIN5 | Digital I/O General purpose I/O pin
Analog input ADC input 5
44 PO_01-AIN2 | Digital I/O General purpose I/O pin
Analog input ADC input 2
45 PO_31 Digital I/O General purpose I/O pin
46 PO_02-AIN3 | Digital I/O General purpose I/O pin
Analog input ADC input 3
47 PO_30 Digital I/O General purpose I/O pin
48 PO_00- Digital I/O General purpose I/O pin
AREFO Analog input ADC Reference voltage
49 PO 29 Digital I/O General purpose I/O pin
50 PO_28 Digital I/O General purpose I/O pin
51 PO 24 Digital I/O General purpose I/O pin
52 PO_23 Digital I/O General purpose I/O pin
53 PO 21 Digital I/O General purpose I/O pin
54 PO 22 Digital I/O General purpose I/O pin
55 P0O_25 Digital I/O General purpose I/O pin
56 PO_08 Digital I/O General purpose I/O pin
57 GND_EP Ground Exposed metal pad. Should be connected to ground plane on
application PCB

June 1, 2015
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Electrical Schematic

Electrical schematic showing ISP130301 module connections
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2. RF Performances

RF Specifications according to standards

BT V4 o
Parameter Std limit Condition
Channels
Output Power -20to +4 -20to 10 dBm 0 to 39
Better than Channels
RF Frequency tolerance +/-20 +/- 50 Hz 010 39
o Level for BER
Rx sensitivity -93 -70 dBm <0.1% ideal Tx
Open field @1m
Max range > 200 m height
EIRP 4.6 dBm
Antenna Gain 0.6 dBi
Rx sensitivity 51.4 dBuv/im
Typical Antenna Return Loss
Module mounted on a USB dongle ground plane
0
—_\\\\ ///____,_.—4
@ ®
oM |
©
-12 T T T T T
2.0 21 22 2.3 24 25 2.6 2.7 2.8 2.9 3.0
freq, GHz
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Radiation Pattern in 3 planes
Module mounted on a USB dongle ground plane

—gain (dBi) @ 2.45GHz

——gain (dBi) @ 2.45GHz

Ground Plane Effect Simulation

- &L

USB dongle Cell phone config 1
ground plane ground plane
(size : 18 x 30 mm?2) (size : 40 x 100 mm?2)

Cell phone config 1 with
side ground plane
(size : 40 x 100 mm?2)
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Cell phone config 2 with Cell phone config 3 with
side ground plane side ground plane
(size : 40 x 100 mm?2) (size : 40 x 100 mm?2)

— Cell phone config 1 with side ground plane
Return loss ,dB

— Cell phone config 2 with side ground plane
— Cell phone config 3 with side ground plane

— Cell phone config 1 ground plane

— USE dongle ground plane

-24 T T T [T T T T [T T T T[T T T T[T I T T[T T T T [ TT T T[T ITT[TTT1
2.0 21 22 2.3 24 25 26 27 2.8 29

freq, GHz
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3. Product Development Tools

Interface

ISP130301 integrates a full microprocessor interface with up to 32 General Purpose 1/O pins (GPIO) and
several functions (2 x SPI, 2 x 12C, UART, 8 x ADC, SWDIO interface).

Hardware
The following development kit is recommended for using and testing ISP130301 module:

+ Insight SiP Development Kit (ISP130301-DK1), need to be purchased separately

Development Tools and Software
The following development tools and software are recommended for using and testing ISP130301 module:

4+ Nordic Semiconductor nRFgo Studio (downloadable from www.nordicsemi.com after purchasing
ISP130301-DK1)

<+ Nordic Semiconductor Master Control Panel (downloadable from www.nordicsemi.com after
purchasing ISP130301-DK1)

+ Keil MDK-ARM Lite (downloadable from https://www.keil.com/demo/eval/arm.htm)

4+ Segger J-Link Lite (downloadable from http://www.segger.com/jlink-software.html)

4+ S100 nRF51822 SoftDevice: fully qualified Bluetooth low energy stacks for nRF51822 integrated in
ISP130301 module. The S100 series of SoftDevices (object code, no source) can be downloaded from
www.nordicsemi.com after purchasing ISP130301-DK1

4+ nRF51 Software Development Kit (SDK): nRF51 SDK can be downloaded from www.nordicsemi.com
after purchasing ISP130301-DK1. It contains example of source codes applications (C language):
- Precompiled HEX files
- Source code
- Keil ARM project files
- IAR project files

- GCC project files

Insight SiP — Green Side — 400 avenue Roumanille — BP 309 — 06906 Sophia-Antipolis Cedex — France — www.insightsip.com =
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4. Mechanical Outlines

Mechanical Dimensions

Dimensional drawing for 8 x 11 x 1.2 mm, 57-Pad LGA Package

*
~ =¥01mm S
PIN 1 INDICATOR™ .= = = = - - = SR—— l ~
-
C03mm P AN E g R
~§ 1 Z
E § -~ R |~
] & Y
__Av
o~ d o L~
Siven 11mm

June 1, 2015 Page 3-10 Document Ref: isp_ble_Catalog_R2.3.docx =iz

Insight SiP — Green Side — 400 avenue Roumanille — BP 309 — 06906 Sophia-Antipolis Cedex — France — www.insightsip.com
The information contained in this document is the property of Insight SiP and should not be disclosed to any third party
without written permission. Specification subject to change without notice.




Insight Si? BLE MODULE
It's allinhe package ISP1 30301
HOME| << |

SMT Assembly Guidelines

Recommended PCB Land Pattern and Solder Mask layout. Complete information is available on request.

solcder
opening

2 0. 828

. 5

™

:, 1 . .‘2-02,:.":“;.
ol '
v e »

825 o

e
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Antenna Keep-Out Zone

Recommended metal keep out areas for optimal antenna performance:
no metal, no traces and no components on any layer except mechanical LGA pads.

18.0 mm min

Metal exclusion
zone to edge
of board (no
metal on any
layer except
mechanical

LGA pads)

board

w gzZle"s

TOP VIEW
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5. Packaging

Marking ®

R 001-A03467

I1slP| 113 ol3lol1lcC IC: 11306A-I1SP130301

Yyivyiwlw FCC ID: 2AAQS-ISP130301
Model: ISP130301C
YYWW

ISP130301 Product number

C Hardware version

YY Two digit year number

WW Two digit week number

Prototype Packaging

For engineering samples and prototype quantities
up to 99 units, deliveries are provided in thermoformed
trays.

Trays

For higher quantities and volume production, ISP130301 are available in Jedec trays. They are delivered
in sealed pack with desiccant pack and humidity sensors. These Jedec trays are also suitable for further
baking. Please see section 6 for more information on moisture sensitivity.

Jedec trays are proposed in standard quantities of 100 units, 200 units and multiples of 200 units only.

Please refer to tray sizes and module positioning below. Complete information on Jedec trays is available
on request.
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+ + + + + + + +
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576 /—SEE DETAIL “H* 8XR2.54 MAX
[a] < |
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SEE DETAIL *T* 2.54
255.3 234 =343 =

Tape and Reel

ISP130301 are also available in Tape & Reel. They are delivered in sealed pack with desiccant pack and
humidity sensors. Reels are proposed in standard quantities of 500 units (180mm / 7” reel) or 2000 units
(330mm / 15” reel) only.

Please refer to tape size below. Complete information is available on request.

Pa Po

20401 (1) -’—]- 4.0£0.1 (1)
—"— 030£0.05 #1.55£0 05 *I 175501

R e e e .
. | | ! ! :
uinui IR
1. 1.6 01 —— __\é_ ___é} i _‘4)__ >
A R 0.3
Typical \‘\ | ’ ‘ |
L 1 ! |
I | ' '
Ao 8.20 +/- 0.1 '
Bo 11.60 +/— 0.1 __l
Ko 2.50 +/— 0.1
K P Ao
° F 11.50 +/= 0.1 —
P1 12.00 +/— 0.1
W 24.00 +/- 0.3
June 1, 2015 Page 3-14 Document Ref: isp_ble_Catalog_R2.3.docx =iz
Insight SiP — Green Side — 400 avenue Roumanille — BP 309 — 06906 Sophia-Antipolis Cedex — France — www.insightsip.com S
The information contained in this document is the property of Insight SiP and should not be disclosed to any third party [.%

without written permission. Specification subject to change without notice. E| £



Insight SiP BLE MODULE
It's irT'the O ISP1 30301

HOME| <<« |

6. Storage & Soldering information

Moisture Sensitivity

All plastic packages absorb moisture. During typical solder reflow operations when SMDs are mounted
onto a PCB, the entire PCB and device population are exposed to a rapid change in ambient temperature.
Any absorbed moisture is quickly turned into superheated steam. This sudden change in vapor pressure
can cause the package to swell. If the pressure exerted exceeds the flexural strength of the plastic mold
compound, then it is possible to crack the package. Even if the package does not crack, interfacial
delamination can occur.

Since the device package is sensitive to moisture absorption, it is recommended to bake the product before
assembly. The baking process for dry packing is 24 hours at 125°C.

ISP130301 has been tested MSL-5 according to standards. After baking, modules can be exposed to
ambient room conditions (approximately 30 °C/60%RH) during 48 hours before assembly on the PCB.

Soldering information

Recommendation for RoHS reflow process is according to Jedec J-STD-020 and 033 standard profiles.

T B U 2o W °
ﬂ p ¥ t +Tc -5°C
Max. Ramp Up Rate = 3°C/s P

o Max. Ramp Down Rate = 6°C/s

= T v f : |

=] * L :

b Tsmax Preheat Area \

()] i 1

1S

()

o

] 1

() ts

|_

25
f——— Time 25°C to Peak
Time —>

Preheat/Soak Peak package body temperature (T 260°C
Temperature Min (Tsmin) 150 °C packag yemp (Te) (+0/-5°C)
Temperature Max (Tsmax) 200 °C Classification Temperature (Tc) 260 °C
Time (ts) from (Tsmin tO Tsmax) 60-120 sec Time (tp) maintained above Tc-5 °C 30 sec
Ramp-up rate (TL to Tp) 3 °C/sec max Ramp-down rate (Tp to Tv) 6 °C/sec max
Liquidous temperature (TL) 217 °C . o
Time (t.) maintained above T. 60-150 sec Time 25 °C to peak temperature 8 mn max

June 1, 2015 Page 3-15 Document Ref: isp_ble_Catalog_R2.3.docx E'--:E
Insight SiP — Green Side — 400 avenue Roumanille — BP 309 — 06906 Sophia-Antipolis Cedex — France — www.insightsip.com %
The information contained in this document is the property of Insight SiP and should not be disclosed to any third party [.% f".

without written permission. Specification subject to change without notice. [E]RLEx g



Insight SiP BLE MODULE
It's ir:'the O ISP1 30301

HOME| << |

7. Quality & User information

Certifications

4+ FCC Identifier 2AAQS-ISP130301 — Certificate N° 142180643/AA/00

4+ CE: Complies with 1999/5/EC, EN300328 V1.8.1, Statement N° 142140199/AA/00
4+ |C Certification N° 11306A-1SP130301 — Telefication N° 142170180/AA/00

4+ TELEC certification N° 001 — A03467

4+ Bluetooth SIG certified N° D024444

4+ ROHS compliant

USA - User information

This intends to inform how to specify the FCC ID of our module “ISP130301” on the product. Based on the
Public Notice from FCC, the host device should have a label which indicates that it contains our module.
The label should use wording such as: “Contains FCC ID: 2AAQS-ISP130301”.

Any similar wording that expresses the same meaning may be used.

The label of the host device should also include the below FCC Statement. When it is not possible, this
information should be included in the User Manual of the host device:

“This device complies with part 15 of the FCC rules. Operation is subject to the following two conditions.
(1) This device may not cause harmful interference

(2) This device must accept any interference received, including interference that may cause undesired
operation.

Caution: Any Changes or modifications not expressly approved by the party responsible for compliance
could void the user’s authority to operate the equipment.”

CANADA - User information

This intends to inform how to specify the IC ID of our module “ISP130301” on the product. According to
Canadian standards “RSS-210” and “RSS-Gen”, the host device should have a label which indicates that
it contains our module.

The label should use wording such as: “Contains IC: 11306A-ISP130301”.

Any similar wording that expresses the same meaning may be used.

The label of the host device should also include the below IC Statement. When it is not possible, this
information should be included in the User Manual of the host device:

“This device complies with Industry Canada licence-exempt RSS standard(s). Operation is subject to the
following two conditions: (1) this device may not cause interference, and (2) this device must accept any
interference, including interference that may cause undesired operation of the device.

Le présent appareil est conforme aux CNR d'Industrie Canada applicables aux appareils radio exempts
de licence. L'exploitation est autorisée aux deux conditions suivantes : (1) I'appareil ne doit pas produire
de brouillage, et (2) l'utilisateur de I'appareil doit accepter tout brouillage radioélectrique subi, méme si le
brouillage est susceptible d'en compromettre le fonctionnement.”
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Discontinuity

Normally a product will continue to be manufactured as long as all of the following are true:
- The manufacturing method is still available.

- There are no replacement products.

- There is demand for it in the market.

In case of obsolescence, Insight SiP will follow Jedec Standard JSD-48. A Product Discontinuation Notice
(PDN) will be sent to all distributors and made available on our website. After this, the procedure goes as
follows:

- Last Order Date will be 6 months after the PDN was published.

- Last Shipment Date will be 6 months after Last Order Date, i.e. 12 months after PDN.

Disclaimer

Insight SiP’s products are designed and manufactured for general consumer applications, so testing and
use of the product shall be conducted at customer’s own risk and responsibility. Please conduct validation
and verification and sufficient reliability evaluation of the products in actual condition of mounting and
operating environment before commercial shipment of the equipment. Please also pay attention (i) to apply
soldering method that don’t deteriorate reliability, (ii) to minimize any mechanical vibration, shock,
exposure to any static electricity, (iii) not to overstress the product during and after the soldering process.

The products are not designed for use in any application which requires especially high reliability where
malfunction of these products can reasonably be expected to result in personal injury or damage to the
third party's life, body or property, including and not limited to (i) aircraft equipment, (i) aerospace
equipment, (iii) undersea equipment, (iv) power plant control equipment, (v) medical equipment,
(vi) transportation equipment, (vii) traffic signal equipment, (viii) disaster prevention / crime prevention
equipment.
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ISP130301-DK1
Bluetooth Low Energy
Wireless

Sensor Development Kit
for ISP130301

General Description

In order to assist clients in developing their
Bluetooth Smart solutions based on the ISP130301,
Insight SIP offers a Sensor Development Kit. This
consists of the following Sensor Board, containing:

<+ One Interface Board

<+ J-Link Lite CortexM-9 JTAG/SWD Emulator
+ One Test Board

<+ One Sensors Board

+ A Development Dongle

+ 51SP130301 module samples

+ Cables, power supply and coin battery holder
<+ Smartphone is NOT included

Using this development kit, product developers can
use a working solution as starting point to develop
their own products. Time to market is saved by
avoiding starting from a blank sheet of paper. In
addition, there may be some applications that use
the hardware as is.
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Applications

Possible applications include:

=+ Sports accessories (movement etc)
+ Healthcare accessories(heart rate)
%+ Alarms (temperature excess)

+ Pressure detection

The miniature size of the Insight solution means it
could be comfortably worn, or is able to fit into a
small space.

Please refer to the application note AN140101 for
more information on kit implementation.

Specific Skills

If a product developer lacks skills in any of the
crucial areas to develop a working solution, then
Insight SIP can offer custom design services to
cover all of the following areas

=+ Custom hardware development
=+ Addition/replacement of different sensors
<+ Software development

Custom SIP development

Document Ref: isp_ble_Catalog_R2.3.docx % o
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AN140101
Use of ISP130301-DK1

INntroduction

Scope

This document gives details on hardware and software for using and testing Insight SiP Bluetooth Low
Energy module ISP130301.

Contents
1. Recommended DOCUMENTALION .........uuuiiii i ee et s e e e e e e e e e s e e e e e e e e aata s e e eeaeeaanees Page 5-2
2. ISP130301-DK1 Hardware CONENT.........cceoeeeieeeeee e Page 5-3
3. Software INSTAllAtioN ...........oooiiiiiiii Page 5-4
4, Hardware DESCHIPLION ......coiiiiiiiiee et e e et e s e e e e e e e e et a e e e e e e e e e ettt e e e e eaeeeesttanaaeeaees Page 5-5
5. Basic Application using ISP130601 TeSt BOArd............cccovvviiiiiiiiiiiiiiiiiiiieeeeeeeeeeeeee Page 5-8
6. Basic Sensor Application With ISPL3100L ........ccoooiiiiiiieeeeeeeeeeee e Page 5-20
]
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1. Recommended Documentation

The following Nordic Semiconductor documents and Dev Kits (software portion) are required to
understand the complete setup and programming methods:

Documents:

+ nRF51822 Development kit User Guide (hardware section should be partially ignored — ISP
development kit hardware replaces Nordic Semiconductor hardware).

4+ nRF51 Series Reference Manual.

+ nRF51822 PS (data sheet).

+ S110 nRF51822 SoftDevice Specification.

+ nRF51 SDK.

Dev Kkits (software portion):

<+ nRFgo Studio.

+ nRF51 Software Development Kit (SDK):
- Precompiled HEX files.
- Source code.
- Keil ARM project files.

+ S110 nRF51822 SoftDevice.

+ Master Control Panel.

To access these files, go to www.nordicsemi.com and log in to your Nordic My Page account, enter your
product key and download the files. Instructions can be found in Chapter 3.

ISP documents that complement the above:

4+ AN140101 App Note — this document.

= DS130301 module data sheet.

% ISP130601 Test Board schematic SC130602.

= ISP131001 Sensors Board schematic SC131002.
% ISP130603 Interface Board schematic SC130604.
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2. I1SP130301-DK1 Hardware Content

1 x ISP130603 1x ISP130601 1x ISP131001
Interface Board Test Board Sensors Board

1 x J-Link Lite CortexM-9

5 x ISP130301 module
JTAG/SWD Emulator

samples

1 x nRF51822
Development Dongle

(PCA10000) 1 x Battery Holder

CR2032

1 x FPC jumper cable 22 pin

1 x FPC jumper cable 14 pin P 1 - CR2032
1 x FPC jumper cable 10 pin

1 x 10 pin connector

1 x 2-lead patch cable

1 x USB cable
1 x 5V power supply
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3. Software Installation

This paragraph shows you the steps to follow for software installation.

1. Download and install Keil MDK-ARM Lite from https://www.keil.com/demo/eval/arm.htm to your hard
drive.

2. Download and run the J-Link Software and documentation pack for Windows from
http://lwww.segger.com/jlink-software.html. The serial number from your SEGGER J-Link hardware is
needed to identify your device and can be found printed on the chip on the J-Link Lite emulator board.

3.  Go to www.nordicsemi.com and log in to your Nordic My Page account.

4. Select MY KEYS from the left menu. This takes you to the My Keys page.

5. Enter the product key (included in this kit) into the Product Key field and click Add.

6. Click MY PRODUCTS in the left menu.

7. From the Add product dropdown, select the product name and click Add. The chosen product is now
listed in the below Overview, My Products table.

8. Inthe Overview, My Products table click the Downloads link next to the product name to go directly to
the relevant product page download section.

9. Download, install and run nRFgo Studio (Make sure to download the last version updated).
10. Download, install and run Master Control Panel. The software is on the CD and if you want the last
version, you can find it on the Nordicsemi website. (x86 is for 32 bits windows and x64 is for 64 bits

windows)

11. Download and run the nRF51 SDK installer. Make sure to choose the Keil MDK-ARM installer option
(Make sure to download the last version updated).

12. Download the S110/ S120 nRF51822 SoftDevice (Make sure to download the last version updated).
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4. Hardware Description

4.1 ISP130301 Module

ISP130301 is a Bluetooth Low Energy module with integrated antenna.

This module is based on Nordic Semiconductor nRF51822 2.4 GHz wireless SoC. nRF51822 integrates
nRF51 series 2.4 GHz transceiver, a 32 bit ARM Cortex™-M0 CPU, flash memory, and analogue and
digital peripherals. nRF51822 can support Bluetooth low energy and a range of proprietary 2.4 GHz
protocols. The ISP130301 module measures 8 x 11 x 1.2 mm3. The module integrates all the decoupling
capacitors, the 16 MHz and 32 kHz crystals, their load capacitors, the DC-DC converter component, the
RF matching circuit and the antenna in addition to the wireless SoC. For more details, see Insight SiP
module data sheet (document DS130301).

4.2 ISP130601 Test Board

ISP130601 is the basic application test board that has dimensions of 18 x 30 mm2.

{
ISP130601A

2013.51
C0004

'llﬁmd 'mmmi
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It encloses:

<+ |SP130301 BLE module

+ 3 x FPC connectors in order to access the nRF51822 GPIOs:
- 1 x 10 pin FPC connector on top side of the board.
- 1 x 14 pin FPC connector on top side of the board.
- 1 x 22 pin FPC connector on bottom side of the board.

The ISP130601 electrical schematic is presented in document SC130602.

4.3 ISP131001 Sensors Board

ISP131001 is the sensor application board that has dimensions of 12.5 x 25 mmz2,

It encloses:

<+ ISP130301 BLE module.

+ ST Micro LPS331AP temperature and barometer sensor.

+ Freescale FXOS8700CQ 6-axis linear accelerometer and magnetometer sensor.
4+ Rohm SML-P11MTT86 mini-LED.

4+ Software to read/drive the sensors.

<+ Removable 10 pin FPC connector for software loading.

The ISP131001 electrical schematic is presented in document SC131002.

[eliE
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4.4 |SP130603 Interface Board

ISP130603 is the application type interface board that has dimensions of 86 x 80 mmz.

RS232 port header 22 pin FPC 10 pin FPC 14 pin FPC
(RXD and TXD) connector connector connector

Equivalent
to PORTO = 3 Current
on nRFgo 0. o - : ‘ ISP1306038 3 =~ ; measurement
Motherboard ¥ G el ‘ .23;305‘52 VCCoSENS1  »~ © , 4 pins
8 | : ‘ VGC.SENS2 .~ -
VCC_.nRF ~ —al.

s P@.03 VCC_App + - = Voltage
Equivalent | 0. ; VCG-App2RE . - | 135 I easurement
to PORT1 e = e PB.11 VDD_PA a pins
on nRFgo 2 .

Reset button

Motherboard

RS232 port header

Supply connector
(RTS and CTS)

5V DC
Equivalent
to PORT2
on nRFgo Not used
Motherboard
Equivalent Appb\llct.:
to PORT3 enable jumper
on nRFgo
Motherboard

JTAG RS232 serial port connector Set App Vcc
connector (Vce in mV =500 + Jumpers)

The ISP130603 electrical schematic is presented in document SC130604.

4.5 nRF51822 Development Dongle (PCA10000)

The reader should refer to the corresponding paragraph in nRF51822 Development Kit User Guide
document.
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5. Basic Application using ISP130601 Test Board

5.1 Basic BLE Proximity Application

This paragraph shows you how to set up and program a BLE proximity application on top of a SoftDevice
that will send data on a Bluetooth link from the ISP130601 Test Board to the Master Emulator. In order to
use Bluetooth Low Energy radio, the software is loaded in 2 parts:

=%+ S110 SoftDevice using nRFgo Studio (hex file, no source).
+ Proximity Application using Keil uVision4.

Then Master Emulator is connected and Proximity Application is launched.

S110 SoftDevice loading

1. Connect the SEGGER J-Link board to the ISP130603 Interface Board with the 10 pin flat cable (1.27
mm pitch, provided in the Development Kit).

2. Connect the provided USB cable from the J-link board to your computer.

3. Connect the ISP130602 Test Board to the ISP130603 Interface Board with the 10 pin, 14 pin and 22
pin FPC jumper cables (0.5 mm pitch, provided in the Development Kit)

4. To ensure that power supply starts correctly, disconnect Enable jumper, connect to OFF and then
Enable after supplying 5V from DC power supply (provided in the Development kit).
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5. Start nRFgo Studio.

6. Select nRF51 Programming.
7. Click Erase all.

I nRFgo Studio

File Wew nRFE001 Setup  Help
Features

i [ Front-End Tests
£ TH carrier wave aUbpUE
R constant carrierfLO leakage

TriR channel sweep nRF51&22
R sensitivity

i CEAADAO (0x0047)
B Eluetooth

-~ PRFEN01 Configuration Region 1 Program SoftDevice | Program Application | Pragram Bootloader |
- Dispatcher
- Trace Translator Programming of SoftDevice on nRF51 device
- Direct Test Mode
- RFa00Z

File ta progran: fsl82276.0.0,50Ftdewce.hax| [ Browse, .. I

[ Lock SoftDevice from readback

sftDerce sz ()

Size: 256 kB

Device Manager

- Matherboards

= nRFSl development dongles L Program H Verify ][ Read
H -~ Segger 480103054

nRF51 Programming

“nRFS51 Bootloader

- nRF24LUL+ Bootloaders

Addr: 0

Erase all

Log

x
() Mordic Semiconductor ASA 2008-2013
Erase completed
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8. Browse to SoftDevice hex file and click Program.

& 5110_nrf51822_6.0.0

Fichigr  Edition

Affichage  Favoris  Outils 2 ﬁ"

Précédente ~ (S -k "_.‘J Rechercher ||~ Dossiers -
& | i HH

Adresse [ Di\PascaliprojetsiMardic Semildocumentatiom\nRFS 18224 nRFS1822-Dks110_nrfS51822_6.0.0 b | (8] 4
A0 Mom - Taille = Type

Gestion des fichiers 2 [C)s110_nrf51622_6.0.0_AFT File Falder

e E] s110_nrf51522_6.0.0_license, bxt 7ko  Document texte
Iﬂ Renommer ce fichisr T )
- i o % s110_nrf51822_6.0.0_migration-document, pdf 109 Ko PDF-xChange Yiew,
E% Deéplacer ce fichier E] s110_nrf51822_6.0.0_readme.bxt 1Ko Document texte
Copier ce fichier P& <110_nrf51822_6.0.0_releasenates pdf 49K0  PDF-XChange View,

@ Publier ce fichier sur le Web

ﬁ Envover ce fichier par
courrier electronigus

¥ supprimer ce fichier

213 Ko Fichigr HEX

I nRFgo Studio
File  Wiew rRFAE00L Setup Help
Features x

B4 6 SEGGER to use: [518004330 ¥
= Frant-End Tests

> T¥ carrier wave output
= R constant carrisrfLO leskage

> TRy channel sweep nRF51522
“ R sensitivity CEAADAD (0x0047)
= Blustooth -
-~ nRFa001 Configuration Region 1 Program SoftDevice | Program Application || Program Bootloader |
Dispatcher
Trace Translator Programming of SoftDevice on nRF51 device
Direct Test Mode
nRFa002
Size: 176 kB File to program: fS1822_6.0.D_suftdewce.hex| [ Browse. .. ]

[ Lock SoftDevice from readback

SoftDesnce sze (61

Addr: 0x14000

Device Manager x

- Motherboards Regren @

= nRFS1 development dongles Size: 80 kB [ Program ][ “erify ][ Read
~ Segger 430103054

- nRFS1 Programming F¥:

~ PRFS1 Bootoader

MRFa4LUL+ Bootloaders S110_nRFS1622_6.0.0 (0x0043)

Erase all

Lag

{c) Nordic Semiconductar ASA 2008-2013
Erase completed
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Proximity Application loading

1. Start Keil uVision.
2. Select Project then Open Project in order to open ble_app_proximity. Make sure it is the right file
project. (Ex: C:\Keil_v5\ARM\Device\Nordic\nrf51822\Board\nrf6310\s110\ble_app_proximity\arm).

File Edit View Project Flash Debug Peripherals Tools SVCS  Window  Help
L L IEYIEE: BT EE | @ cemenomince vy B @ 0 0 O @ (B R
¥5 | nif51822 soaa_s110 (2561 v % ﬁ (=)
« -
nrf51822 _xaa_s110 [256K) Copyright (o) 2012 Nordic Semiconductor. A1l Rights Reserved. A
55 Starbup Code =
arm_startup_nrfS1.s The information contained herein is property of Nordic Semiconductor ASL.
system_nrfS1.c Terms and conditions of usage are described in detail in NORDIC
455 Source Code SEMICONDUCTOR STANDARD ZOFTWARE LICENSE AGEEEMENMT.
{27 Services Licensees are granted free, non-transfersble use of the information. NO
{27 Libraries WARRANTY of ANY KIND is provided. This heading must NOT he removed from
the file.
13 [/ %+ Bfile
14 *
15 * [@defgroup hle_=sdk app proximity main main.o
16 *
17 * Bingroup ble_ sdk_app_proximicy
15 * [@brief Proximity Sawple Application main £ile.
12 *
20 * Thisz file contains is the source code for a sample proximity application using the
21 * Immediate Alert, Link Loss and Tx Power services.
ZE *
23 * This application would accept pairing reguests from any peer device.
24 *
25 * It demonstrates the use of fast and slow advertising intervals.
26 #
BT i
28 #Hinclude <stdint.hs 3
| A Mt i . =)
Epr. |@F5o..| (3Fu. |[O4Te.. | || u | =]

J-LIMK / )-Trace Cortex I |
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3. Click Build Target and Load. If you have this message after click Load, it means that the power is not
enough and you have to increase the voltage by adding jumpers on the interface board.

JLink - Cortex-M Error 23|

@ No Cortex-M SW Device Found

OK

You can also load the hex file (generated after building target with keil uVision) by nRFgo studio in
the program application.

=X nRFgo Studio 4
File View nRF8001 Setup Help
Features X
4 24GHz SEGGER to use: (518004320 v | [ Refresh
4 Front-End Te...
TX carrie...
RX const... nRF51822
TX/RX c... CEAADOO (0x004d)
Risensit.. || [ Region 1 (Application) Program Application | Program Bootioader
4 Bluetooth
nRF8001 Co... Programming of Application on nRF51 device
Dispatcher
Trace Transl... S e File to program: (arm/_build/ble_app_proximity.hex
Direct Test .. [7] Lock entire chip from readback
nRF8002

Device Manager x

Motherboards

nRF51 Program...
nRF51 Bootloader
nRF24LU1+ Boo...

Address: 0x14000

Region 0 (SoftDevice)

Size: 80 kB

Firmware:

S110_nRF51822_6.0.0 (Id: 0x0049)

[ Program || verfy || Read

Browse to SoftDevice hex file and click Program. The file project is located for example:

C:\Keil_vB\ARM\Device\Nordic\nrf51_sdk_v6_0_0_43681\nrf51822\Board\nrf6310\s110\ble_app_pr
oximity\arm\_build).
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Master Emulator and Proximity Application

Connect Development Dongle PCA10000 (Master Emulator) into a USB port on your computer.
Start Master Control Panel.
Click Start Discovery.

wnN e

™ Master Control Panel

File  Help
I aster emulator

[ coMs - 4am 3054 v| 480103054 connected

Scan for devices

Stop discovery

Discovered devices

Mordic_Pras [0

Delete bond info

Log

[18:40:18.5] Loading...

[18:40:19.1] Device address: 0xF1F4COFFE348

[18:40:19.1] Master emulator firmware version: mefw_nif51822_0.9.0.10022
[18:40:22.0) Ready

[18:40:22 2 SEHVEH Server haz started
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4. After starting discovery, if no device appearing, disconnect and connect again the interface board
power supply.
5. If you have an error message as indicated in the photo :

&~ (]

No command complete event received.

o V]

It means that the nRF51822 Development Dongle (PCA10000) is not programmed. For your
information, please refer to the nRF51822 Development Kit User Guide document as indicated in our
application note ISP130301-DK1 part 4.5 on page 14-7. You can find this user guide on the
Nordicsemi website. The procedure to program the dongle (PCA10000) is described on page 13. |
enclose a copy of the user guide for your convenience.

1) Open the Master Control Panel from the Start menu (Start > All Programs > Nordic
Semiconductor > Master Control Panel).

2) Make sure the Development Dongle is detected. The Master Emulator item list should show
COMNN-xxxxxxxxx (nn gives the COM port number; xxxxxxxxx is the SEGGER serial number
printed on the dongle). Restart the application if it doesn’t appear in the item list. Before
continuing, make sure you have selected the correct device by verifying the serial number in
the item list with the serial number printed on the Development Dongle.

3) When you use the Development Dongle for the first time, you must first program it
with the Master Emulator Firmware.

In the Master Control Panel menu click File and select Flash Programming.

Click Browse. This opens a browser that automatically points to the location of the

mefw_nrf51822_<version>_firmware.hex (<version> will be replaced by a number

giving the version of the actual firmware).

The Master Control Panel Firmware file is located in:

C:\Program Files (x86) \ Nordic Semiconductor \ Master Control Panel

\<version>\firmware\

pcal0O000\MEFW_nRF51822_<version>_firmware.hex.

Select the Master Emulator Firmware file and click Open.

Click Program to start programming the selected device.

When the programming is finished click Exit to go back to the main window.

~ooooTw

oo a

6. Click Select Device.
7. On the following display, click successively on Bond, Service Discovery and Enable Services.
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™ Master Control Panel

File  Help
Master emulator

COME - 480103054 v | 480103054 cornected

Device info

Device address: DB2EDESC2E24  Bonded: True

Actions

Service discovery ] [ Bond ] [Disconnect] [ Disable services

Service Dizcoveny
- PrimaryService, Generic Attibute (0x1807)
[ CharacteristicD eclaration, Properties: Indicate, Characteristic UUID: 0x2405
- ServiceChanged, (Mo values read)
- CliertCharacteristicCanfiguration, CharacteristicConfigurationBits: Indication (0002]
(= PrimaryService, TxPower [0x1804)
E| CharacteristicD eclaration, Properties: Read, Characteristic JUID: Ox2407
" TwPowerlevel, Value: F&
(=) PrimaryService, Immediate Alert [041302)
= CharacteristicD eclaration, Properties: WiitewithoutResponse, Characteristic UUID: 0x2408
L AlertLevel, [Mo values read)
- PrimaryService, Link Loss [041803)
(- CharacteristicD eclaration, Properties: Read, Write, Characteristic UUID: 0x2406
- Aletlevel Value: 00
[=- PrimaryService, BatteryService [0x180F)
- CharacteristicD eclaration, Praperties: Read, Matify, Characteristic UUID: Dx2413
- Battery Level, Walue: 60
< - ClientCharacteristicConfiouration. CharacteristicConfiaurationits: Motification (00011 ! ; b
Attribute value

WD (O | Hande(mg| | Display as UITFE

W alue: @ hex O tewt | | [ Send update ]

Log

[18:43:42 2] Received a HandleW alueMotification on handle 0017 with value B3

[18:43:44.2] Received a HandleV aluet otification on handle 0017 with value B2

[18:43:45.5] Received Connection Parameter Update Fequest

[18:43:45.5] ConnectionParameterpdateR esponze sent with ACCEPTED responze

[18:43:45.5] Connection Parameters Update sent. Connlnterval: 500, 0mes, Slavelatency: 0, SupervisionT imeout: 4000, Oms
[18:43:4E.2] Received a HandleV alush otification on handle 0017 with value 51

2d a HandlealueMaotification on handle 0017 with value B0

>

| *

8. You can note Battery voltage is sent by the ISP130601 Test Board to the Master Emulator via the
Bluetooth link. The application is written to send a value that changes cyclically.

Important notification: The nrf51 sdk v6 0 0 examples are only compatible with SoftDevice
s110 _nrf51822 7.0.0 due to some API changes in the release. You can use nrf51_sdk_v5 2 0 instead
if you need to use SoftDevice s110_nrf51822_6.0.0.
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5.2 Direct Test Mode (UART)

This paragraph shows you how to set up and program the Direct Test Mode through the UART on
ISP130601 Test Board.

Direct Test Mode Set-up

1.

2.
3.
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Connect the SEGGER J-Link board to the ISP130603 Interface Board with the 10 pin flat cable (1.27
mm pitch, provided in the Development Kit).

Connect the USB cable from the J-link board to your computer.

Connect the ISP130601 Test Board to the ISP130603 Interface Board with the 10 pin, 14 pin and 22
pin FPC jumper cables (0.5 mm pitch, provided in the Development Kit)

On the ISP130603 Interface Board, connect the 2-lead patch cable in order to connect RXD to PO_16
and TXD to PO_17. Make sure the RXD/TXD labels match for each wire. This matches the default
setting in the SDK project ble_app_dtm (be careful: depending on the ble_app_dtm version, the ports
used could be different).

Connect a USB to serial cable converter from RS232 port connector of the ISP130603 Interface Board
to a USB port on your computer.

Connect the 5V DC power supply to the ISP130603 Interface Board.

vd~GaA %
Fu=ddy-90A - ax¥
ddy-29A

44U~ 20A

ZSN3S™0DA

TSN3ST02A

TvioL
1S4y
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Direct Test Mode Loading

1. Start Keil uVision (Version 4 or 5).
2. Select Project then Open Project in order to open ble_app_dtm (located in the S110 folder as in
5.1_Proximity Application Loading).

(%) D:WNordic Semiconductor\nRF51 SDK_v5.0.0.34603\Nor dic\nrf51 B22\Board\nrf6310\ble\ble app_dtmYarmible app dim.uvproj - pVision4

File Edit View Project Flash Debug Peripherals Tools SVCS  Window Help
NEsdd & 2@ PO RO EE | B oedenerennmeEy B 0 @0 0 & & [F - -\|
= A $9 | nrisi822mma 2sek) v 4N 44 B @
Project () E| main.c ] v X
(=524 nrfS1822_xxas (256K) 1[0/ * Copyright (c) 2012 Nordic Semiconductor. All Rights Reserwved. |
- Startup Code 2 -
system_nrfS1.c * The information contained herein is property of Nordic Semiconductor ASA. E
arm_startup_nefS1.s 4 * Terms and conditions of usage are described in detail in NORDIC ]
Source Code 5 * ZEMICCNDUCTOR STAWNDARD SOFTUARE LICENSE AGREEMENT. =
main.c 3 -
(=123 Libraries 7 % Licensees are granted free, non-transfersble use of the information. NO
ble_dtm.c g % WARRAMNTY of ANY KIND is provided. This heading wust NOT be remowved from
=] * the file.
10 *
11 W
1z -
13 /%
14 defgroup dtm standalone main.c
15 [
16 Bingroup ble_sdk_app dtm serial
17 [fhrief Stand-alone DTM application for UART interface.
18
15 | =
B0
21 #include <stdint.h>
22 #include <stdbool.h>
23 #include "nrf51.h"
24 #include "nrf51 hitfields.h"
25 #include "hle dtm.h"
26 #include "boards.h"
27 #include "nrf gpio.h"
2 v
Err. |@po.. ru. |04Te.. | ||€] I | E
Build Output Clx
J-LINK / )-Trace Cortex L1 .

3. Click Build Target and Load.
4. If you have the next error message, it means that you have not enough RAM to flash algorithm.
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File Edit View Project Flash Debug Peripherals Tools SVCS Window Help

NEda| s @] | Y = | @ paua Hae|ale o o &)
isiEen|w || rtsia22 b s110.spi [EFF T
Projet 2@ mainc | v x
=423 nrf51822 soab_s110_spi (128K) 1[/* Copyright (c) 2014 Nordic Semiconductor. All Rights Reserved. -
£3 Source Code = T
main.c 3 Semiconductor ASA.
£3 Libraries 4 SARDIC £
ble_advdata.c :
app_timer.c 7 ormation. NO
app_button.c B removed from
[#] softdevice_handler.c 9
[2] ble_debug_assert_handler.c 10
{51 ser_codecs 11
& ser_codecs mw 12
7 ser_utils 13k
14
{3 ser_hal
15 | * @defgroup ble_sdk app_dtm main main.c
{7 ser_hal_serial | . A
& cmsis 37 | « 5
& Device e |« BiET g-g— E file.
19 X
20 ] activation example.
21 | */ &k Error: Flash Download failed - "Cortex-M0"
22 L
23
24
25
26
27 -
28 "ble_advdata.h"
29 "ble_dtm_app.h"
30 "boards.h"
31 "nordic_common.h"
32 ude "softdevice_handle:.h"
33
34 #define DTM_INIT_BUTTON_PIN_NO BUTTON_O /**< Button to initializing DITM mode on co
35
36 #define READY LED_PIN_NO LED_O /**< LED indicating that the example is re
37 DTM_READY LED_PIN_NO LED_1 /**< LED indicating that the connectivity
38 #define ASSERT_LED PIN_NO LED 7 /**< Is on when application has asserted.
39 -
& Project | @ Books | {3 Functions | 0y Templates| || « [ I ] 3
Build Output L]
Watchpoints: 2 -
JTAG speed: 2000 kiHz
Insufficient RAM for Flash Algorithms !l L
T ]
Error: Flash Download failed - "Cortex-MO" -
<] il »
* JLink Info: FPUnit: 4 code (BP} slots and 0 literal s J-LINK / J-TRACE Cortex L1 c1
5. You can modify the size of the RAM Algorithm in :
Flash =2 Configure Flash Tools... and on the windows click on Debug =2 Settings
Click on Flash Download and maodify the size (put 0x02000).
ﬂ Options for Target 'nrf51822 xxab_s110_spi (128K)" - - . —— M‘ Cortex JLink/JTrace Target Driver Setup — g

Device | Target | Output | Listing | User | C/C++ | Asm | Linker Debug | Trace  Flash Download |

" Use Simulator Settings || ¢ Use: ~Download Function RAM for Algorithm
I Limit Speedto Real-Time Logp © EmseFulChp ¥ Program
‘Fa % Erase Sectors [V Verfy Start: |(20000000
¥ Load Application at Statup ¥ Runto main() [V Load Application at Statup ¥ Run to main() C DonotErase [V Resetand Run
Initialization File: Initialization File: F ing Algorithm
| I | o ipt i Device Type | Address Range I
Restore Debug Session Settings —————————————— Restore Debug Session Settings On-chip Flash 00000000H - 001FFFFFH

¥ Breakpoints ¥ Toolbox IV Breakpoints ¥ Toolbox

¥ Watch Windows & Performance Analyzer V' Watch Windows

¥ Memory Display ¥ System Viewer [V Memory Display ¥ System Viewer

Start: | Size:

CPU DLL: Parameter: Driver DLL: Parameter:
[saRmMCM3DLL | [saRmMcM3OLL | FSe
Dialog DLL:  Parameter: Dialog DLL:  Parameter:
[pARMCM1.DLL [oCMO ITAHMCM1.DLL [ecmo

OK | Cancel |  Defauts | Help

= — = —— — —

6. Click OK and load again the project.
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Direct Test Mode Testing

1. Start nRFgo Studio.
2. Select Direct Test Mode.

IS nRFgo Studio - Direct Test Mode UART interface

File View nRFS00L Sctup Help

Features X

EyTr Direct Test Mode UART interface

& Ffont-End Tests Set up on | V| [ Prograrn ]
- Th carrier wave oukput
£ R constant carrier/LO leakage
e TRJRY channel sweep Com port |COM1E| V| [Refresh list of com ports]
o R sensitivity
i Mode
[= Bluetooth
- nRFE001 Configuration (@ Transmit ) Receive
ispatcher
Channel
® single O sweep
Channel | 19 E |
Payload model |Cunstant carrier V|
Device Manager x
- Payload length 1 bytes
-+ Motherboards Ei g | il |
- nRFS1 Programming Packets received A
- nRFS1 Bootloader
“ IRF24LU1+ Bootloaders Start test

Log
{C) Mordic Semiconductor ASA Z008-2013

3. For details on how to use the Direct Test Mode, press F1 to open the nRFgo Studio help.

Important notification: Erase all before loading the ble_app_dtm. The SoftDevice must not be loaded, only
the ble_app_dtm with uvision or with nRFgo studio in “Program Application” (load the ble_app_dtm.hex).
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6. Basic Sensor Application with ISP131001

This paragraph shows you how to set up a Sensor application with ISP131001 Sensors Board that will
send data via the Bluetooth link to the Master Emulator or to an Apple Device.

Two types of demonstration are presented. The first one is directly executable with hardware and software
provided in the Development Kit using Master Control Panel application. The second demonstration
requires the use of an iPhone or an iPad. The iOS application is available on demand only as an App that
can be installed for development purposes via the Apple developer program. The procedure to obtain the
App from Insight SiP and demonstration of the Sensor application with Apple Device is described hereafter.

6.1 On Master Control Panel

Place the CR2032 lithium battery into the battery holder.

Connect the battery holder to the Sensors Board ISP131001.

Connect Development Dongle PCA10000 (Master Emulator) into a USB port on your computer.
Start Master Control Panel.

Click Start Discovery.

aghrwNE

™ Master Control Panel |:|

File  Help
I aster emulator

[ CoMe - 480103054 | 480103054 connected

Scan for devices

Stop discovery

Dizcovered devices

InsightSIP_CO01 0 (0xDESF5114407E) [-43dBm)

Delete bond info

Log

[17:26:19.6] Loading...

[17:26:20.1] Device address: OxF1F4CDFFE348

[17:26:20.1] Master emulator firmware version: mefw_nif51822_0.9.0.10022
[17:26:23.0] Ready

[17:26:23.2] SERVER: Server has started

[17:26:25.7] Device discovery started
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7.

Click Select Device.
On the following display, click successively on Bond, Service Discovery and Enable Services.

™ Master Control Panel ‘z”ﬁ”z‘
File  Help

Master emulator
COME - 480103054 ~ | 480103054 connected

Device info
Device addiess: DESFG1144D7E

Bonded: True

Aotions

Senvice discovey | [ Bond | [ Discornect | [ Disable services

Service Discavery

APPLICATION NOTE
ISP130301

™ Master, Control Panel ‘L”E Z
File  Help
Master emulator

COME - 4801 03054 | 480103054 cornected

Device infor
Device address: DESF51144D7E

Aiong

Bonded: True

Service discovery | [ Bond | [ Disconnect ] [ Disable services

Service Dissovery

- PrimanService, Generic Access (041800)
& CharacteristicDeclaration, Properties: Fiead, Wiite, Characteristic UUID: 02400
DeviceName, DeviceMame: InsightSIP_CO0T0
- CharasteristicDeclaration. Properties: Fiead. Characteristic LILID: (2401
Appearance, Appearance: 1234
|2 CharacteristicDeclaration, Properties: Read, Charactenistic UUID: 02404
- SlavePrefarredConnectionParameters, MinCarnintervat 00005, MarConnintersal: 0xC108, Slavel atency: 00
- PrimanyService, Generic Atribute (041801]
= CharacteristicDeclaration, Properties: Indicate, Characteristic ULID: 02405
ServiceChanged, [Na values read)
- ClientCharacteristizConfiguration, CharacteristicConfiguratianBits: Indication (0002]
FrimayService, 01838
|2 CharacteristicD eclaration, Properties: Read, Notify, Characteristic ULID: 02008,
- LILID: 244, Yalus: 04-00-1CFB-08-21-D1-01-8E-01.F3-00
ClientCharacteristicCanfiguration, CharacteristicConfigurationBis: Natfication (0001)
PrimanyService, 0u1889
- CharasteristicDeclaration, Properties: Fiead, Notify, Charscteristic UUID: 02448
-~ ULID: 248, Y shue: DE-EE-ED-01-BE-E9-3D-00
ClientC! i
- PrimanServios, (51887
- CharacteristicD eclaration, Praperties: Wi, Characterstic LILID; 0x2440
LILID: 284C. [No values read)

onfigurationBits: Notification (0001]

< \ =

- FrimawyService, Generic Access (0x1800]
= CharacteristicDaclaration. Properties: Read. Wite. Characteristic ULID: 0+2400

- DeviceName, Devicehame: InsightSIP_CO0T0
B CharacteristicDeclaration, Properties: Read, Characteristic ULID: 0:2401

' Appearance. Appearance: 1234
= CharacteristicDeclaration, Properties: Read, Characteristic IUID: D:2804

. SlavePrelfenedConnectionParsmeters, MinConninterval: 0x0008, MaxConninterval: 00108, SlaveL atency: 001
- FrimaiyService. Generic Atribure [0x1501)
= CharacteristicDeclaration, Propetties: Indicate, Characteristic UUID: 052405
* SemiceChanged, [No values read)

- ClientCharacteristicCorfiguration, CharacteristicConfigurationBits: Indication [0002)
PrimaryService, Ow1828
=+ CharacteristicDeclaration, Properties: Riead, Notify, Characteristic LUID: Dx2Ad4

- UUID: 2844, Value: 00001 0FB-FB-20-EC-01-8401F1-00

. ClientCharacteristicCorfiguration, CharactsristicConfigurationBits: Notiication (0001)
PrimaryService, 0x1883
& CharacteristicDeclaration, Properties: Read. Notify, Characteristic LUID: D248
UUID: 2828 Value: 44-E8-F3-01-48-E9-3D-00

. ClientCherscteristicCorfiguration, CharacteristicConfiguiationBits: Motification {3001)

- FrimaiyService. 01587
= CharacteristicDeclaration, Properties: “Wiite, Characteistic ULID: Ox2A4C
©ULID: 284L. (Mo values rzad)

< | ]

Display 3 UTF8

Aitibue valis
| [[5end update |

v e | Handeon [ |

Vaue @ hex O et |

o]

Log

Etllhul& walue
wio g | Hendeon| | Display a5 UTF8
| [(5end update |

Vaue @ hex O test |

Log

[17:23:50 3] Received a Handle¥alueNotification on handle 0012 with value E4EBF10151EA3D00
[17:29:50.9] Received & HandleYalueNotification on handle 000E with value 040018FBFO20E0015201E700
[17:23:51.0] Received a Handle¥alueNotification on handle 000E with value E4FF1CFBFC20E 4018001FDOD
[17:29:51.0] Received & HandleY slueNatification on handle 000E with value ESFFO4FBF420E 30174010800
[17:28:51.0] Received a HandleWalueMotification on handle 0012 with value E2EEE 301B3E93000
[17:29:51.1] Received 3 Handle slueatification on handle 000E with value FBFF2BFBFC20E 2017401EE0D
[17:29:51.1] Received a Handle\ alueMotification on handle O00E with value FOFF14FBEC20DB01 7701 DEOD
[17:29:51.1] Recsived a HandleW slueMotification on handle 000E with value 000014FBDC20ED017901EE00
[17:29:51.1] Received a HandlelW alueMotification on handle 0012 with value DEEBEDOTBEE 93000

I1C| C1BE0TFI00

23

£

[17:30:44.4] Received a HandlieV alueM otification on handle 0012 with value SSESFE0TIPEB3000
[17:30:44 4] Receiwed a HandieWalueMotification on handle O00E with value FAFF1CFEFO20E B018C01FS00
[17:30:44 4] Received a HandleYalueN otification on handle DO0E with value FBFF18FBF420EE018201F800
[17:30:44.5] Received & HandleV alueM otification on handle D00E with value 040071 4FB0S21EDD17DOTEFOD
[17:30:44 5] Received a HandleW alueMotification on handle 0012 with value 45E8EDO 25E43D00
[17:30:44.5] Received a HandleY alueN otification on handle DO0E with value 000024FBE 420F0018701FCOD
[17:30:44.5] Received a Handlel slueM otification on handle D00E with value FBFF24FBEC20ECDT 8501FBOD
[17:30:44.6] Received a HandleV alueM otification on handle D00E with value 08001 8FE0021F30M8701DFO0
[17:30:44 6] Received & Handlel alueM otification on handle D012 with value 44E8F 301 43E 33000

on on handle & OFB| F100

[IE3

<

8. You can note data that transit between the ISP131001 Sensors Board and the Master Emulator via

the Bluetooth link:

- Data of the accelerometer/magnetometer on the above left figure
- Data of the temperature/pressure on the above right figure

9. To switch off ISP131001 Sensors Board, disconnect battery holder as seen in the figure below.
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6.2 On iPhone or iPad Device

The Sensor application is available on demand from Insight SiP. The iOS App is a demonstration App that
is provided "as is" in order to demonstrate the Smart Bluetooth sensor node. Only one iPhone or iPad is
allowed per development kit.

Make sure you iOS device is compatible with Bluetooth 4.0 (iPhone 4S or higher, iPad Air, Mini, 3
generation and above).

The installation procedure for the Sensor application is described hereafter:

1. Contact Insight SiP at contact@insightsip.com and communicate the kit number and the product key
notified on the dev Kkit.

2. We will send you by email an invitation 24h-48h after. Accept it using your iOS device you want to use
for the demo.

£ Toutes

De : TestFlight Masquer
A: noreply@n.testflightapp.com

Chris Barratt has invited you to join
the InsightSiP team on

testflightapp.com
8 octobre 2014 09:39

Chris Barratt has invited you to
g InsightSiP as a Tester

Chris also had a message for vou:

P B W < @

3. Sign up in order to register to TestFlight app

@ testflightapp.com
Join with a new account @ testflightapp.com Y

Create a new TestFlight account and get access to beta

apps for InsightSiP: You are now a tester for the “InsightSiP"
team.

In order to install applications via TestFlight on
your iOS device, you need to connect your device to
TestFlight.

Thanks for using TestFlight!

Connect your Device »

By clicking Sign Up, you agree to TestFlight's Terms of Use
& Privacy Policy.

Sign Up »
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4. Connect your device. It will create a TestFlight icon on your device.
a testflightapp.com a testflightapp.com
Reconnect this device by installing profile Jmn Conneﬂ Device
M TestFIlghtAccess @ Device successfully connected!
peifiant appcw Yo mstih email
@ Verified m " - Frayalaie
< > M O @ < h O
5. Once you receive an install email of available build, open again your TestFlight app from your device
It can take additional 24-48 hours to receive this email.
6. Click on “View All Apps” and then click on “Install”.
= Apps o
' | it
Missing Apps?
June 1, 2015
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7. The InsightSiPDemo application is downloaded and installed. You should see the following screen on

your iOS device.

sese0 Bouygues 4G 18:40

InsightSIP...

= () 1

Téléphone Mail Safari Musique

Then you will be able to set up the application demonstration as follows:

8. Place the CR2032 lithium battery into the battery holder.
9. Connect the battery holder to the Sensors Board ISP131001.

10. Start InsightSiPDemo application on your iOS, click Connect and select your Sensors Board (name is
InsightSiP_xxxxx).
sseeo Bouygues 4G 18140 L1 sseeo Bouygues 4G 18:52 3 -
Insight SIP Demo  Connect < Back Connect
Accelerometer InsightSIP_< i+~
Temperature
LED
pa o]
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11. Click Accelerometer. A Calibration phase invites you to rotate the ISP131001 Sensors Board. Then
a starship on your iPhone screen follows the Sensors board movement

#eee0 Bouygues 4G 18141

¢ Back  Accelerometer

Calibration

Please rotate your sensors.

N

Rotation X Rotation Y Rotation Z

June 1, 2015
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13. Click Back and LED. A prompt will invite you to pair the Sensors Board with the iPhone. Click Pair
The LED lights up.

Bluetooth Pairing Request
“InsightSIP_. .. " would like to
pair with your iPhone.

Pair

14. To switch off ISP131001 Sensors Board, disconnect battery holder as seen in the figure below

— E
June 1, 2015
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ISP130301-ANT

Dual ANT+™ / BLE Module

with Integrated Antenna

Key Features

Applications

4+ ANT / ANT+™ protocols

+ Single Mode BLE v4.1

<+ Proprietary 2.4 GHz protocols

+ Based on Nordic Semiconductor nRF51 family
4 2.4GHz low energy RF Transceiver

4+ 32bit ARM Cortex MO CPU with 256kB Flash
<+ Analog and Digital peripherals

<+ Ultra Low Power Consumption

4+ Single 2.1 to 3.6 V supply

<+ Very small size 8.0 x 11.0 x 1.2 mm

+ Temperature -25to 75 °C

+ Fully integrated RF matching and Antenna
4+ Integrated 16 MHz and 32.768 kHz Clocks

<+ Space constrained ANT+ / BLE Devices
= Sport and fitness sensors

<+ Health care sensors

<+ Out of Range (OOR) sensors

<+ Personal User Interface Devices (PUID)
+ Remote controls

General Description

Certifications

<+ Complies with FCC, CE, IC and TELEC
<+ Bluetooth SIG certified
+ ROHS compliant

DCDC
Converter

ADC x 8

SWD Interface

SPI

Clocks

Low
Energy
LI

nRF51xxx
ISP130301-ANT

This module is based on nRF51422 Nordic
Semiconductor 2.4GHz wireless System on Chip
(SoC) integrating a 2.4 GHz transceiver, a 32 bit
ARM Cortex™-M0 CPU, a flash memory, and
analog and digital peripherals. It can support
ANT / ANT+™, Bluetooth® Low Energy and 2.4GHz
proprietary ultra low-power wireless protocols.

Fully qualified BLE stacks for nRF51422 are
implemented in the S100 series of SoftDevices
which can be freely downloaded. nRF51 platform
also provides extensive software support for ANT
applications with S210 SoftDevices and dual
ANT/BLE stack S310 SoftDevices. ISP130301-
ANT can then be used for ANT applications, as well
as Master and Slave modes for BLE, or proprietary
protocols on request.

The module is designed for ultra low power
applications such as sports and wellness sensors.
Advanced power management enables battery
lifetimes up to several years on a coin cell battery.
Even though its very small size 8 x 11 x 1.2 mm,
the module integrates the wireless SoC, load and

decoupling capacitors, 16 MHz and 32 kHz crystals, DC-DC converter, RF matching circuit and antenna.

The module forms a standalone ANT /ANT+/BLE node for which only the addition of a suitable
DC power source and appropriate sensor is necessary for sensor applications. As the module has several
end applications, the antenna was designed to be compatible with several ground plane sizes such as

USB dongle or cell phone.
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1. Electrical Specifications

Electrical Performance

The specifications of the module follow those of the nRF51822. The following high level parameters are
given for the module.

The operating temperature range is -25 to +75 °C with the following performances.

Parameter

Supply voltage

Supply Voltage 21t03.6 \Y
Current consumption

Static levels

Peak current, receiver active (supply at 2.1V) 12.6 mA
E:::rs::;fr:c’;tive +4 dBm Output Power 16 mA
tPr::Is(rs:tr:r:c’;tive 0 dBm Output Power 10-5 mA
Current drain, connection-less state 0.5 MA
Current drain between connection events 23 MA

Pin Assignment

The module uses an LGA format with a double row of pads on a 0.65 mm pitch. The pad layout follows
the QFN Jedec standard for 2 row LGA parts.

Pads 1 thru 56 are signal pins 0.4 x 0.4 mm, Pad 57 is an exposed metal pad that is connected to ground.
The NC pads are 0.8 x 0.8 or 0.4 x 0.4 mm and are to be connected to isolated metal pads on the
application PCB for mechanical stability and reliability (drop test).

June 1, 2015 Page 6 -2 Document Ref: isp_ble_Catalog_R2.3.docx -

Insight SiP — Green Side — 400 avenue Roumanille — BP 309 — 06906 Sophia-Antipolis Cedex — France — www.insightsip.com 3

The information contained in this document is the property of Insight SiP and should not be disclosed to any third party [+
without written permission. Specification subject to change without notice.




Insight SiP

It's in the

ANT+/BLE MODULE

ISP130301-ANT

HOME| << |

Pin ' Name Pin function ~ Description

1 PO_07 Digital I/O General purpose I/O pin

2 NC Not Connected Isolated pad on application PCB for mechanical stability

3 PO_09 Digital I/O General purpose I/O pin

4 NC Not Connected Isolated pad on application PCB for mechanical stability

5 PO_13 Digital I/O General purpose I/O pin

6 NC Not Connected Isolated pad on application PCB for mechanical stability

7 PO_19 Digital I/O General purpose I/O pin

8 NC Not Connected Isolated pad on application PCB for mechanical stability

9 PO_17 Digital I/O General purpose I/O pin

10 NC Not Connected Isolated pad on application PCB for mechanical stability

11 PO 20 Digital 1/0 General purpose I/O pin

12 VSS Ground Should be connected to ground plane on application PCB

13 NC Not Connected Isolated pad on application PCB for mechanical stability

14 VSS Ground Should be connected to ground plane on application PCB

15 NC Not Connected Isolated pad on application PCB for mechanical stability

16 VSS Ground Should be connected to ground plane on application PCB

17 NC Not Connected Isolated pad on application PCB for mechanical stability

18 VSS Ground Should be connected to ground plane on application PCB

19 NC Not Connected Isolated pad on application PCB for mechanical stability

20 VSS Ground Should be connected to ground plane on application PCB

21 NC Not Connected Isolated pad on application PCB for mechanical stability

22 VSS Ground Should be connected to ground plane on application PCB

23 VSS Ground Should be connected to ground plane on application PCB

24 OUT_MOD Module 1/0 This pin is the RF I/O pin of the BLE module. It should be connected
to Pin 26 OUT_ANT for normal operation. During certification the pin
may be connected via to an RF connector for module measurement
using a Bluetooth test setup.

25 VDD_PA PA supply PA supply indicates Transmit mode (Active High)

26 OUT_ANT Antenna 1/O This pin is connected to the internal antenna. It should be
connected to Pin 24 OUT_MOD for normal operation. During
certification the pin may be connected to an RF connector for
antenna measurement

27 VSS Ground Should be connected to ground plane on application PCB

28 VSS Ground Should be connected to ground plane on application PCB

29 VCC_nRF Power Power supply (2.1 — 3.6V). VDD in nRF51822 doc.

30 VSS Ground Should be connected to ground plane on application PCB

31 SWDCLK Digital Output HW debug and flash programming I/O

32 PO _18 Digital 1/0 General purpose 1/O pin

33 SWDIO- Digital 1/0 System reset (active low). Also HW debug and flash

NRESET programming I/O

34 PO _16 Digital 1/0 General purpose 1/O pin

35 PO_15 Digital 1/0 General purpose 1/O pin

36 PO_14 Digital I/O General purpose I/O pin

37 PO_12 Digital I/O General purpose I/O pin

38 PO_10 Digital I/O General purpose I/O pin

39 PO_11 Digital I/O General purpose I/O pin

40 PO_05-AIN6 | Digital I/O General purpose I/O pin

Analog input ADC input 6
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Pin ' Name Pin function Description
41 PO_06-AIN7- | Digital I/O General purpose 1/O pin
AREF1 Analog input ADC input 7
Analog input ADC Reference voltage
42 P0O_03-AIN4 | Digital I/O General purpose 1/O pin
Analog input ADC input 4
43 PO_04-AIN5 | Digital I/O General purpose I/O pin
Analog input ADC input 5
44 PO_01-AIN2 | Digital I/O General purpose I/O pin
Analog input ADC input 2
45 PO_31 Digital I/O General purpose I/O pin
46 PO_02-AIN3 | Digital I/O General purpose I/O pin
Analog input ADC input 3
47 PO_30 Digital I/O General purpose I/O pin
48 PO_00- Digital I/O General purpose I/O pin
AREFO Analog input ADC Reference voltage
49 PO 29 Digital I/O General purpose I/O pin
50 PO_28 Digital I/O General purpose I/O pin
51 PO 24 Digital I/O General purpose I/O pin
52 PO_23 Digital I/O General purpose I/O pin
53 PO 21 Digital I/O General purpose I/O pin
54 PO 22 Digital I/O General purpose I/O pin
55 P0O_25 Digital I/O General purpose I/O pin
56 PO_08 Digital I/O General purpose I/O pin
57 GND_EP Ground Exposed metal pad. Should be connected to ground plane on
application PCB

ISP130301-ANT pad placement and pin assignment
for the LGA QFN package

TOP VIEW
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Electrical Schematic

Electrical schematic showing ISP130301 module connections
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2. RF Performances

RF Specifications according to standards

Parameter | Value Unit \ Condition
Channels
Output Power -20to +4 dBm 0 to 39
Better than Channels
RF Frequency tolerance +/-20 Hz 0 to 39
0,
Rx sensitivity BLE mode -93 dBm Level f_or BER <0,1%
ideal Tx
0,
Rx sensitivity ANT mode -90 dBm Level f_or BER <0,1%
ideal Tx
Max range > 200 m Open field @1m height
EIRP 4.6 dBm
Antenna Gain 0.6 dBi
RXx sensitivity 51.4 dBuv/m

Typical Antenna Return Loss
Module mounted on a USB dongle ground plane

0
a7
m i
©
-12 T | T | T | T | 1 | T | T | T | T | T
2.0 21 2.2 2.3 24 25 2.6 2.7 2.8 29 3.0
freq, GHz
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Radiation Pattern in 3 planes
Module mounted on a USB dongle ground plane

——gain (dBi) @ 2.45GHz

——gain (dBi) @ 2.45GHz

Ground Plane Effect Simulation

- &

USB dongle Cell phone config 1
ground plane ground plane

(size : 18 x 30 mm?2) (size : 40 x 100 mm?2)

Cell phone config 1 with
side ground plane
(size : 40 x 100 mm?2)
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Cell phone config 2 with Cell phone config 3 with
side ground plane side ground plane
(size : 40 x 100 mm?2) (size : 40 x 100 mm?2)

— Cell phone config 1 with side ground plane
Return loss ,dB

— Cell phone config 2 with side ground plane
— Cell phone config 3 with side ground plane

— Cell phone config 1 ground plane

— USE dongle ground plane

-24 IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

2.0 21 22 23 24 2.5 26 2.7 2.8 2.9

freq, GHz
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3. Product Development Tools

Interface

ISP130301-ANT integrates a full microprocessor interface with up to 32 General Purpose I/O pins (GPIO)
and several functions (2 x SPI, 2 x I12C, UART, 8 x ADC, SWDIO interface).

Development Tools and Software

The following development tools and software are recommended for using and testing ISP130301-ANT
module:

<+ Nordic Semiconductor nRFgo Studio (downloadable from www.nordicsemi.com)

<+ Nordic Semiconductor Master Control Panel (downloadable from www.nordicsemi.com)
+ Keil MDK-ARM Lite (downloadable from https://www.keil.com/demo/eval/arm.htm)

+ Segger J-Link Lite (downloadable from http://www.segger.com/jlink-software.html)

4+ S100 series (BLE) nRF51 SoftDevice, S210 (ANT) nRF51 SoftDevice and S310 (ANT/BLE) nRF51
SoftDevice: fully qualified Bluetooth low energy stacks for nRF51422 integrated in ISP130301-ANT
module. All SoftDevices (object code, no source) can be downloaded from www.nordicsemi.com.

4+ nRF51 Software Development Kit (SDK): nRF51 SDK can be downloaded from www.nordicsemi.com.
It contains example of source codes applications (C language):
- Precompiled HEX files
- Source code
- Keil ARM project files
- IAR project files
- GCC project files
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4. Mechanical Outlines

Mechanical Dimensions

Dimensional drawing for 8 x 11 x 1.2 mm, 57-Pad LGA Package
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SMT Assembly Guidelines

Recommended PCB Land Pattern and Solder Mask layout
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Antenna Keep-Out Zone

Recommended metal keep out areas for optimal antenna performance:
no metal, no traces and no components on any layer except mechanical LGA pads.

18.0 mm min

é;;/
Metal exclusion| !
zone to edge i

of board (no {
metal on any 2;9/

layer except
mechanical

LGA pads)

board

ww gZl6°S

TOP VIEW
Package marking
I|S|P|1|3]|]0|3|0|1|C ®
Y|Y|W|W AIN|T
ISP130301 Product number
ANT
C Hardware version Insight SiP
YY Two digit year number Model: ISP130301C
WW Two digit week number YYww ANT
— RI001-A03467 5 mm max for
T IC: 11306A-I1SP130301 .
FCC ID: 2AAQS-ISP130301 laser marking
FE IC C€0560
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5. Storage & Soldering information

Moisture Sensitivity

All plastic packages absorb moisture. During typical solder reflow operations when SMDs are mounted
onto a PCB, the entire PCB and device population are exposed to a rapid change in ambient temperature.
Any absorbed moisture is quickly turned into superheated steam. This sudden change in vapor pressure
can cause the package to swell. If the pressure exerted exceeds the flexural strength of the plastic mold
compound, then it is possible to crack the package. Even if the package does not crack, interfacial
delamination can occur.

Since the device package is sensitive to moisture absorption, it is recommended to bake the product before
assembly. The baking process for dry packing is 24 hours at 125°C.

ISP130301 has been tested MSL-5 according to standards. After baking, modules can be exposed to
ambient room conditions (approximately 30 °C/60%RH) during 48 hours before assembly on the PCB.

Soldering information

Recommendation for RoHS reflow process is according to Jedec J-STD-020 and 033 standard profiles.

T =~ °
ﬁ p T i «~Tc -5°C
Max. Ramp Up Rate = 3°C/s (3

o Max. Ramp Down Rate = 6°C/s \

- T L | : L

=] i L '

- Tsmax Preheat Area \

© ] 1

1SS

o

o

e 1

o ts

|_

25
f———Time 25°C to Peak
Time —>

Preheat/Soak Peak package body temperature (T 260°C
Temperature Min (Tsmin) 150 °C packag yemp (Te) (+0/-5°C)
Temperature Max (Tsmax) 200 °C Classification Temperature (Tc) 260 °C
Time (ts) from (Tsmin tO Tsmax) 60-120 sec Time (tp) maintained above Tc-5 °C 30 sec
Ramp-up rate (TL to Tp) 3 °C/sec max Ramp-down rate (Tp to Tv) 6 °C/sec max
Liquidous temperature (TL) 217 °C . o
Time (t.) maintained above T. 60-150 sec Time 25 °C to peak temperature 8 mn max

|
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6. Quality & User information

Certifications

4+ FCC Identifier 2AAQS-ISP130301 — Certificate N° 142180643/AA/00

4+ CE: Complies with 1999/5/EC, EN300328 V1.8.1, Statement N° 142140199/AA/00
4+ |C Certification N° 11306A-1SP130301 — Telefication N° 142170180/AA/00

4+ TELEC certification N° 001 — A03467

4+ Bluetooth SIG certified N° D024444

4+ ROHS compliant

USA - User information

This intends to inform how to specify the FCC ID of our module “ISP130301” on the product. Based on the
Public Notice from FCC, the host device should have a label which indicates that it contains our module.
The label should use wording such as: “Contains FCC ID: 2AAQS-ISP130301”.

Any similar wording that expresses the same meaning may be used.

The label of the host device should also include the below FCC Statement. When it is not possible, this
information should be included in the User Manual of the host device:

“This device complies with part 15 of the FCC rules. Operation is subject to the following two conditions.
(1) This device may not cause harmful interference

(2) This device must accept any interference received, including interference that may cause undesired
operation.

Caution: Any Changes or modifications not expressly approved by the party responsible for compliance
could void the user’s authority to operate the equipment.”

CANADA - User information

This intends to inform how to specify the IC ID of our module “ISP130301” on the product. According to
Canadian standards “RSS-210” and “RSS-Gen”, the host device should have a label which indicates that
it contains our module.

The label should use wording such as: “Contains IC: 11306A-ISP130301”.

Any similar wording that expresses the same meaning may be used.

The label of the host device should also include the below IC Statement. When it is not possible, this
information should be included in the User Manual of the host device:

“This device complies with Industry Canada licence-exempt RSS standard(s). Operation is subject to the
following two conditions: (1) this device may not cause interference, and (2) this device must accept any
interference, including interference that may cause undesired operation of the device.

Le présent appareil est conforme aux CNR d'Industrie Canada applicables aux appareils radio exempts
de licence. L'exploitation est autorisée aux deux conditions suivantes : (1) I'appareil ne doit pas produire
de brouillage, et (2) l'utilisateur de I'appareil doit accepter tout brouillage radioélectrique subi, méme si le
brouillage est susceptible d'en compromettre le fonctionnement.”

|
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ISP091201

Bluetooth Low Energy Module

with Integrated Antenna

Key Features

Applications

4+ Single Mode BLE v4.0 Slave

<+ Nordic Semiconductor puBlue products based
<+ Includes transceiver, baseband, software stack
4+ Ultra Low Power Consumption

4+ Single 1.9 to 3.6 V supply

<+ Very small size 8.0 x 12.0 x 1.5 mm

<+ Temperature -40 to 85 °C

+ Fully integrated RF matching and Antenna

+ Integrated 16 MHz Crystal Clock

<+ Space constrained BLE Slave Devices
< Sport and fithess sensors

+ Health care sensors

<+ Out of Range (OOR) sensors

+ Personal User Interface Devices (PUID)
<+ Remote controls

General Description

Certifications

% FCC Limited Modular Certification
+ Complies with CE

4+ Complies with IC

<+ Bluetooth SIG certified

+ ROHS compliant

. Ultra low
Configurable — RF RE

1/0 3.4 GHz Matching
SHLE C Transceiver eimis
ustom Low
Power Micro-
controller
+
Flash

Antenna

32 kHz X0

16 MHz X0

Memory

Advanced
Power
Management

Power
Supply
decoupling

This module is based on Nordic Semiconductor
NnRF8001 uBlue Bluetooth Low Energy Platform.
The nRF8001 is a single chip transceiver with an
embedded baseband protocol engine, suitable for
ultra low power wireless applications conforming to
the Bluetooth Low Energy Specification contained
within v4.0 of the overall Bluetooth specification.
The nRF8001, used in the current revision of
ISP091201, is a production product using a RoM for
the baseband protocol engine.

The pBlue transceiver is specifically designed for
both PC peripherals and ultra low power
applications such as sports and wellness sensors.
For sensor applications, the ultra low power
consumption and advanced power management
enables battery lifetimes up to several years on a
coin cell battery.

The ISP091201 module size measures 8 x 12 x 1.5
mm. The module integrates all the decoupling
capacitors, the 16 MHz crystal and load capacitors
plus the RF matching circuit and antenna in addi-

tion to the transceiver. As the module has several end applications, the antenna was designed to be
compatible with several ground plane sizes including that of a USB dongle and a cell phone. The module
can operate as a standalone Bluetooth sensor node with the addition of a transducer, a small external

microprocessor to run application software, a 32 kHz crystal and a DC power source.

June 1, 2015

Insight SiP — Green Side — 400 avenue Roumanille — BP 309 — 06906 Sophia-Antipolis Cedex — France — www.insightsip.com

Page7-1

The information contained in this document is the property of Insight SiP and should not be disclosed to any third party |- i

without written permission. Specification subject to change without notice.




Insight SiP BLE MODULE
e ISP0O091201

HOME| <<« |

Contents

1. Electrical SPECIfICAtIONS .......uuii i e e e e e e e e e e e e e et e e e e e aaaane Page 7-2
2. RFE PEITOMMANCES ... Page 7-5
3. Product Development TOOIS .......uuuiiiii e e et s e e e e e e e e e e e e e e eanra s Page 7-8
Y 1= Tod T T g o= | I @ 10 1 1] =SSP Page 7-9
5. PACKAGING ..o Page 7-12
6. Storage & Soldering INfOrMAatioN ..........oooei i Page 7-14
7. Quality & User INfOrMAatioN..........oooiiiiii e e e e e e e e e e e e e e e e eeeanees Page 7-15

1. Electrical Specifications

Electrical Performance
Temperature range -40 to +85 °C

Parameter

Supply voltage

Min. Supply Voltage 1.9 \%
Current consumption

Static levels

Peak current, receiver active 14.6 mA

Peak current, transmitter active 12.7 mA

Current drain, connection-less state 0.5 MA

Current drain between connection events 2 MA

Pin Assignment

Pin Name Pin function - Description
1-5 NC Not Connected Isolated pad on application PCB for mechanical stability
6 OUT_ANT Antenna In/Out This pin is connected to the internal antenna. It should be

connected to Pin 7 OUT_MOD for normal operation. During
certification the pin may be connected to an RF connector for
antenna measurement

7 OUT_MOD Module In/Out This pin is the RF 1/O pin of the BLE module. It should be
connected to Pin 6 OUT_ANT for normal operation. During
certification the pin may be connected to an RF connector for
module measurement using a Bluetooth test setup

8 GND Ground Should be connected to ground plane on application PCB
9 NC Not Connected Isolated pad on application PCB for mechanical stability
10 MOSI Digital input ACI Master Out Slave In
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Pin INETNE) Pin function ~ Description
11 DCC PWM driver PWM driver for the external LC filter if the DC/DC converter is
enabled. If the DC/DC converter is disabled this pin shall be not
connected
12 AVDD Power Analog power supply (1.9 — 3.6V DC)
13 VCC_nRF Power Power supply (1.9 — 3.6V) Supplies the DC/DC converter and
GPIOs. VDD in nRF8001 doc
14 GND Ground Should be connected to ground plane on application PCB
15 XL2 Analog output Connect to external 32.768kHz crystal oscillator (if internal RC
oscillator is enabled then leave not connected)
16 XL1 Analog output Connect to external 32.768kHz crystal oscillator (if internal RC
oscillator is enabled then leave not connected)
17 ACTIVE Digital output Device RF front end activity indicator
18 TXD Digital output UART (transmit) for Bluetooth low energy Direct Test Mode
19 SCK Digital input ACI clock input
20 RXD Digital output UART (receive) for Bluetooth low energy Direct Test Mode
21 REQN Digital input ACI request pin (handshaking, active low)
22 MISO Digital output ACI Master In Slave Out
23 GND Ground Should be connected to ground plane on application PCB
24 RDYN Digital output ACI device ready indication (handshaking)
25 RESET Digital Input Reset (Active Low)
26-36 | NC Not Connected Isolated pad on PCB for mechanical stability
325; 325 34 323 :szz 321 30
NE[ 1 . 2a|NC
Ne| 2 “2g|NC
e[ 3 27N ISP091201 pin assignment
= (e for the LGA QFN package
TOP VIEW
OUT_ANT| 6 ‘ Spogﬁ 2OW {24|RDYN
OUT_MOD| 7 {23 |GND
GND| 8 {22MIS0
NG| g {27|REQN
MOS 107 {20 |RXD
nloe AR ’ ) B 4 ’ ) alscK
/12f ilws "14 ‘15 15 a7 as
S e
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Electrical Schematic

Electrical schematic showing ISP091201 module connections
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2. RF Performances

RF Specifications according to standards

Parameter BT V4 Std limit Condition
Channels
Output Power -0.9 -20to 10 dBm 0 to 39
Better than Channels
RF Frequency tolerance +/-20 +/- 50 Hz 010 39
o Level for BER
Rx sensitivity -87 -70 dBm <0.1% ideal Tx
Open field
Max range > 20 m @1m height
EIRP 0.3 dBm
Antenna Gain 1.2 dBi
Rx sensitivity 56.8 dBuVv/m
Typical Antenna Return Loss
Module mounted on a USB dongle ground plane
0
i \ ]
o] 7
q -
o i
@/ -
s i
©
-12
-18 T T T T T T T T
20 21 22 23 24 25 26 27 28 29 30
freq, GHz
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Radiation Pattern in 3 planes
Module mounted on a USB dongle ground plane

——gain (dBi) @ 2.45GHz
——gain (dBi) @ 2.45GHz

——gain (dBi) @ 2.45GHz

Ground Plane Effect Simulation

- &

USB dongle
ground plane
(size : 18 x 30 mm?2)

Cell phone config 1
ground plane
(size : 40 x 100 mm?2)

Cell phone config 1 with
side ground plane
(size : 40 x 100 mm?2)
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Cell phone config 2 with Cell phone config 3 with
side ground plane side ground plane
(size : 40 x 100 mm?2) (size : 40 x 100 mm?2)

— Cell phone config 1 with side ground plane
Return loss ,dB

— Cell phone config 2 with side ground plane
— Cell phone config 3 with side ground plane

— Cell phone config 1 ground plane

— USE dongle ground plane

-24 IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

2.0 21 22 23 24 2.5 26 2.7 2.8 2.9

freq, GHz
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3. Product Development Tools

Interface

As ISP091201 is designed for operation in the peripheral role, it offers you an easy way to add Bluetooth
low energy connectivity to your application. ISP091201 integrates a serial interface (ACI) for configuration
and control from your microcontroller. In the following, the microcontroller is referred to as the application
controller.

The Application Controller Interface (ACI) is the logical interface between ISP091201 and your application.
ACI is a bidirectional serial interface that enables generic application controllers to set up and operate
nNRF8001 integrated in ISP091201.

Hardware
The following development kits are recommended for using and testing ISP091201 module:

<+ Nordic Semiconductor nRFgo Starter Kit (hnRF6700), need to be purchased separately
#+ Nordic Semiconductor nRF80001 Development Kit (nRF8001-DK), need to be purchased separately
+ Insight SiP Development Kit (ISP091201-DK1), need to be purchased separately

Development Tools and Software
The following development tools and software are recommended for using and testing ISP091201 module:

4+ ACI commands and events are defined in nRF8001 Data Sheet downloadable for free from
www.nordicsemi.com

4+ Nordic Semiconductor Software Development Kit for nRF8001 (nRF8001-SDK, downloadable from
www.nordicsemi.com after purchasing nRF8001-DK): give access to software source code examples

4+ Nordic Semiconductor nRFgo Studio (downloadable from www.nordicsemi.com after purchasing
nRFgo Starter Kit nRF6700)

4+ Nordic Semiconductor Master Control Panel (downloadable from www.nordicsemi.com after
purchasing nRF8001-DK)

4+ IDE compatible with your chosen microprocessor. As 1SP091201 is designed for operation in the
peripheral role, it offers you an easy way to add Bluetooth low energy connectivity to your application.
ISP091201 integrates a serial interface (ACI) for configuration and control from your microcontroller. In
the following, the microcontroller is referred to as the application controller.

|
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4. Mechanical Outlines

Mechanical Dimensions

Dimensional drawing for 8 x 12 x 1.5 mm, 36-Pad LGA Package

B.0 mm +/— 0.1 mm
==

=t
O.4 mm
TFP 1.50 mm +/— 0.1 rmm
|
A f_
@
E
‘
]
4
E
o SPOST1201
N -
-
v id [ I
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SMT Assembly Guidelines

Recommended PCB Land Pattern and Solder Mask layout

G.758

Wl gL

o d

TOP VIEW
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Antenna Keep-Out Zone

Recommended metal keep out areas for optimal antenna performance:
no metal, no traces and no components on any layer except mechanical LGA pads.

18.0 mm min
(=t ==
1 475 mm
==
3,325 mmy 4.2 rmm
=} 1= =} ==

Metal exclusion zane to
edge of board (no metal
on any layer except
mechanical LGA pads)

board

TOP VIEW
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5. Packaging

Marking ® C€0560
5T Model: ISP091201D
Y N W W YYWW

FCCID: 2AAQS-ISP091201
IC: 11306A-I1SP091201

ISP091201 Product number

D Hardware version

YY Two digit year number
WW Two digit week number

Prototype Packaging

For engineering samples and prototype quantities
up to 99 units, deliveries are provided in thermoformed
trays.

Trays

For higher quantities and volume production, ISP091201 modules are available in Jedec trays. They are
delivered in sealed pack with desiccant pack and humidity sensors. These Jedec trays are also suitable
for further baking. Please see section 6 for more information on moisture sensitivity.

Jedec trays are proposed in standard quantities of 100 units, 200 units and multiples of 200 units only.

Please refer to tray sizes and module positioning below. Complete information on Jedec trays is available
on request.
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Tape and Reel

ISP091201 modules are also available in Tape & Reel. They are delivered in sealed pack with desiccant
pack and humidity sensors. Reels are proposed in standard quantities of 500 units (180mm / 7” reel) or
2000 units (330mm / 15” reel) only.

Please refer to tape size below. Complete information is available on request.
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6. Storage & Soldering information

Moisture Sensitivity

All plastic packages absorb moisture. During typical solder reflow operations when SMDs are mounted
onto a PCB, the entire PCB and device population are exposed to a rapid change in ambient temperature.
Any absorbed moisture is quickly turned into superheated steam. This sudden change in vapor pressure
can cause the package to swell. If the pressure exerted exceeds the flexural strength of the plastic mold
compound, then it is possible to crack the package. Even if the package does not crack, interfacial
delamination can occur.

Since the device package is sensitive to moisture absorption, it is recommended to bake the product before
assembly. The baking process for dry packing is 24 hours at 125°C.

ISP091201 has been tested MSL-5 according to standards. After baking, modules can be exposed to
ambient room conditions (approximately 30 °C/60%RH) during 48 hours before assembly on the PCB.

Soldering information

Recommendation for RoHS reflow process is according to Jedec J-STD-020 and 033 standard profiles.

ﬂ To i = l} '--1---<—T 5°C
t c-
Fnax. Ramp Up Rate = 3°C/s ‘/ép
o Max. Ramp Down Rate = 6°C/s
- T L | : L
> " L :
b Tsmax Preheat Area \
© i 1
1SS
o
o
= 1
) ts
=
25
k———Time 25°C to Peak
Time —=>
Preheat/Soak Peak package body temperature (T 260°C
Temperature Min (Tsmin) 150 °C packag yemp (Tv) (+0/-5°C)
Temperature Max (Tsmax) 200 °C Classification Temperature (Tc) 260 °C
Time (ts) from (Tsmin tO Tsmax) 60-120 sec Time (tp) maintained above Tc-5 °C 30 sec
Ramp-up rate (T. to Tp) 3 °C/sec max Ramp-down rate (Tp to TL) 6 °C/sec max
Liquidous temperature (TL) 217 °C . R
Time (t.) maintained above T. 60-150 sec Time 25 °C to peak temperature 8 mn max
| E .'-g EE
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7. Quality & User information

Certifications

= FCC Limited Modular Certification 15.212 FCC #2AAQS-ISP091201
+ CE: Complies with Directive 1999/5/EC statement N° 13214144/AA/00
= Canada: IC # 11306A-ISP091201

+ Bluetooth SIG certified #B017595

+ ROHS compliant

FCC grant conditions
ISP091201 is certified under FCC part 15.212 with “Limited Modular Approval”.

This approval is limited to hosts that use the additional metal shield ISP091205 that is delivered with
ISP091201, since certification has been carried out in this way. This ensures that the radio portion of the
circuit is fully shielded on all sides with the exception of the antenna access. The module itself contains
the lower ground plane so it is not necessary to have a continuous plane under the module in the host.

The ISP091201 is labeled with its own FCC identification number: FCC ID: xxx-ISP091201, when installed
into host the outside of the host must display a label with the wording:

“Contains FCC ID xxx-ISP091201” as specified by the CFR47 part15.212 (a — VI)

In order to respect FCC regulation, additional metal shield ISP091205 must be implemented following the
recommendation below. Note that shield installation is only related to FCC compliance. It has absolutely
no influence on the module performance and the ISP091201 can operate according to the present
specification with or without the shield.

<+ Shield installation as used for Antenna zone
FCC part 15.212 certification tests

Shielding
of RF circuit

(&)
4
)
AN
Q |
(o
)
Lo I
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= Shield installation land pattern
a Shield SM aperture 750
Shield metal trace
b width 500
SM registration (a-
b)/2 125
Module pad edge to
9 shield trace edge 500
c 2000
dl 2300
d2 3400
el 4525
e2 3525
f 2250
+ Mechanical drawing of ﬂ—ér——
the shield ISP091205 ST
0.1 mm

25
—]

wu gz

wwogLe

ww gz ww Qg

6.3 mm

I
==
=

I

w7/

2.05mm 2.0mm 2.0 rm
= =

9.8 mm +0.1/-0

A—A

9.8 mm +0.1/-0

0.1 mm
R
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USA - User information

This intends to inform how to specify the FCC ID of our module “ISP091201” on the product. Based on the
Public Notice from FCC, the host device should have a label which indicates that it contains our module.
The label should use wording such as: “Contains FCC ID: 2AAQS-ISP091201”.

Any similar wording that expresses the same meaning may be used.

The label of the host device should also include the below FCC Statement. When it is not possible, this
information should be included in the User Manual of the host device:

“This device complies with part 15 of the FCC rules. Operation is subject to the following two conditions.
(1) This device may not cause harmful interference

(2) This device must accept any interference received, including interference that may cause undesired
operation.

Caution: Any Changes or modifications not expressly approved by the party responsible for compliance
could void the user’s authority to operate the equipment.”

CANADA — User information

This intends to inform how to specify the IC ID of our module “ISP091201” on the product. According to
Canadian standards “RSS-210” and “RSS-Gen”, the host device should have a label which indicates that
it contains our module.

The label should use wording such as: “Contains IC: 11306A-ISP091201”.

Any similar wording that expresses the same meaning may be used.

The label of the host device should also include the below IC Statement. When it is not possible, this
information should be included in the User Manual of the host device:

“This device complies with Industry Canada licence-exempt RSS standard(s). Operation is subject to the
following two conditions: (1) this device may not cause interference, and (2) this device must accept any
interference, including interference that may cause undesired operation of the device.

Le présent appareil est conforme aux CNR d'Industrie Canada applicables aux appareils radio exempts
de licence. L'exploitation est autorisée aux deux conditions suivantes : (1) I'appareil ne doit pas produire
de brouillage, et (2) l'utilisateur de I'appareil doit accepter tout brouillage radioélectrique subi, méme si le
brouillage est susceptible d'en compromettre le fonctionnement.”

I [=]
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Discontinuity

Normally a product will continue to be manufactured as long as all of the following are true:
- The manufacturing method is still available.

- There are no replacement products.

- There is demand for it in the market.

In case of obsolescence, Insight SiP will follow Jedec Standard JSD-48. A Product Discontinuation Notice
(PDN) will be sent to all distributors and made available on our website. After this, the procedure goes as
follows:

- Last Order Date will be 6 months after the PDN was published.

- Last Shipment Date will be 6 months after Last Order Date, i.e. 12 months after PDN.

Disclaimer

Insight SiP’s products are designed and manufactured for general consumer applications, so testing and
use of the product shall be conducted at customer’s own risk and responsibility. Please conduct validation
and verification and sufficient reliability evaluation of the products in actual condition of mounting and
operating environment before commercial shipment of the equipment. Please also pay attention (i) to apply
soldering method that don’t deteriorate reliability, (i) to minimize any mechanical vibration, shock,
exposure to any static electricity, (iii) not to overstress the product during and after the soldering process.

The products are not designed for use in any application which requires especially high reliability where
malfunction of these products can reasonably be expected to result in personal injury or damage to the
third party's life, body or property, including and not limited to (i) aircraft equipment, (i) aerospace
equipment, (iii) undersea equipment, (iv) power plant control equipment, (v) medical equipment,
(vi) transportation equipment, (vii) traffic signal equipment, (viii) disaster prevention / crime prevention
equipment.

The only warranty that Insight SiP provides regarding the products is its conformance to specifications
provided in datasheets. Insight SiP hereby disclaims all other warranties regarding the products, express
or implied, including without limitation any warranty of fitness for a particular purpose, that they are defect-
free, or against infringement of intellectual property rights. Insight SiP customers agree to indemnify and
defend Insight SiP against all claims, damages, costs and expenses that may be incurred, including without
any limitation, attorney fees and costs, due to the use of products.
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ISP091201-DK1

Bluetooth Low Energy Wireless
Development Kit for ISP091201

General Description

In order to assist clients in developing their
Bluetooth Smart solutions based on the ISP091201,
Insight SIP offers a Development Kit. This consists
of the following:

+ One Test board
<+ 5 sample units ISP091201

This development kit must be implemented together
with Nordic Semiconductor kits nRFGo Strater Kit
and nRF8001 Development Kit.

Using this development kit, product developers can
use a working solution as starting point to develop
their own products. Time to market is saved by
avoiding starting from a blank sheet of paper. In
addition, there may be some applications that use
the hardware as is.
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BLE DEV KIT
ISP091201

Applications

Possible applications include:

<+ Sports accessories (movement etc)
+ Healthcare accessories(heart rate)
=+ Alarms (temperature excess)

+ Pressure detection

The miniature size of the Insight solution means it
could be comfortably worn, or is able to fit into a
small space.

Please refer to the application note AN120102 for
more information on kit implementation.

Specific Skills

If a product developer lacks skills in any of the
crucial areas to develop a working solution, then
Insight SIP can offer custom design services to
cover all of the following areas

<+ Custom hardware development
<+ Addition/replacement of different sensors
+ Software development

Custom SIP development

Document Ref: isp_ble_Catalog_R2.3.docx
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BLE DEV KIT
ISP091201
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AN120102
Use of ISP091201-DK1

Introduction

Scope

This document gives details on hardware and software for using and testing Insight SiP Bluetooth Low
Energy module ISP091201. The next paragraphs describe hardware and software of three different kits,
two from Nordic Semiconductor and one from Insight SiP. The last paragraph presents a simple link test
set-up.

Contents

1. Recommended DOCUMENTALION .........uuuuuieiiiiiiiiiiiieiiee bbb bebnessnennnne Page 9-1
2. NRFGoO Starter Kit (NRFG700) .......ccoo oo Page 9-2
3. nRF8001 Development Kit (NRFBO0L-DK).......ciiiiiiiiiiiiiiiie i eeeeeeetce et e e e e eeaaea s Page 9-3
4.1SP091201 Development Kit (ISPO91201-DKI1) ......uuuuuuuuuuiunnennnnnnininnnnneneennnnnnnnnrnnnennnennnnnneeenns Page 9-4
5. SIMple LINK TESE SEt-UP ...ccoiiiiiiiiieeeeeee Page 9-6

1. Recommended Documentation

The following documents are recommended reading:

Document Remark

. Downloaded at

R1 nRF6700 User Guide v1.6.pdf www.nordicsemi.com
This pdf file will be located in
folder C:\Nordic

R2 nRF8001 DK User Guide v1.1.pdf SemiconductoninRF8001 SDK
v1.7\Documentation
after installing nRF8001 SDK
installer (see 83)

R3 DS091201Rxx.pdf ISP091201D module data sheet
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2. NRFGo Starter Kit (NnRF6700)

The nRGo Starter Kit consists of hardware and software components. For more details, see Nordic
Semiconductor user guide (document R1- see 81).

NRFGo Starter Hardware Components

2 nRFgo Motherboards (nRF6310)

Getting Started Guide

2 USB cables

Getting Started Guide
@S Starter Kit

SNORDIC

8 2-lead patch cables SMINORDIC

New nAF module socket connectors for nAFge Starter Kit

1 Display Module Information leaflet on nRF module socket connectors compatibility
4 10-ribbon flat cables

Software and Documentation Components

Access to software and documentation at www.nordicsemi.com. Then, download and install latest version
of nRFGo Studio.
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3. NRF8001 Development Kit (NnRF8001-DK)

The nRF8001 Development Kit consists of hardware and software components. For more details, see
Nordic Semiconductor user guide (document R2 — see 81).

NRF8001-DK Hardware Components

®
@®  5nRF8200 samples ® nRF2741: nRF8001 module with SMA connector
® 1 patch cable nRF2735: Carrier board with an nRF8200 application
processor
e 2::;‘::?: Bluetooth low energy master @ 5nRF8001 samples
@ nRF2740: nRF8001 module with PCB
antenna

Software and Documentation Components

The SDK (Software Development Kit) can be downloaded from a Nordic MyPage account at
www.nordicsemi.com. In order to access the download page, the requested Product Key is written on the
NnRF8001-DK package. Then, download and install latest version of nRF8001 SDK Installer. Installation
will set up the software and will give access to Nordic Semiconductor user guide (document R2
— see 81).
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4. ISP091201 Development Kit (ISP091201-DK1)

Hardware Components

The Insight SiP ISP091201 Development Kit consists of the following hardware components.

ISP1106701B

5 sample units
ISP091201 BLE Module

ISP110701
Test board

CD-Rom with Data Sheet
and Application Note

+ |SP091201 is the Bluetooth Low Energy module with integrated antenna. This module is based on
Nordic Semiconductor nRF8001 uBlue Bluetooth Low Energy Platform. The nRF8001 is a single chip
transceiver with an embedded baseband protocol engine. The ISP091201 module size measures
8 x 12 x 1.5 mm. The module integrates all the decoupling capacitors, the 16 MHz crystal and load
capacitors plus the RF matching circuit and antenna in addition to the transceiver. For more details, see
Insight SiP module data sheet (document R3 — see 81).

+ ISP110701 is the application type test board. It encloses ISP091201 Bluetooth Low Energy module and
has size of 18 x 35 mm. ISP110701 has the same function as Nordic Semiconductor nRF2740 board.
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ISP110701 Electrical Schematic
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5. Simple Link Test Set-Up

All tests performed in Nordic Semiconductor user guide (document R2) with nRF2740 board can be carried
out with ISP110701 instead. Two set-up examples are shown in the following paragraphs.

ISP110701 Test Board Set-Up for Testing with Direct Test Mode

ISP110701

Carrier board
nRF2735

nRFGo Motherboard
nRF6310

Patch RS232 USB cable
cable serial cable

BLE Master Emulator Set-Up

nRF2739 BLE USB cable
Master Emulator
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ISP140501
Bluetooth Low Energy

Wireless Beacon Detection

BLE BEACON
ISP140501

@°PBAT -

QD PEND g2
P ’ 0
® DS» c

Key Features

Applications

<+ Single Mode BLE v4.0 Slave

4+ Based on Nordic Semiconductor nRF51 family
+ 2.4GHz low energy RF Transceiver

<+ 32bit ARM Cortex MO CPU with 256kB Flash

=+ Location sensitive information
=+ Marketing or retail applications
<+ Beacon technologies in Healthcare

4+ Fully integrated RF matching and Antenna % Beacon technologies in Education

+ Integrated 16 MHz and 32.768 kHz Clocks
+ Ultra Low Power Consumption

<+ Coin cell battery CR2450

+ Mini-RGB-LED

<+ 10 pins FPC connector for software loading
4+ Overall Size 33 x 33 x 8.7 mm

+ Temperature -25 to 75 °C

General Description

ISP140501 is an autonomous low-power device for
wireless detection and transmission. The complete
device makes use of Insight SiP 1SP130301 BLE
—= module together with low power host processor and
L small primary button cell battery CR2450. Overall
Fush size of the device is

= Programming,
e 33 x 33 x 8.7 mm.

It has been developed to explore the full range of
development possibilities for beacons using
Bluetooth Smart technology. They allow indoor
positioning, letting your phone know that you are in
range of a beacon. As the “beacon” name suggests,
they transmit packets of data in regular intervals,
and this data can be then picked up by devices like
smartphones.

~  UART

SWD Interface

GPIO

ADC x 8

Clocks X
nert -
adio

NRF51xxx

Switch

Vce
CR2450
Button
Battery

ISP140501

ISP130301

Ultra low power consumption and advanced power management enables battery lifetimes up to several
years on a coin cell battery.

Even though its very small size 8 x 11 x 1.2mm, the ISP130301 SiP module integrates decoupling
capacitors, 16 MHz and 32 kHz crystals, load capacitors, DC-DC converter, RF matching circuit and
antenna in addition to the wireless SoC. The host processor that handles the autonomous sensor
application, the high level portion of the BLE protocol stack and communication with the RGB-LED is a low
power 32-bit MCU (ARM Cortex-MO based), integrating 256kB flash memory and 8kB SRAM.

The two buttons can be programmed to enable easy switching between modes and/or functionality. As
well an RGB-LED can be configured to indicate different events.

An interface board, ISP130603 is available from Insight SIP development kit and allows for easy flash
programming the application processor via the 10 pin FPC connector. During firmware madification and
debug, the ISP140501 device may be supplied via the DC voltage from the ISP130603 interface board.
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1. Electrical Specifications

Current Consumption

The measured total average current consumption and autonomy of the ISP140501 sensor node supplied
by CR2450 or AAA battery for several connection intervals is shown below.

Connection Interval Peak Current A\éerage C”Tre”t CR2450 Autonomy A2 X AAA
(ms) (MA) onsumption (year)* utonomy
(HA) (year)*
100 11.7 245 0.3 1.1
750 11.7 32.7 2.1 8.4**
1000 11.7 24.5 2.8 11.2%

(*) Example with:
- one battery CR2450 (600 mAh)
- two batteries type AAA 1.5V (2400 mAh for 2 batteries)

(**) Limited by the battery lifetime
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Electrical Schematic
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2. RF Performances

RF Specifications according to standards

The performance of the Bluetooth Low Energy Radio link is that obtained by the ISP130301 module.
Temperature range -25°C to +75°C.

Parameter S?Jli\:;lit Condition
Output Power 20to +4 2010 10 dBm Channes
RF Frequency tolerance Beti?_rzgan +/- 50 Hz Cg ?gr;zls
Rx sensitivity -93 -70 dBm l—()e\itg/lof%re IZIEFX
Max range > 200 m Openhf(ia(ia;]t@lm
EIRP 4.6 dBm

Antenna Gain 0.6 dBi

Rx sensitivity 51.4 dBuv/im

3. Mechanical Outlines

Dimensional drawing

8.7mm

Batl ®

7
Y

33.0mm >

<—33.0mm
B 7
ae ez
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ISP140501-DK1
Bluetooth Low Energy
Wireless Beacon
Development Kit

General Description

In order to assist clients in developing their
Bluetooth Smart Beacon based on the ISP140501,
Insight SIP offers a Sensor Development Kit. This
consists of the following Sensor Board, containing:

<+ One Interface Board

4+ J-Link Lite CortexM-9 JTAG/SWD Emulator
+ 2 1SP140501 BLE beacon samples

4+ A Development Dongle

+ Cables, power supply and coin battery holder
4+ Smartphone is NOT included

Using this development kit, product developers can
use a working solution as starting point to develop
their own products. Time to market is saved by
avoiding starting from a blank sheet of paper. In
addition, there may be some applications that use
the hardware as is.

June 1, 2015 Page 11-1

nRF Beacon
Beacon is Near

Applications

Possible applications include:

< Location sensitive information

<+ Marketing or retail applications

=+ Beacon technologies in Healthcare
<+ Beacon technologies in Education

The miniature size of the Insight solution means it
could be comfortably worn, or is able to fit into a
small space.

Please refer to the application note AN140801 for
more information on kit implementation.

Specific Skills

If a product developer lacks skills in any of the
crucial areas to develop a working solution, then
Insight SIP can offer custom design services to
cover all of the following areas

=+ Custom hardware development
<+ Addition/replacement of different sensors
<+ Software development

Custom SIP development
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AN140801 T
Use of ISP140501-DK1 0%

INntroduction

This application note describes how to set up a Beacon application with ISP140501 that will send data via
the Bluetooth link to the Master Emulator or to a device (iPhone or Android device).

Two types of demonstration are presented.

The first one is directly executable with hardware and software provided in the Development Kit using
Master Control Panel application.

The second demonstration requires the use of an iPhone (4S or higher) or an Android device (4.3 or
higher).

Contents

1. Demonstration with Master Control Panel..............cooiii oo Page 12-1
2. Demonstration with Android Device (4.3 or HIGher) .......ooooiieiiiieee, Page 12-4
3. Demonstration with iPhone Device (4S or HIGer) ... Page 12-6

1. Demonstration with Master Control Panel

1. Place the CR2450 lithium battery into the battery holder.

Battery CR2450 POS Terminal UP
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Connect Development Dongle PCA10000 (Master Emulator) into a USB port on your computer.
Start Master Control Panel.
Click Start Discovery.

On the beacon, push the switch SW2 to pair with the master (the led become orange).

agbhwn

6. Click Select Device.

[ﬂ] Master Control Panel

- s - =
File Help
Master emulator
COM4 - 480106451 | 480106451 connected
4 Stop discovery

(- Beacon Config ((xCB1DFD2C8C2A) (-34dBm)

Delete bond info

Log
[15:32:06.9] Loading...
[15:32:07 4] Device address: (x8613808A8776

[15:32:07.4] Master emulator fimware version: mefw_nif51822_0.9.0.10022
[15:32:08.8] Ready

[15:32:08.9] SERVER: Server has started

[15:32:10.0] Device discovery started
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7. On the following display, click successively on Bond, Service Discovery and Enable Services.

File Help
Master emulator

[com4 - 480106451 | 480106451 connected
Device info

Device address: CB1DFD2C8C2A  Bonded: True

Actions

[Samdswvay][ﬁaﬂ][w][ﬂsaﬂem]i DFU |

Service Discovery
[=)- PrimaryService, Generic Access ((x1800)
(- CharacteristicDeclaration, Properties: Read, Wiite, Characteristic UUID: (x2A00
- DeviceName, DeviceName: Beacon Config
CharacteristicDeclaration, Properties: Read, Characteristic UUID: (x2A01
- Appearance, Appearance: (k1234
B- Chamdenstchedarabon Properties: Read, Characteristic UUID: (x2A04
“. SlavePrefemredConnectionP: MinConninterval: (x0130, MaxConnlnterval: (x0320, Slavelatency
[=)- PrimaryService, Generic Attribute (Bx1801)
-} CharacteristicDeclaration, Properties: Indicate, Characteristic UUID: (x2A05
ServiceChanged. (No values read)
ClientCharacteristicConfiguration, CharacteristicConfigurationBits: Indication ((x0002)
=8 anarySennce (x955A1523-0FE2-F5AA-AQ94-84B8DAF3ESAD
- CharacteristicDeclaration, Properties: Read, Write, Characteristic UUID: (x355A1526-0FE2-F5AA-AD94-84B8C
UUID: 955A1526-0FE2-F5AA-AD94-84BBDAF3EBAD, Value: 00-01-D0-F5
-- CharacteristicDeclaration, Properties: Read, Write, Characteristic UUID: (x355A1525-0FE2-F5AA-AD94-84B8C
UUID: 955A1525-0FE2-F5AA-A0S4-84B8D4F3E8AD, Value: BB
- CharacteristicDeclaration, Properties: Read, Write, Characteristic UUID: (x355A1524-0FE2-F5AA-AD94-84B8C
‘- UUID: 955A1524-0FE2-F5AA-AD94-84B8DAF3EBAD, Value: 01-12-23-34-45-56-67-78-89-9A-AB-BC-LD-D

< 1 | )
Attribute value

UUID (®x): 1526  Handle (Gx): 000E Display as UTF8
Value: © hex ) tet 00-01-00-F5 Write long Write

E
|| [15:37:48.1] Disable Services({0x000B:2.}) A
[15:37:48.2] Updated handle 000B with value [0, 0]

[15:37:48.2] Successfully updated the store value of CCCD

[15:37:49.7] Enable Services({(x000B:2.})

[15:37:48.7] Updated handle 000B with value [2, 0]

[15:37:48.7] Successfully updated the store value of CCCD

[15:37:59.3] Received Connection Parameter Update Request

[15:37:58.3] ConnectionParameterlpdateResponse sent with ACCEPTED response =

[15:37:59.3] Connection Parameters Update sent. Conninterval:500.0ms, Slavelatency:0, Supervision Timeout:4...

8. You can note data that transit between the ISP140501 and the Master Emulator via the Bluetooth link.

9. To switch off ISP140501, remove the CR2450 battery.
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2. Demonstration with Android Device (4.3 & higher)

The free beacon application developed by Nordic Semiconductor is available on the Play Store. Make sure
the Bluetooth is activated on your device (go to wireless device settings).

Download and install the nRF Beacon app on the Play Store. You should see the following screen on your
device.

Then you will be able to set up the application demonstration as follows:

1. Place the CR2450 battery into the Beacon ISP140501.

2. Start nRF Beacon application on your iPhone or on your android device, click Update and Connect.
3. On the beacon, push the switch SW2 to pair with the device (the led become orange).
June 1, 2015
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4. Select your Beacon (name Beacon Config).

] o (Vi

ﬂ Beacons

! X TO 44% @ 3:54

,ﬂ Beacons

BEACONS UPDATE DFU BEACONS UPDATE DFU
MODIFY BEACON PROPERTIES
uuID
Select device:
MAJOR
You have 0 beacons active. AVAILABLE DEVICES:
MINOR

Beacon Config
FD:F8:C1:93:86:0C

CALIBRATED RSSI dBm

Scan
Add beacon

Wireless by Nordic

Wirgless by Nordic

5. Click ‘+’ to add Beacon.
6. Wait until Beacon led turns back to purple.

7. Your beacon is successfully added, you can modify the parameters of the beacon in the configuration
option (change the name, the major and minor values, the notification ...).

P O fa s PO Al 0K TR 45%E 355
(N Beacon config N Beacons
nRF Beacon BEACONS UPDATE DFU
uuID 01122334-4556-6778-899a- nRF Beacon : “
abbceddeeffd SRR D
Far Near Atbeacon
) MAJOR 1
‘ MINOR 161
Scanning... NOTIRY
EVENT Near

ACTION Show Mona Lisa .
STATUS
ENABLED | oN |

Wireless by Nordic Wireless by Nordic
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8. Go to Beacons windows and see the notification about the Beacon detection on your device.

BEACONS

nRF Beacon

9. To switch off ISP140501 Beacon, remove battery.

3. Demonstration with iPhone Device (4S & higher)

The free beacon application developed by Nordic Semiconductor is available on the App Store. Make sure
the Bluetooth is activated on your device (go to wireless device settings).

Download and install the nRF Beacons app on the App Store. You should see the following screen on your
device.
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Then you will be able to set up the application demonstration as follows:

1. Place the CR2450 battery into the Beacon ISP140501.

2. Start nRF Beacon application on your iPhone or on your android device, click Update and Connect.
3. Onthe beacon, push the switch SW2 to pair with the device (the led become orange).

4. Select your Beacon (hame Beacon Config).

About Beacons e A Update

Beacon Config|
Configure Beacon Device

uuID
Please touch + on Navigation .
bar to add new Beacon. Major
For Nordic Semiconductor
Beacon, touch Update tab at
the bottom and there connect
to your Beacon and then add
it from there.

Minor

Calibrated RSSI

CONNECT
Beacons Unda Beatons Updata

5. Click ‘+’ to add Beacon.
6. Wait until Beacon led turns back to purple.
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7. Your beacon is successfully added, you can modify the parameters of the beacon in the configuration
option (change the name, the major and minor values, the notification ...).

< Beacons Configuration @j About Beacons i
nRF Beacon nRF Beacon
IDENTITY Near

UUID 01122334-4556-6778-899A-ABECCDDEEFFO
Major 1
Beacon Add Minor 245
New Beacon is successfully added!
NOTIFY
OK Event At beacon
Action Show Mona Lisa
STATUS
Enable O
Wireless by Nordic Wireless by Nordic
N [ N 0
Beacons Updats Beacons Update

8. Go to Beacons windows and see the notification about the Beacon detection on your device.

To switch off ISP140501 Beacon, remove battery.

Otk
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ISP131001

Bluetooth Low Energy Wireless

Accelero-Magnetometer,

Temperature and Barometer Detection Sensor

Key Features

Applications

+ Single Mode BLE v4.0 Slave or Master

+ Proprietary 2.4 GHz protocols

+ Based on Nordic Semiconductor nRF51 family
+ 2.4GHz low energy RF Transceiver

<+ 32bit ARM Cortex MO CPU with 256kB Flash
<+ Analog and Digital peripherals

+ Ultra Low Power Consumption

4+ Single 2.1 to 3.6 V supply

+ Overall Size 12.5 x 25 x 3 mm

+ Temperature -25to 75 °C

+ Fully integrated RF matching and Antenna

+ Integrated 16 MHz and 32.768 kHz Clocks

+ Coin cell battery CR2032

4+ Low Power 3-Axis Accelerometer Detection

4+ Low Power Temperature/Barometer Detection
<+ Programmable controlled mini LED

+ Certified CE, FCC, IC and TELEC

=+ Sport and fitness sensors

=% Health care sensors

« Industrial sensors

<+ Gaming sensors

< Motion detection and transmission

General Description

10

J1

DCDC Flash
Converter UART
R

Programming,
and external

SWD Interface

SPI x2 SPI

12C
Accelerometer/

Magnetometer
FX0S8700CQ

Clocks Cortex
Temperature/
Low Barometer
Energy LPS331AP
Radio

NRF51xxx

ISP130301

1SP131001

ISP131001 is an autonomous low-power device for
wireless acceleration, temperature and barometer
detection and transmission. The complete device
makes use of Insight SiP ISP130301 BLE module
together with low power 3-axis accelerometer and
temperature/barometer sensors connected to a
primary button cell battery CR2032. Overall size of
the device is
12.5x25x 3 mm.

The host processor that handles the autonomous
sensor application, the high level portion of the BLE
protocol stack and communication with the
sensors is a low power 32-bit MCU (ARM Cortex-
MO based), integrating 256 kB flash memory.

The Freescale FXOS8700CQ 3-axis linear
accelerometer and 3-axis magnetometer is used to
detect acceleration and is combined with ST Micro
LPS331AP temperature and barometer sensor. A
Rohm SML-P11MTT86 mini-LED is also part of the
board and is available to be controlled by software.
Data are transmitted via GPIO processor port. Data
sampling rate is set to
50 samples/second.

A development kit ISP130301-DK1 is available from Insight SIP and allows for easy flash programming
application processor via the 10 pin removable FPC connector. During firmware modification and debug,
the ISP131001 device may be supplied via the DC voltage from the development kit interface board. The
ISP131001 sensor can be reprogram on the air with the bootloader interface.
____________________________________________________________________Wnfbrn
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3. Mechanical Outlines

1. Electrical Specifications

Sensor Performance

The performance of the motion sensor is that obtained by the Freescale FXOS8700CQ. Key
characteristics are shown below.

Parameter Value ‘ Unit
Number of axes 6

Acceleration range 129/ +4g/ +8g g (9.81m/s?)
Magnetic measurement range +1200 uT g (9.81m/s?)
Number of bits for full range for each axis (accelerometer) 14 bits
Number of bits for full range for each axis (magnetometer) 16 bits
Data sampling rate (FIFO for acceleration only) 32 samples
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Electrical Schematic
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2. RF Performances

RF Specifications according to standards

The performance of the Bluetooth Low Energy Radio link is that obtained by the ISP130301 module.
Temperature range -25°C to +75°C.

BT V4 o
Parameter Std limit Condition
Channels
Output Power -20to +4 -20to 10 dBm 0 to 39
Better than Channels
RF Frequency tolerance +/-20 +/- 50 Hz 0 to 39
e Level for BER
Rx sensitivity -93 -70 dBm <0.1% ideal Tx
Open field @1m
Max range > 200 m height
EIRP 4.6 dBm
Antenna Gain 0.6 dBi
Rx sensitivity 51.4 dBpv/im
3. Mechanical Outlines
. ) . . 12.5mm . 3mm
Dimensional drawing N =
H
ol ]
25 mm £ = j]
o
O D (
= plL_lO
D ] C
: [=] e [
June 1, 2015 Page 13-4 Document Ref: isp_ble_Catalog_R2.3.docx E" =

Insight SiP — Green Side — 400 avenue Roumanille — BP 309 — 06906 Sophia-Antipolis Cedex — France —
The information contained in this document is the property of Insight SiP and should not be disclosed to any third party jr=%
without written permission. Specification subject to change without notice.

www.insightsip.com #&,




Insight SiIP APPLICATION NOTE
(s all i the package ISP131001

HOME| <<« |

AN140802
Accelero-Magnetometer, Temperature
and Barometer Sensor Demonstration

Introduction

This application note describes how to set up a Sensor application with ISP131001 Sensors Board that
will send data via the Bluetooth link to the Master Emulator or to an Apple Device.

Two types of demonstration are presented.

The first one is directly executable with hardware and software provided in the Development Kit using
Master Control Panel application.

The second demonstration requires the use of an iPhone or an iPad. The iOS application is available on
demand only as an App that can be installed for development purposes via the Apple developer program.
The procedure to obtain the App from Insight SiP and demonstration of the Sensor application with Apple
Device is described hereatfter.

Contents
1. Demonstration with Master Control Panel.................uuuuiiiiiiiiiiiiiiiiiiieeeeeeeeneees Page 14-1
2. Demonstration with iPhone or iPad DEVICE ...........cooo i Page 14-4
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(s all i the package ISP131001

HOME| << |

1. Demonstration with Master Control Panel

Place the CR2032 lithium battery into the battery holder.

Connect the battery holder to the Sensors Board ISP131001.

Connect Development Dongle PCA10000 (Master Emulator) into a USB port on your computer.
Start Master Control Panel.

Click Start Discovery.

aghwhpE

= Master Control Panel |Z|

File  Help

tdaster emulator

| COME - 480103054 v | 480103054 cornected

Scan for devices

Stop discovery

Digcovered devices

IngightSIP_CO0 0 [0xDEIFS1144D7E] [-43dBm)

Delete bond info

Log

[17:26:19.E] Loading...

[17:26:20.1] Device address: 0xF1F4CDFFE348

[17:26:20.1] Maszter emulator firmware wersion: mehs_nf51822_09.010022
[17:26:23.0] Ready

[1726:23.2] SERVER: Server haz started

[17:26:25.7] Device dizcovery started
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6.
7.

Click Select Device.
On the following display, click successively on Bond, Service Discovery and Enable Services.

™ Master Control Panel ‘z”ﬁ”z‘
File  Help

Master emulator
COME - 480103054 ~ | 480103054 connected

Device info
Device addiess: DESFG1144D7E

Bonded: True

Aotions

Senvice discovey | [ Bond | [ Discornect | [ Disable services

Service Discavery

APPLICATION NOTE
ISP131001

™ Master, Control Panel ‘L”E Z
File  Help
Master emulator

COME - 4801 03054 | 480103054 cornected

Device infor
Device address: DESF51144D7E

Aiong

Bonded: True

Service discovery | [ Bond | [ Disconnect ] [ Disable services

Service Dissovery

- PrimanService, Generic Access (041800)
& CharacteristicDeclaration, Properties: Fiead, Wiite, Characteristic UUID: 02400
DeviceName, DeviceMame: InsightSIP_CO0T0
- CharasteristicDeclaration. Properties: Fiead. Characteristic LILID: (2401
Appearance, Appearance: 1234
|2 CharacteristicDeclaration, Properties: Read, Charactenistic UUID: 02404
- SlavePrefarredConnectionParameters, MinCarnintervat 00005, MarConnintersal: 0xC108, Slavel atency: 00
- PrimanyService, Generic Atribute (041801]
= CharacteristicDeclaration, Properties: Indicate, Characteristic ULID: 02405
ServiceChanged, [Na values read)
- ClientCharacteristizConfiguration, CharacteristicConfiguratianBits: Indication (0002]
FrimayService, 01838
|2 CharacteristicD eclaration, Properties: Read, Notify, Characteristic ULID: 02008,
- LILID: 244, Yalus: 04-00-1CFB-08-21-D1-01-8E-01.F3-00
ClientCharacteristicCanfiguration, CharacteristicConfigurationBis: Natfication (0001)
PrimanyService, 0u1889
- CharasteristicDeclaration, Properties: Fiead, Notify, Charscteristic UUID: 02448
-~ ULID: 248, Y shue: DE-EE-ED-01-BE-E9-3D-00
ClientC! i
- PrimanServios, (51887
- CharacteristicD eclaration, Praperties: Wi, Characterstic LILID; 0x2440
LILID: 284C. [No values read)

onfigurationBits: Notification (0001]

< \ =

- FrimawyService, Generic Access (0x1800]
= CharacteristicDaclaration. Properties: Read. Wite. Characteristic ULID: 0+2400

- DeviceName, Devicehame: InsightSIP_CO0T0
B CharacteristicDeclaration, Properties: Read, Characteristic ULID: 0:2401

' Appearance. Appearance: 1234
= CharacteristicDeclaration, Properties: Read, Characteristic IUID: D:2804

. SlavePrelfenedConnectionParsmeters, MinConninterval: 0x0008, MaxConninterval: 00108, SlaveL atency: 001
- FrimaiyService. Generic Atribure [0x1501)
= CharacteristicDeclaration, Propetties: Indicate, Characteristic UUID: 052405
* SemiceChanged, [No values read)

- ClientCharacteristicCorfiguration, CharacteristicConfigurationBits: Indication [0002)
PrimaryService, Ow1828
=+ CharacteristicDeclaration, Properties: Riead, Notify, Characteristic LUID: Dx2Ad4

- UUID: 2844, Value: 00001 0FB-FB-20-EC-01-8401F1-00

. ClientCharacteristicCorfiguration, CharactsristicConfigurationBits: Notiication (0001)
PrimaryService, 0x1883
& CharacteristicDeclaration, Properties: Read. Notify, Characteristic LUID: D248
UUID: 2828 Value: 44-E8-F3-01-48-E9-3D-00

. ClientCherscteristicCorfiguration, CharacteristicConfiguiationBits: Motification {3001)

- FrimaiyService. 01587
= CharacteristicDeclaration, Properties: “Wiite, Characteistic ULID: Ox2A4C
©ULID: 284L. (Mo values rzad)

< | ]

Display 3 UTF8

Aitibue valis
| [[5end update |

v e | Handeon [ |

Vaue @ hex O et |

o]

Log

Etllhul& walue
wio g | Hendeon| | Display a5 UTF8
| [(5end update |

Vaue @ hex O test |

Log

[17:23:50 3] Received a Handle¥alueNotification on handle 0012 with value E4EBF10151EA3D00
[17:29:50.9] Received & HandleYalueNotification on handle 000E with value 040018FBFO20E0015201E700
[17:23:51.0] Received a Handle¥alueNotification on handle 000E with value E4FF1CFBFC20E 4018001FDOD
[17:29:51.0] Received & HandleY slueNatification on handle 000E with value ESFFO4FBF420E 30174010800
[17:28:51.0] Received a HandleWalueMotification on handle 0012 with value E2EEE 301B3E93000
[17:29:51.1] Received 3 Handle slueatification on handle 000E with value FBFF2BFBFC20E 2017401EE0D
[17:29:51.1] Received a Handle\ alueMotification on handle O00E with value FOFF14FBEC20DB01 7701 DEOD
[17:29:51.1] Recsived a HandleW slueMotification on handle 000E with value 000014FBDC20ED017901EE00
[17:29:51.1] Received a HandlelW alueMotification on handle 0012 with value DEEBEDOTBEE 93000

I1C| C1BE0TFI00

23

£

[17:30:44.4] Received a HandlieV alueM otification on handle 0012 with value SSESFE0TIPEB3000
[17:30:44 4] Receiwed a HandieWalueMotification on handle O00E with value FAFF1CFEFO20E B018C01FS00
[17:30:44 4] Received a HandleYalueN otification on handle DO0E with value FBFF18FBF420EE018201F800
[17:30:44.5] Received & HandleV alueM otification on handle D00E with value 040071 4FB0S21EDD17DOTEFOD
[17:30:44 5] Received a HandleW alueMotification on handle 0012 with value 45E8EDO 25E43D00
[17:30:44.5] Received a HandleY alueN otification on handle DO0E with value 000024FBE 420F0018701FCOD
[17:30:44.5] Received a Handlel slueM otification on handle D00E with value FBFF24FBEC20ECDT 8501FBOD
[17:30:44.6] Received a HandleV alueM otification on handle D00E with value 08001 8FE0021F30M8701DFO0
[17:30:44 6] Received & Handlel alueM otification on handle D012 with value 44E8F 301 43E 33000

on on handle & OFB| F100

[IE3

<

8. You can note data that transit between the ISP131001 Sensors Board and the Master Emulator via

the Bluetooth link:

- Data of the accelerometer/magnetometer on the above left figure
- Data of the temperature/pressure on the above right figure

9. To switch off ISP131001 Sensors Board, disconnect battery holder as seen in the figure below.
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2. Demonstration with iPhone or iPad Device

The Sensor application is available on demand from Insight SiP. The iOS App is a demonstration App that
is provided "as is" in order to demonstrate the Smart Bluetooth sensor node. Only one iPhone or iPad is
allowed per development kit.

Make sure you iOS device is compatible with Bluetooth 4.0 (iPhone 4S or higher, iPad Air, Mini, 3"
generation and above).

The installation procedure for the Sensor application is described hereafter:

1. Contact Insight SiP at contact@insightsip.com and communicate the kit number and the product key
notified on the dev Kkit.

2. We will send you by email an invitation 24h-48h after. Accept it using your iOS device you want to use
for the demo.

£ Toutes

De : TestFlight Masquer
A : noreply@n.testflightapp.com

Chris Barratt has invited you to join
the InsightSiP team on

testflightapp.com
8 octobre 2014 09:39

Chris Barratt has invited you to
InsightSiP as a Tester

Chris also had a message for vou:

P O o &« o

3. Sign up in order to register to TestFlight app

& testflightapp.com
Join with a new account @ testflightapp.com Y

Create a new TestFlight account and get access to beta
apps for InsightSiP:

You are now a tester for the “InsightSiP"
team.

In order to install applications via TestFlight on
your iOS device, you need to connect your device to
TestFlight.

Thanks for using TestFlight!

Connect your Device »

By clicking Sign Up, you agree to TestFlight's Terms of Use
& Privacy Palicy.

Sign Up »
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4. Connect your device. It will create a TestFlight icon on your device.
a testflightapp.com (¢ a testflightapp.com (4]
Reconnect this device by installing profile 9 Conneg)omce
M TestFIightAg;c/e_ss\ @ Device successfully connected!
* :esmygmpp?”/ \\1. You install email
@ Verified m v is available
N\ ?777/ .
< > M O @ < h O
5. Once you receive an install email of available build, open again your TestFlight app from your device
It can take additional 24-48 hours to receive this email.
6.

Click on “View All Apps” and then click on “Install”.

= Apps o

Compatible Apps

InsightSIPDemo

l Version 1.0 (1.0) INSTALL
08 September 3, 2014

Missing Apps?
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7. The InsightSiPDemo application is downloaded and installed. You should see the following screen on

your iOS device.

sese0 Bouygues 4G 18:40

InsightSIP...

*!?mn

Téléphone Mail Safari Musique

Then you will be able to set up the application demonstration as follows:

8. Place the CR2032 lithium battery into the battery holder.
9. Connect the battery holder to the Sensors Board ISP131001.

10. Start InsightSiPDemo application on your iOS, click Connect and select your Sensors Board (name is
InsightSiP_xxxxx).

eseso Bouygues 4G 1840 -

sees0 Bouygues 4G 18152 3 -
Insight SIP Demo  Connect < Back Connect
Accelerometer InsightSIP_< i+~
Temperature
LED
| gl
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11. Click Accelerometer. A Calibration phase invites you to rotate the ISP131001 Sensors Board. Then,
a starship on your iPhone screen follows the Sensors board movement.

eesec Bouygues 4G 18:41 3 -

¢ Back  Accelerometer

Calibration

Please rotate your sensors.

N

Rotation X Rotation Y Rotation Z

June 1, 2015
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13. Click Back and LED. A prompt will invite you to pair the Sensors Board with the iPhone. Click Pair.
The LED lights up.

Bluetooth Pairing Request

“InsightSIP_. .. " would like to
pair with your iPhone.

Pair

14. To switch off ISP131001 Sensors Board, disconnect battery holder as seen in the figure below.

June 1, 2015 Page 14-8 Document Ref: isp_ble_Catalog_R2.3.docx
Insight SiP — Green Side — 400 avenue Roumanille — BP 309 — 06906 Sophia-Antipolis Cedex — France — www.insightsip.com £ r Ty
The information contained in this document is the property of Insight SiP and should not be disclosed to any third party b33 14

without written permission. Specification subject to change without notice. =]k *




Insight SiP

It's in the

BLE SENSOR
ISP120901

HOME| <<« |

ISP120901

Bluetooth Low Energy Wireless
Orientation/Motion Detection

Sensor

Key Features

Applications

+ Single Mode BLE v4.0 Slave Module
+ Based on Nordic Semiconductor uBlue family
#+ Includes transceiver, baseband, software stack
+ Fully integrated RF matching and Antenna
+ Integrated 16 MHz Crystal Clock
+ Ultra Low Power Consumption

Coin cell battery CR1632 or CR1620
4+ Low Power 3-Axis Orientation/Motion Detection
+ Ultra Low Power Application Processor
+ 16 MHz Crystal Clock for Application Processor
4 32.768 kHz Crystal for BLE Protocol Sync.
#+ Overall Size 18 x 29 x 6 mm
4+ Temperature -40 to 85 °C

< Sport and fithess sensors

+ Health care sensors

<+ Out of Range (OOR) sensors

<+ Gaming sensors : Motion detection and
transmission

General Description

Configurable

/0

system Custom Low

” Power
Micro-

TP1+ controller

+

RF 32kHz X0 Flash

Memory

Ultra low RF
power Matching
24GHz Network

Transceiver

Management decoupling

Advanced Power
Power Supply
16 MHzXO

[ | Ve
32 kHz Xtal
n
Flash
Programming Low Power
Interface and Micro-Controller
external LPC1114FHI33/302

CR1632
or CR1620

Accelerometer
[2G
Button

MMA7660FC

e Battery

ISP120901

ISP120901 is an autonomous low-power device for
wireless  orientation/motion  detection  and
transmission. The complete device makes use of
Insight SiP 1SP091201 BLE module together with
low power host processor, 3-axis orientation/
motion sensor and small primary button cell battery
CR1632 or lower capacity CR1620. Overall size of
the device is 18x29x6 mm.

The host processor that handles the autonomous
sensor application, the high level portion of the BLE
protocol stack and communication with the
3-axis sensor is a low power 32-bit MCU (ARM
Cortex-MO based), the NXP LPC1114FHI33/302,
integrating 56kB flash memory and 8kB SRAM.

The Freescale MMA7660FC, a 3-axis orientation/
motion detection sensor is used to detect
acceleration and orientation transmitted via the 12C
bus. The MMA7660FC has an auto-Wake/ Sleep
feature for low power consumption. Data sampling
rate is configurable from 1 to 120 samples/second.
The MMA7660FC has orientation detection and
gesture detection capabilities.

An interface board, ISP120907 is available from Insight SIP and allows for easy flash programming the
LPC1114FHI33/302 application processor via the 14 pin FPC connector. During firmware modification and
debug, the ISP120901 device may be supplied via the DC voltage from the ISP120907 interface board.
An optional UART interface (TP1+TP2) with direct connection to the nRF8001 uBlue is available for
Bluetooth Low Energy radio testing as specified by the Bluetooth standard.
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1. Electrical Specifications

Current Consumption

The measured total average current consumption and autonomy of the ISP120901 orientation/motion
sensor node supplied by a CR1632 battery for several connection intervals is shown below.

Connection Interval Average Current Consumption Autonomy
(ms) (HA) (year)
1000 63.6 0.25
2000 36.0 0.44
3000 26.9 0.60
4000 22.3 0.72

Sensor Performance

The performance of the motion sensor is that obtained by the Freescale MMA7660FC. Key characteristics
are shown below.

Parameter Value ‘ Unit
Number of axes 3
Acceleration range +/-1.5 g (9.81m/s?)
Number of bits for full range for each axis 6 bits
Data sampling rate (each sample is 3 axis acceleration data) 1to0 120 samples/s
I [=]
g
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2. RF Performances

RF Specifications according to standards

The performance of the Bluetooth Low Energy Radio link is that obtained by the ISP091201 module.
Temperature range -40°C to +85°C.

BT V4 o
Parameter Std limit Condition
Output Power -0.9 -20to 10 dBm Channels 0 to 39
RF Frequency tolerance Beti(/a_rztgan +/- 50 Hz Channel 0 to 39
Rx sensitivity -87 -70 dBm Level for BER

<0,1% ideal Tx
Open field at 1m

Max range > 20 m

height
EIRP 0.3 dBm
Antenna Gain 1.2 dBi
RXx sensitivity 56.8 dBuVv/m
3. Mechanical Outlines
. . . 18.0 6.0
Dimensional drawing o =T
I g [
ol
E oD - -
D, "1
© 0 oo =]
& 8
|
O,
0o
oo 1
= i L]
oo
| L]
, (BT
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AN130402
Orientation / Motion Sensor
Demonstration

a
(=]
o
=
ol
o
W o ¢
=]
o

Introduction

This application note describes the PC software setup to use the ISP120901 accelerometer demonstration
program. The demonstration requires a ISP120901 accelerometer with a 1632 battery, a Windows PC
running XP, Vista or Windows 7, a Nordic Semiconductor Master Emulator nRF2739 (delivered with uBlue
SDK) and appropriate software from Insight SiP.

The note describes the software installation procedure and the operating mode.

Software Installation

In order for the demonstration to operate the following software packages need to be installed on the PC:

4+ Microsoft .NET framework 4

4+ Microsoft XNA Framework Redistribuable 4.0

+ Nordic Semiconductor nRF8001 SDK v1.7 (for Master Emulator USB drivers)
4+ Accelerometer Demo folder from Insight SIP with executable file and dll files

Microsoft .NET framework 4 Re-distribuable package
This can be downloaded from Microsoft at the following address http://www.microsoft.com/en-

us/download/details.aspx?id=17718. To install this package follow the instructions on the Microsoft
website.

Microsoft XNA Framework Re-distribuable 4.0

This can be downloaded from Microsoft at the following address http://www.microsoft.com/en-
us/download/details.aspx?id=20914. To install this package follow the instructions on the Microsoft
website. This is necessary since the visual representation of the orientation of the accelerometer uses
Microsoft Game studio.

Nordic Semiconductor nRF8001 SDK v1.7

Run the nRF8001 SDK so as to be able to use the Master Emulator (USB drivers).
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Accelerometer Demo Folder

The Accelero_Demo_EXE.zip file should be un zipped at any suitable location on the PC. This contains

the executable file and all the dll files necessary for the demonstration to run.

The directory should be as shown below:

APPLICATION NOTE
ISP120901

Mame
%.ﬁ.ccelero.exe
Accelero,pdb

plibs.dl
ermulatorlibs. dl
hei_coder . di
=] MaskerEmulator ., =ml
MasterEmulator,dil
Ulpbt.di

Signalvzer, dil
Segger. dll

hci_coder _net. dil
UlpbtUtils, i

fici.dl
=] Microsaft, Scripting xml
=] Microsaft, Scripting, Metadata, <l
Microsaft, Scripting. Metadata. dil
Microsaft, Scripting., dil
=] Microsoft, Dynarnic, <l
Microsoft, Dynamic. dll
=] IronPython, sl
IronPython, Modules. di
IronPython. di
E]Content

Size

236 KB
54 KB
1425 KB
217KE
45 KB
TTEKE
35 KB
200 KB
31 KB
12 kB

27 KB
26 KB

1Z KB
201 KB
17 KB

a1 KB
141 KB
360 KB
1020 KB
399 KB
637 KB

1 750KE

Type

Application

PDE File

Application Extension
Application Extension
Application Extension
ML Docurnent
Application Extension
Application Extension
Application Extension
Application Extension
Application Extension
Application Extension
Application Extension
ML Docurnent

ML Docurnent
Application Extension
Application Extension
ML Docurment
Application Extension
ML Document
Application Extension
Application Extension
File Folder

Dake Modified =
41602013 11:05 AM
1/22}20153 4:22 PM
92812012 2:31 PM
92812012 2:51 PM
92812012 2:31 PM
92812012 2:51 PM
92812012 2:51 PM
92612012 2131 PM
92512012 2:31 PM
92512012 2:31 PM
92812012 2:31 PM
92812012 2:31 PM
92812012 2:51 PM
92812012 2:29 PM
9/28/2012 2:29 PM
9J26{2012 2129 PM
926{2012 2129 PM
92512012 2:29 PM
92812012 2:29 PM
92812012 2:29 PM
92812012 2:29 PM
9282012 2:29 PM
4312013 12:41 PM

Hardware Setup

Master Emulator

Connect the nRF2739 Master Emulator to the PC and check to ensure that the USB drivers are correctly

installed.

This can be checked on the Control Panel Device Manager under USB Controllers:

USB Serial Converter A
USB Serial Converter B
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Should both be installed see below for details:

Device Manager Serial Converter A Properties

Flle  Action  Wiew Help
- = &g 2 = J

- USE Serial Converter &
% Processors %"
@%l SC5I and RAID caontrollers

@5 Sound, video and game controllers Driver Provider NORDICSEMI
“=g» Storage volumes

g Swstem devices Driver D ate: a8s201m
. niversal Serial Bus contrallers D i S 28140

v Generic USE Hub
¢ Inkel(R) 828016 (ICH7 Family) USE Universal Host Controller - 27C8 Digital Signer: Maot digitally signed
¢ Inkel(R) 528016 (ICH? Family) USE Universal Host Controller - 2729
¢ Intel(R) 82801G (ICH7 Family) USE Universal Host Cantroller - 27CA = =

s Inkel(R) 82801 (ICHF Family) USE Universal Host Contraller - 276 To view details about the driver files.
¢ Inkel(R) 828013 (ICH? Family) USEZ2 Enhanced Host Controller - 27C
= UUSE Composite Device
USE Mass Storage Device
¢ LISE Rook Hub

¢ LUSE Foot Hub Fioll Back, Diriver If the device fails: after _upclating tlje driver, rall
% 1USB Root Hub back to the previously installed driver.

o USE Root Hub
# 1USE Roat Hub Uninztal To uninstall the driver [&dvanced).
# LISE Serial Converter A
= 1JSE Serial Converter B

| General || Advanced| Diriver | Details|

=-

Update Diriver... To update the driver for this device.

[ Ok ][ Cancel ] Help

. Device Manager |z USB Serial Converter B Properties

File  Action  View  Hel — T—
£ General | Advanced | Diiver | Details |

- = HE 2 =ma
EQ UISE Serial Corwerter B

ﬂ Processors -~

@ 55T and RAID controllers

9, g:””dJ V'dTD and game controllers Diiver Provider:  MORDICSEMI
“agm Storage wolumes

g System devices Driver Date: 3es20m

= Universal Serial Bus controllers Diver e siony 28140
-8 Generic USE Hub

Inkel{R) 82801G (ICHT Family) USE Universal Host Controller - 27C8
InkeliR) 82801G (ICH? Family) USE Universal Host Controller - 2709
Inkel{R) 82801G {ICH? Family) USE Universal Host Controller - 27CA : :

Inkel(R) 82801 G (ICH? Family) USB Uiniversal Host Controller - 278 fhver Jetals To visw details about the driver fles.
Intel{R) 82501G (ICH7 Family) USBZ Enhanced Host Controller - 27CC

U3E Composite Device Update Driver... To update the driver far this device

Digital Sigrer: Mot digitally signed

USE Mass Storage Device

UISE Root Hub =

USE Root Hub Foll Back Driver Ll th: de\o'ice fai\s_ alhlel _l,lpda”tir:jg;ha driver, rol
USE Rook Hub ack to the previously instalied driver.

UISB Rook Hub

USE Rook Hub Uningtall T uninstall the driver [Advanced).

USE Serial Canverter &
3B Serial Converter B

<
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Connect Battery to ISP120901 Accelerometer as shown below:

Battery CR1632 POS Terminal UP Battery CR1632 Fully Installed

Run Software

Navigate to the Accelero_Demo_EXE folder:

®; C:\users\BTLE\Sensors [= [O]X]
Mame Size | Type Date Modified =
File and Folder Tasks B ticcelera_pile_photos.zip SE74KE  Archive WinRAR ZIP  4/16/2013 4:05 PM
g Make a new Folder ﬁlxnafx‘m_redist.msi 6880KE  Windows Installer P, 4/16/2013 3:27 PM
) ) (Inefan01_sdk_v1_7_install.exe 16732 KB Application 4/16/2013 3:21 PM
(% ] C\j‘iSh this folder to the 2 dothletFx40_Full_setup.exe 863KE  Application 4/16/2013 3:21 PM
= . Accelera_Demo_E¥E.zip 3182 KB  Archive WinRAR ZIP 4/16/2013 3:14 PM
led Share this folder
@ANISD‘}DZRD.chx 36 KE Document Microsoft..,  4f16/2013 2:42 PM
Rﬂ~$130402RD.docx 1KE Document Microsoft,,,  4/16/2013 2:42 PM
Other Places iT!,ﬁBusiness_Document_Rev'ision_Table.><|s>< F4KE Feuile Microsoft OFF...  4/16/2013 2:41 PM
ﬁDSIZUQUIRD.de 805 KE Adobe Acrobat Doc...  4/16/2013 2:31 PM
[ BTLE Bps120901R.0.docx 838 KE Document Microsoft..,  4/16/2013 2:31 PM
[EJ My Documents @DSIZDQDSRD.dDEX 724 KB Document Microsoft...  4f16/2013 2:27 PM
[ shared Dacuments iq,QDSIZDQDQRD.cIocx F2AKE Document M?crosoFt... 4/16/2013 2:27 PM
9 iy ey @DSIZDQI 1R0.docx 719KB Document Microsoft..,  4f16/2013 2:27 PM
= ) Accelera_pile_phaotos File Falder 4/16/2013 4:25 FM
& by Nebwork Places () Accelero_Demo_EXE File Folder 4{16{2013 4:21 PM
Details
Sensors
File: Folder
Date Modified: Today, April 16,
2013, :21 PM
15 objects 37.1 MB 3 My Computer
I [=]
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ISP120901

Launch Accelero.exe (on some systems you may need to launch using “run as administrator”)

File and Folder Tasks

() Make a new folder

ﬂ Publish this folder to the
=

4 share this Folder

Other Places

| Sensars

B My Documents
|5 Shared Documents
a My Computer

W My Hetwark Places

Details

Accelero_Demo_EXE
File Folder

Date Modified: Taday, April 16,
2013, 4:21 PM

18 objects

Two screens should open:

& C:\users\BTLE\SensorsMccelero_Demo_EXE

Mame

& accelero.pdn
@Accelero =]
(2] pylibs. di
jemulatorhbs.dll
Dhu_coder.dll
;lMasterEmuIator.d\I
5| Lllpbt.dll
;]Signalyzer.dll
5| seqger.dil
;lhci_coder_net.dll
3] Ulphtils, di
) aci.di
%] LinkaRM, di
_} licrosaft, Scripting. dil
:} licrosoft, Dynamic. dil
EBIrUnPythUn.MUdules.dll
EDIronPython.dII
@Content

I [ ) )
(L =

Size  Type
6ZKB PLE File
236KE  Application
1425KB  Application Extension
2179KE  Application Extension
45 KB Application Extension
33KE  Application Extension
200KB  Application Extension
31KE  Application Extension
12KB  Application Extension
Z7KB  Application Extension
26KE  Application Extension
12KB  Application Extension
4 422KB  Application Extension
141 KB Application Extension
1020KE  Application Extension
637 KB  Application Extension
1 750KE  Application Extension
File: Folder

B(=]e3

Date Modified
4{16{2013 4110 PM
4{16/2013 4:10 PM
9/28{2012 2:31 PM
9/28{2012 2:31 PM
9j28{2012 2:31 PM
9f28{2012 2:31 PM
9/28{2012 2:31 PM
9/26/2012 2:31 PM
9j28{2012 2:31 PM
9f28{2012 2:31 PM
9/28{2012 2:31 PM
9/26/2012 2:31 PM
9f28(2012 2:30 PM
9f28(2012 2:29PM
9/28{2012 2:29 PM
9J26{2012 2:29 PM
9f28(2012 2:29 PM
4116/2013 4:21 PM

| 11.9MB | My Computer

roximity - Accelero Demo ==
i ooszwxoN = Open |
Device name Proximity - Accelero App
Immediate alert level Off Low High Set
Link loss level off Low High Set
IntervalMs TimeoutMs Latency
0 | [ eoo0 | [ o | Set
75-4000me 3000 - 32000 ms 0-500 Range
g.X q_Y 9.z
Accelero  pat x Rot_Y Rot_Z
Pettem devies discovery ‘ ‘ ‘ ‘ ‘ ‘
Connect
eady
I [=]
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s|ghtS P APPLICATION NOTE
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On the Right hand screen click on Open

: OOBZWHON

7 9pen |

Device name

Proximity - Accelero App

Immediate alert level Off Low High Set

Link loss level Off Low High

Set
IntervalMs TimeoutMs Latency
100 | | e000 | | o | el
7.5-4000 ms 3000 -32000 ms 0-500 Range
g_X q_Y g~z
Accelero  p .y « Rot Y Rot 7
Perfomn device digcovery

Connect

Connecked: |:|

C____________________________________________________________________[;nOfu
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Insight SiIP APPLICATION NOTE
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Reset Accelerometer with small reset button:

On Panel “Perform Device Discovery”

[-’3 Proximity - Accelero Demo

i ooszwxon 7 Cpen |

e ey Proximity - Accelero App
Immediate alert level Off Low High Set
Link loss level off Low High Set
IntervalMs TimeoutMs Latency
100 | | s000 | | o ] Set
7.5-4000 ms 3000 - 32000 ms 0-500 Range
g_X g_Y g 7
. Accelero  poy x Rot Y Rot Z
[ Perfom device discoverny ) | | | | | |
[ Connect
Log
Setup: azzigned pipenumber 3 type TRANSMIT G
Setup: add service 0=1803 store REMOTE_STORE
Setup: add char def 0x2406
Setup: azzighed pipenumber 4 type TRANSMIT WITH_ACK
Setup: add service 0x1802 store LOCAL_STORE
Setup: add char def Ox2A08
Setup: assigned pipenumber 5 type RECEIVE
Fun —
v
Connected: D
I [=]
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Accelerometer_x should appear. If this fails, reset accelerometer (to put into advertising mode) and
perform device discovery again.

Press on “Connect”

= Proximity - Accelero Demo

EoooezwwoN v Cpen |
]

Device name Proximity - Accelero App
Accelerometer_1
Immediate alert level Off Low High Set
Link loss level Off  Low  High Set
IntervalMs TimeoutMs Latency
100 | | e000 | | o | el
7.5-4000 rns 3000 - 32000 ms 0-500 Range
g_Xx g g_z
Accelero
Rot_X Rot Y Rot_Z
[ Perforn device dizcovery J ‘ | ‘ | ‘ |
[ Cotinect
Log
Setup: add char def 042406 |
Setup: azzighed pipenumber 4 tppe TRANSMIT WwWITH_ACK
Setup: add service 0x1802 store LOCAL_STORE
Setup: add char def 0x2408
Setup: azzigned pipenumber 5 tppe RECEIWVE
Fun
Device dizcoveny g
Device dizcovery ':

Connected: |:|
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Both Displays should change and be updated every 100ms:

Baceetero - [5]x] imity - EEE

Device name Proximity - Accelero App

Immediate alert level & Off C Low O High
Link loss level © Off C Low O High
IntervalMs TimeoutMs Latency
0 eo00 | 0 | Set
75-4000ms 3000-32000 ms. 0-500 Range
g_X gy g7z
014062 | o | 1.03125
Accelero  poy x Rot_Y Rot_Z
e 0.0475  |-0.1882  |1.81577

Disconnect

Received Accelero o_xY akue update notiication: 01875

Loa

3

Received Accelern g_yValue update notfication: 0

Received Accelen a_2Yalue updste notfication: 1.078125

Received Accelero a_s¥alue update notfication: 01875

Received Acoelern 0_yY s update notfication: 0

Received Acceler 0_z%alue update notfication: 1.076125

Received AttH andiey aluehlotification on pips number 2 vith value D43F15
Received AttH andil alueNlotification on pips number 2 vith value 030016

<l

Connected: ||

£3 Accelero %] EZProximity - Accelero Demo [~ [B]x]

[ — |

Device name Proximity - Accelero App

Immediate alert level © Off O Low C High

Link loss level © Off O Low O High
IntervalMs TimeoutMs Latency
100 6000 0 Set
7.5-4000 ms 3000 - 32000 ms 0-500 Range
g x q_Y 9.7
014062 -0.5156  0.89062
Accelero  poy x Rot_Y Rot_Z
-0.4636 02700 2.63449
Log
Received Accelero o_x Yalue update notification: 0140625 o]
PReceived Accelero g_y Value update notification: -0.421875
Received Accelero q_z Value update natification: 084375
Received pipe number 12
Received Accelero o_x Yalus update notification: 0234375
Received Accelero _y Yalue update notification: -0.421875
Received Accelero g_z Value update notification: 084375
Received. Pipe rumber 3 =
>
Connected: ||
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Stop Software

To switch off PC program, click on top Right Corner of both windows.

To switch off accelerometer remove battery as shown:
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ISP120909
Bluetooth Low Energy Wireless
Temperature Detection

Sensor
Key Features Applications
+ Single Mode BLE v4.0 Slave Module <+ Temperature monitoring sensors
+ Based on Nordic Semiconductor uBlue family <+ Thermostat controls sensors
<+ Includes transceiver, baseband, software stack + Health care sensors
<+ Fully integrated RF matching and Antenna <+ Out of Range (OOR) sensors
4+ Integrated 16 MHz Crystal Clock
<+ Ultra Low Power Consumption General Description
Coin cell battery CR1632 or CR1620
+ Low Power Digital Temperature Sensor ISP120909 is an autonomous low-power device for
4+ Ultra Low Power Application Processor wireless temperature detection and transmission.
%+ 16 MHz Crystal Clock for Application Processor  The complete device makes use of Insight SiP
#+ 32.768 kHz Crystal for BLE Protocol Sync. ISP091201 BLE module together with low power
#+ Overall Size 18 x 29 x 6 mm host processor, digital temperature sensor and
+ Temperature -40 to 85 °C small primary button cell battery CR1632 or lower
capacity CR1620. Overall size of the device is
18x29x6 mm.
The host processor that handles the autonomous
contguratl e I voens | | sensor application, the high level portion of the BLE
systems | cusomtow SO0 | Netwark protocol stack and communication with the

Power
=) At

TP1+ controller

temperature sensor is a low power 32-bit MCU
(ARM Cortex-M0 based), the NXP
Hoower I LPC1114FHI33/302, integrating 56kB flash

+
RF 32kHz X0 Flash
Memory

Supply
Management

decoupling memor‘y and 8kB SRAM

16 MHz X0

The Texas Instruments TMP112, a digital
temperature detection sensor is used to detect
room temperature transmitted via the 12C bus. The
orcaisao TMP112 TMP112 is capable of reading
— temperatures to a resolution of 0.0625°C. It is
specified for operation over a temperature range of

-40°C to 125°C.

An interface board, ISP120907 is available from Insight SIP and allows for easy flash programming the
LPC1114FHI33/302 application processor via the 14 pin FPC connector. During firmware modification and
debug, the ISP120901 device may be supplied via the DC voltage from the 1ISP120907 interface board.
An optional UART interface (TP1+TP2) with direct connection to the nRF8001 uBlue is available for BLE
radio testing as specified by the Bluetooth standard.

32 kHz Xtal

Flash
Programming Van Power Temperature
Interface and Micro-Controller 12C TMP112
external LPC1114FHI33/302

CR1632

power

1SP120909
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1. Electrical Specifications

Current Consumption

The measured total average current consumption and autonomy of the ISP120909 temperature sensor
node supplied by a CR1632 battery for several connection intervals is shown below.

Connection Interval Average Current Consumption Autonomy
(ms) (HA) (year)
1000 55.1 0.29
2000 31.8 0.50
3000 24.0 0.67
4000 20.1 0.79

Sensor Performance

The performance of the temperature sensor is that obtained by the Texas Instruments TMP112. Key
characteristics are shown below.

Parameter Value ‘ Unit
Accuracy +/-0.0625 °C
Temperature range -40 to +125 °C
Resolution 12 bits
m af;
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BLE SENSOR
ISP120909
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nsight SiP BLE SENSOR
s all m the package ISP120909

HOME| <« |

2. RF Performances

RF Specifications according to standards

The performance of the Bluetooth Low Energy Radio link is that obtained by the ISP091201 module.
Temperature range -40°C to +85°C.

BT V4

Parameter std limit Condition
Output Power -0.9 -20to 10 dBm Channels 0 to 39
RF Frequency tolerance BetJtith(;\an +/- 50 Hz Channel 0 to 39
I Level for BER
RXx sensitivity -87 -70 dBm <0.1% ideal Tx
Open field at 1m
Max range > 20 m height
EIRP 0.3 dBm
Antenna Gain 1.2 dBi
Rx sensitivity 56.8 dBuv/im
3. Mechanical Outlines
Dimensional drawing - . - 0
I J) T
ol |
A i)
; Sl — i
& P
o 01
[ ﬂ
UI]I]:I [ 0o —
° il -
]
| L
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Insight SiIP APPLICATION NOTE
(s all i the package ISP120909

HOME| <<« |

AN130404
Temperature Sensor Demonstration

Introduction

This application note describes the PC software setup to use the ISP120909 temperature demonstration
program. The demonstration requires a ISP120909 Temperature Sensor with a CR1632 battery, a
Windows PC running XP, Vista or Windows 7, a Nordic Semiconductor Master Emulator nRF2739
(delivered with uBlue SDK) and appropriate software from Insight SiP.

The note describes the software installation procedure and the operating mode.

Software Installation

In order for the demonstration to operate the following software packages need to be installed on the PC:
<+ Microsoft .NET framework 4

<+ Nordic Semiconductor nRF8001 SDK v1.7 (for Master Emulator USB drivers)

+ Temperature Demo folder from Insight SIP with executable file and dll files

Microsoft .NET framework 4 Re-distribuable package

This can be downloaded from Microsoft at the following address http://www.microsoft.com/en-
us/download/details.aspx?id=17718. To install this package follow the instructions on the Microsoft
website.

Nordic Semiconductor nRF8001 SDK v1.7

Run the nRF8001 SDK so as to be able to use the Master Emulator (USB drivers).

Temperature Demo Folder

The Temp_Lum_Demo_EXE.zip file should be unzipped at any suitable location on the PC. This
contains the executable file and all the dll files necessary for the demonstration to run.
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Insight SiP

It's in the

HOME |

< |

The directory should be as shown below:

APPLICATION NOTE
ISP120909

Mam =~
aci.dl
emulatorlibs. dll
hei_coder. dll
hei_coder_net.dl
IronPython, dil
TronPython, Modules. dl
= IronPython, xml
Linkarm,di
[Z] log.txt
MasterEmulator . dil
= MasterErmulator  xml
Microsoft, Dynamic, dil
= Microsaft, Dynarnic, <ml
Microsoft, Scripting. dil
Microsoft, Scripting. Metadata, dil
= Microsoft, Scripting. Metadata, xml
= Microsoft, Scripting, =ml
%Proximitv Termp-Luming Demno,exe
Proimity Temp-Lumino Demo.pdb
ﬁProximitv Temp-Lumino Demo.vshost,exe
Proimity Temp-Lumino Dema.wshost, exe.manifest
ProximityDemo, vshost, exe, manifest
pylibs. i
Seqgger.dll
Signalyzer,dil
Ulpbt. dil

Ulpbktils, dl

Taille:

12 Ko
2,179 Ko
45 Ko

27 Ko
1,750 Ko
637 Ko
399 Ko
4,422 Ko
1Ko

38 Ko

77 Ko
1,020 Ko
360 Ko
141 Ko
91 Ko
17 Ko
201 Ko
233 Ko
56 Ko

12 Ko

1 ko
1Ko
1,425 Ko
12 Ko

31 Ko
200 Ko
26 Ko

Type

Application Extension
Application Extension
Application Extension
Application Extension
Application Extension
Application Extension
Document =ML
Application Extension
Document texte
Application Extension
Dacument #ML
Application Extension
Dacument =ML
Application Extension
Application Extension
Dacument #ML
Document =ML
Application

Fichiet PDE
Application

Fichier MAMIFEST
Fichier MAMIFEST
Application Extension
Application Extension
Application Extension
Application Extension
Application Extension

Date de modification
0928(2012 2:31 PM
0972812012 2:31 FM
0928(2012 2:31 PM
0972812012 Z2:31 FM
09/28/2012 2:29 FM
09f28(2012 2:29 PM
09/Z812012 Z:29 FM
0928(2012 2:30 PM
Q0ZM0712013 1:38 AM
09/28/2012 2:31 PM
0928(2012 2:31 PM
09/Z812012 Z:29 FM
09/28/2012 2:29 FM
09/Z812012 Z:29 FM
09/28/2012 2:29 FM
09f28(2012 2:29 PM
09/Z812012 Z:29 FM
04/16/2013 11:01 AM
04/16/2013 11:01 AM
04/16J2013 11:02 AM
03/17(2010 10:39 PM
Q3172010 10:39 FM
09/28/2012 2:31 PM
0928(2012 2:31 PM
0972812012 2:31 FM
0928(2012 2:31 PM
0972812012 Z2:31 FM

Hardware Setup

Master Emulator

Connect the nRF2739 Master Emulator to the PC and check to ensure that the USB drivers are correctly

installed.

This can be checked on the Control Panel Device Manager under USB Controllers:

USB Serial Converter A
USB Serial Converter B
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Insight SIP APPLICATION NOTE
(s all i the package ISP120909

HOME| <<« |

Should both be installed see below for details:

Device Manager Serial Converter A Properties

Flle  Action  Wiew Help
- = &g 2

USE Serial Converter &
## Processors %"
@%l SC5I and RAID caontrollers

-@5- Sound, video and game controllers

“=g» Storage volumes
Swstem devices Driver D ate: a8s201m

| General || Advanced| Diriver | Details|

Driver Pravider: MNORDICSEMI

. niversal Serial Bus contrallers D i S 28140

&= Generic USB Hub

= Intel(R) 828016 (ICH7 Family) USE Universal Host Controller - 278 Digital Signer: Maot digitally signed

o Inkel(R) 828016 (ICH7 Family) USE Universal Host Controller - 27C9
¢ Intel(R) 82801G (ICH7 Family) USE Universal Host Cantroller - 27CA = =

s Inkel(R) 82801 (ICHF Family) USE Universal Host Contraller - 276 To view details about the driver files.

¢ Inkel(R) 828013 (ICH? Family) USEZ2 Enhanced Host Controller - 27C

# LISE Composite Device

¢ LISE Mass Storage Device

¢ LISE Rook Hub

¢ LUSE Foot Hub Fioll Back, Diriver If the device fails: after _upclating tlje driver, rall

=+ LISB Root Hub back to the previously installed driver.

= LUSE Rook Hub

# 1USE Roat Hub Uninztal To uninstall the driver [&dvanced).

# LISE Serial Converter A

= 1JSE Serial Converter B

Update Diriver... To update the driver for this device.

[ Ok ][ Cancel ] Help

. Device Manager |z USB Serial Converter B Properties

File  Action  View  Hel — T—
£ General | Advanced | Diiver | Details |

- = s 2 =Rma
UISE Serial Corwerter B
% Processors [ %
@ SCSI and RAID controllers
@5- Sound, video and game controllers Diiver Provider: NORDICSEMI
“g# Storage volumes
System devices Driver Date: 3418/2011
Universal Serial Bus controllers BTcer e siony 28140
Generic USB Hub
Digital Signer: Mot digitally signed

InkeliR) 82501G (ICH? Family) USE Universal Host Controller - 278
Inkel{R) 82801G {ICH? Family) USE Universal Host Cantraller - 27C9
Inkel{R) 82801G (ICH? Family) USE Universal Host Controller - Z7CA PN s h P
Intel{R) 82801G (ICHT Family) USE Universal Host Controller - 27CE

InkeliR) 82501G (ICH? Family) USBZ Enhanced Host Controller - 27CC

USE Compaste Device To update the driver for this device.
USE Mass Starage Device
LISE Rook Hub

USE Rook Hub If the device fails after updating the driver, rall
\USE Raot Hub back to the previously installed driver.

USE Root Hub

USE Rook Hub Uningtall To uninstall the driver [Advanced).

USE Serial Convverter &

USE Serial Converter B ~|
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Insight SiIP APPLICATION NOTE
(s all i the package ISP120909

HOME| <<« |

Connect Battery to ISP120909 Temperature Sensor as shown below:

Battery CR1632 POS Terminal UP Battery CR1632 Fully Installed

Run Software

Navigate to the “Temp_Lum_Demo_EXE” folder:

& Sensors |:| |§| |§|

Fichier  Edition  Affichage Favoris  Outils 7 ﬂ.

Précédente - | ) 7 @) Rechercher || Dossiers -
W |, i

Adresse | Criusers\BLE|Sensors V| ok
Mom = Taille = Type
Gestion des fichiers | Accelero_Dema_EXE File Folder

. (&0 Temnp_Lumn_Demo_EXE File Folder
Iﬂ Renommer ce dossier

@ Déplacer ce dossier

Copier ce dossier

@ Publier ce dossier sur e Web
@ Partager ce dossisr

() Envoyer les fichiers de ce
dossier par courrier
Electronique

x Supprimer ce dossier

Autres emplacements

3 BLE
£} Mes documents

|y Documnents parkagés
H Poste de kravail

W Favoris réseau

Détails

Temp_Lum_Demo_EXE

File Falder
Date de modification: April 25, 2013,
2147 PM
< | »
1 objet(s) sélectionné(s) j My Computer
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HOME |

It's in the

< |

Launch “Proximity Temp-Lumino Demo.exe” (on some systems you may need to launch using “run as

administrator”):

& Temp_Lum,_Demo_EXE

Fichier

Edition  Affichage

@Précédente - -\)

Description : ProximityDema Société : Mordic Semiconductor ASA Yersion du Fichier @ 1.0.0,0 Date de création : 04! 232 Ko

Insight SiP

Favaris

L} pRechercher Hj‘ Dossiers

APPLICATION NOTE
ISP120909

Outils 7

Gestion des fichiers

®li Renommer ce Fichier
a Deplacer ce fichier
Copier ce fichier

Adresse ) CiiusersiBLEYSensorsiTemp_Lum_Demo_EXE

v|OK

@ Publier c& Fichier sur e Web

(5) Ervoer ce fichisr par
courtier &lectranique

¥€ supprimer ce Fichier

Autres emplacements

) Sensors

[f:‘, Mes documents
[ Documents partagés
H Poste de travail

!Q Favoris réseau

Détails

Proximity Temp-Lumino
Demo.exe
Application

Date de modification: April 16,

2013, 11:01 AM
Taille : 232 Ko

A Mom o~

Aci.dl

emulatorlibs,dll
hci_coder,dll
hci_coder_net.dll
TronPython.di
IronPython.Modules. dil
|| TronPythan sl
Linkarm,di

E] g bk
MasterErmulatar, dil

2| MasterErnulator, xml
Micrasaft, Dynarnic, dil
Micrasaft, Dyvnarmic, xml

Microsaft, Scripting. dil

Microsaft, Scripting, Metadata,dil
= Microsoft, Scripting, Metadata,xml
2 Microsoft, Scripting. xml

Prairnity Temp-Luming Demao, pdb

EProximity Temp-Luming Dema, vshost, exe
Prozimity Temp-Lumino Demo,vshost, exe, manifest
ProximityDemo, vshost, exe. manifest

pvlibs.di

Seqqger.dil

Signalyzer.dl

Ulpbt i

UlpbtUtils,dI

: £ I

Taill=:

12 Ko
2,179 Ko
45 Ko
27 Ko
1,750 Ko
637 Ko
399 Ko
4,422 Ko
1Ko

38 Ko
77 Ko
1,020 Ko
360 Ko
141 Ko
91 Ko
17 Ko
201 Ko
233 Ko
S6 Ko

12 Ko
1Ko
1Ko
1,425 Ko
12 Ko

3 ko
200 Ko
26 Ko

Type

Application Extens
Application Extens
Application Extens
Application Extens
Application Extens
Application Extens
Daocument xML
Application Extens
Document bexte
Application Extens
Document =ML
Application Extens
Daocument xML
Application Extens
Application Extens
Document =ML
Document =ML
Application

Fichier PDE
Application

Fichier MAMIFEST
Fichier MARIFEST
Application Extens
Application Extens
Application Extens
Application Extens
Application Extens

>

H My Cornputer
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Insight SiIP APPLICATION NOTE
(s all i the package ISP120909

HOME| <<« |

One screen should open. On this screen, click on “Open”:

= Proximity Temp-Lumino Demo

i oosokev4 |7 Open |
Device name Proximi’ry App

Immediate alert level Off Low High Set

Link loss level Off  Low ' High Set

IntervalMs TimeoutMs Latency
100 | | e000 | | o | Set

7.5-4000 ms 3000 - 32000 ms 0-500 Range

Luminosity | ‘ Lux
Perfomn device discovery Tempera’rure | ‘ o

Connect

Connected: D

Reset Temperature Sensor with small reset button:

June 1, 2015 Page 18 -6 Document Ref: isp_ble_Catalog_R2.3.docx

Insight SiP — Green Side — 400 avenue Roumanille — BP 309 — 06906 Sophia-Antipolis Cedex — France — www.insightsip.com

The information contained in this document is the property of Insight SiP and should not be disclosed to any third party
without written permission. Specification subject to change without notice.




Insight SIP APPLICATION NOTE
(s all i the package ISP120909

HOME| <<« |

On Panel, click on “Perform Device Discovery”:

E: Proximity Temp-Lumino Demo

i oosoksvd v Open |
||

Device name Proximi’r}r App
Immediate alert level Off Low High Set
Link loss level Oft Low High Set
IntervalMs TimeoutMs Latency
100 | | eo00 | | o | Set
2.5-4000 ms 3000 - 32000 rms 0-500 Range
Luminosity ‘ ‘ Lux

’_ Perfom device discoverny ]

Temperature ‘ ‘ *C

[ Connect

Log

Setup: azzighed pipenumber 3 bype TRANSMIT

Setup: add zervice 0x1803 store REMOTE_STORE

Setup: add char def 02406

Setup: azzigned pipenumber 4 tppe TRANSMIT WwWITH_ACK,
Setup: add service 0x1802 store LOCAL_STORE

Setup: add char def Os2a08

Setup: assigned pipenumber 5 type RECENWVE

Run

[ >

<

Connected: D

June 1, 2015 Page 18 -7 Document Ref: isp_ble_Catalog_R2.3.docx

Insight SiP — Green Side — 400 avenue Roumanille — BP 309 — 06906 Sophia-Antipolis Cedex — France — www.insightsip.com

The information contained in this document is the property of Insight SiP and should not be disclosed to any third party
without written permission. Specification subject to change without notice.




Insight SIP APPLICATION NOTE
(s all i the package ISP120909

HOME| <<« |

“Temperature_x” should appear. If this fails, reset Temperature Sensor (to put into advertising mode)
and perform device discovery again.

Press on “Connect”:

< Proximity Temp-Lumino Demo

Pooosokevd  m e |

’ Device name Proximi’ry App

Immediate alert level Off Low High Set
Link loss level Off Low High Set
IntervalMs TimeoutMs Latency
100 | | 6000 | 0 | Set
7.5-4000 ms 3000- 32000 ms 0-500 Range
Luminosity | ‘ Lux
Perforn device discover
l' v | Temperature | ‘ C
[ Connect ,
Lag
Setup: add service 041803 store REMOTE_STORE |
Setup: add char def 0=2406
Setup: azzigned pipenumber 4 tppe TRAMSMIT WITH_ACK,
Setup: add zervice 01802 store LOCAL_STORE
Setup: add char def Ox2406
Setup: azsighed pipenumber 5 type RECEIVE .
Fun
Device discovery [

Connected: |:|
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Insight SiIP APPLICATION NOTE
(s all i the package ISP120909

HOME| <<« |

Display should change and be updated every Interval Connection (IntervalMs). Interval Connection is
adjustable between 7.5 to 4000 ms. Hereunder, Interval Connection is configured to 1000 ms:

E-'E Proximity Temp-Lumino Demo

| ooecksvd 7 |

Device name Proximity App

Temperature_3

Immediate alert level © Off O Low O High Set

Link loss level @ Off O Low O High Set

IntervalMs TimeoutMs Latency
1000 6000 0O Set
72.5-4000 ms 3000 - 32000 ms 0-500 Range

[ Perfom device discovery ]

Temperature | 29.3125 ‘ 'C

I Dizcontect ]

Log

Received AttH andley alueM otification on pipe number 2 with value 1050
Received Temperature Sensor Yalue update notification: 293125
Received AttH andle alueM otification on pipe number 2 with value 1050
Received Temperature Sensor Yalue update notification; 29,3125
Received AttH andlel alueM atification on pipe number 2 with value 1050
Received Temperature Sensor Yalue update notification; 29,3125
Received AttHandle' alueMotification on pipe number 2 with value 1050
Received Temperature Sensor Yalue update notification; 29,3125

23

<

Connected:
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Insight SiIP APPLICATION NOTE
(s all i the package ISP120909

HOME| <<« |

To change Interval Connection to 4000 ms for example, write 4000 in tab “IntervalMs” (step 1), then click
on “Set” (step 2). Then click successively on “Disconnect” and “Connect” (step 3):

EE Proximity Temp-Lumino Demo

Poooeckevd 7 |

Device name Proximﬂy App

Temperature_3

Immediate alert level @ Off O Low O High Set

Link loss level @ Off O Low O High Set

IntervalMs TimeoutMs Latency
4000 -+ 6000 0 | Set e

2.5-4000 ms 3000- 32000 ms 0-500 Range

[ Ferfom device discoverny

Temperature ‘ 28.875 ‘ *C

3
I Disconnect | St

Lag

Received AktH andle alueM otification on pipe number 2 with value TES0D
Received Temperature Sensar Y alue update natification: 30.5
Received AttH andle alueM otification on pipe number 2 with walue TCCO
Received Temperature Senzor Yalue update notification: 28.75
Received AttH andle alueM otification on pipe umber 2 with value TEAD
Received Temperature Senzor Value update notification: 30,625
Received AttHandlew alueM otification on pipe number 2 with value TCED
Received Temperature Senzor Value update notification: 23.875

>

£

Connected:
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Ins|qht S|P APPLICATION NOTE
It's all in the package ISP1 20909

Stop Software

To switch off PC program, click on top Right Corner of the window.

To switch off Temperature Sensor, remove battery as shown below:

June 1, 2015
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|ns|qht S|P APPLICATION NOTE
It's all in the package ISP1 20909
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Insight SiP

It's in the

BLE SENSOR
ISP120911

HOME| <<« |

ISP120911

Bluetooth Low Energy Wireless

Light Detection
Sensor

>
y 0
o o
N
A
ml
-
oo
@ o
)
o

Key Features

Applications

#+ Single Mode BLE v4.0 Slave Module
4+ Based on Nordic Semiconductor uBlue family
<+ Includes transceiver, baseband, software stack
<+ Fully integrated RF matching and Antenna
4+ Integrated 16 MHz Crystal Clock
<+ Ultra Low Power Consumption.
Coin cell battery CR1632 or CR1620
4+ Low Power Digital Light Sensor
+ Ultra Low Power Application Processor
<+ 16 MHz Crystal Clock for Application Processor
4 32.768 kHz Crystal for BLE Protocol Sync.

+ Home light monitoring sensors
<+ Small business light monitoring sensors
< Out of Range (OOR) sensors

General Description

ISP120911 is an autonomous low-power device for
wireless light detection and transmission. The
complete device makes use of Insight SiP
ISP091201 BLE module together with low power
host processor, digital temperature sensor and

<4+ Overall Size 18 x 29 x 6 mm

small primary button cell battery CR1632 or lower
+ Temperature -40 to 85 °C

capacity CR1620. Overall size of the device is
18x29x6 mm.

The host processor that handles the autonomous
sensor application, the high level portion of the BLE
protocol stack and communication with the
light sensor is a low power 32-bit MCU (ARM
Cortex-MO based), the NXP LPC1114FHI33/302,
integrating 56kB flash memory and 8kB SRAM.

The Avago APDS-9300, a digital light detection
sensor is used to detect ambient light transmitted
via the 12C bus. Each APDS-9300 consists of one
broadband photodiode (visible plus infrared) and
one infrared photodiode. Two integrated ADSs
convert the photodiode currents to a digital output

Configurable
/0
system Custom Low

Power

“ Micro-

P14 controller

P2 +

RF 32 kHz X0 Flash

Test Memory

2.4GHz Network Antenna
Transceiver

Ultra low
RF RE
BOMEN Matching

Management decoupling

Advanced Power
Power Supply
16 MHz X0

il
32 kHz Xtal
11
Flash
Programming
Interface and
external

LowP! CR1632
ow Power Light

Micro-Controller 12C APDS-9300
LPC1114FHI33/302

or CR1620
Button

By that represents the irradiance measured on each
channel. This digital output is addressed to the NXP
application processor where illuminance

(ambient light level) in lux is derived using an empirical formula to approximate the human-eye response.

power

1SP120911

An interface board, ISP120907 is available from Insight SIP and allows for easy flash programming the
LPC1114FHI33/302 application processor via the 14 pin FPC connector. During firmware modification and
debug, the ISP120901 device may be supplied via the DC voltage from the 1ISP120907 interface board.
An optional UART interface (TP1+TP2) with direct connection to the nRF8001 uBlue is available for BLE
radio testing as specified by the Bluetooth standard.
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1. Electrical Specifications

Current Consumption

The measured total average current consumption and autonomy of the 1ISP120911 light sensor node
supplied by a CR1632 battery for several connection intervals is shown below.

Connection Interval Average Current Consumption Autonomy
(ms) (HA) (year)
1000 67.8 0.24
2000 40.3 0.40
3000 311 0.51
4000 26.5 0.60

Sensor Performance

The performance of the light sensor is that obtained by the Avago APDS-9300. Key characteristics are
shown below:

Parameter Value ‘ Unit

Light range Dark to bright sun

Resolution 16 bits
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Insight SiP BLE SENSOR
e ISP120911

HOME| <« |

2. RF Performances

RF Specifications according to standards

The performance of the Bluetooth Low Energy Radio link is that obtained by the ISP091201 module.
Temperature range -40°C to +85°C.

BT V4 o
Parameter std limit Condition
Output Power -0.9 -20to 10 dBm Channels 0 to 39
RF Frequency tolerance BetJtith(;\an +/- 50 Hz Channel 0 to 39
I Level for BER
RXx sensitivity -87 -70 dBm <0.1% ideal Tx
Open field at 1m
Max range > 20 m height
EIRP 0.3 dBm
Antenna Gain 1.2 dBi
Rx sensitivity 56.8 dBuv/im
3. Mechanical Outlines
. . . 18.0 mm 6.0 mm
Dimensional drawing < = E——
A T [
ol |
£ 7" - . ||
. 2= T
& = 8
- oo
D oo
DDDDD [ mlm! —
° il 1
[ |
i L
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nsight SIP APPLICATION NOTE
(s all i the package ISP120911

HOME| <<« |

AN130405
Luminosity Sensor Demonstration

Introduction

This application note describes the PC software setup to use the ISP120911 luminosity demonstration
program. The demonstration requires a ISP120911 Luminosity Sensor with a CR1632 battery, a
Windows PC running XP, Vista or Windows 7, a Nordic Semiconductor Master Emulator nRF2739
(delivered with uBlue SDK) and appropriate software from Insight SiP.

The note describes the software installation procedure and the operating mode.

Software Installation

In order for the demonstration to operate the following software packages need to be installed on the PC:
<+ Microsoft .NET framework 4

<+ Nordic Semiconductor nRF8001 SDK v1.7 (for Master Emulator USB drivers)

4+ Luminosity Demo folder from Insight SIP with executable file and dll files

Microsoft .NET framework 4 Re-distribuable package

This can be downloaded from Microsoft at the following address http://www.microsoft.com/en-
us/download/details.aspx?id=17718. To install this package follow the instructions on the Microsoft
website.

Nordic Semiconductor nRF8001 SDK v1.7

Run the nRF8001 SDK so as to be able to use the Master Emulator (USB drivers).

Luminosity Demo Folder

The Temp_Lum_Demo_EXE.zip file should be unzipped at any suitable location on the PC. This
contains the executable file and all the dll files necessary for the demonstration to run.

June 1, 2015 Page 20 -1 Document Ref: isp_ble_Catalog_R2.3.docx Ii|:|'- -| ]

Insight SiP — Green Side — 400 avenue Roumanille — BP 309 — 06906 Sophia-Antipolis Cedex — France — www.insightsip.com & o

The information contained in this document is the property of Insight SiP and should not be disclosed to any third party ' Fr bl s
without written permission. Specification subject to change without notice.


http://www.microsoft.com/en-us/download/details.aspx?id=17718
http://www.microsoft.com/en-us/download/details.aspx?id=17718

nsight SiP

It's in the

HOME |

< |

The directory should be as shown below:

APPLICATION NOTE
ISP120911

Mam =~
aci.dl
emulatorlibs. dll
hei_coder. dll
hei_coder_net.dl
IronPython, dil
TronPython, Modules. dl
= IronPython, xml
Linkarm,di
[Z] log.txt
MasterEmulator . dil
= MasterErmulator  xml
Microsoft, Dynamic, dil
= Microsaft, Dynarnic, <ml
Microsoft, Scripting. dil
Microsoft, Scripting. Metadata, dil
= Microsoft, Scripting. Metadata, xml
= Microsoft, Scripting, =ml
%Proximitv Termp-Luming Demno,exe
Proimity Temp-Lumino Demo.pdb
ﬁProximitv Temp-Lumino Demo.vshost,exe
Proimity Temp-Lumino Dema.wshost, exe.manifest
ProximityDemo, vshost, exe, manifest
pylibs. i
Seqgger.dll
Signalyzer,dil
Ulpbt. dil
UlpbtUtis, i

Taille:

12 Ko
2,179 Ko
45 Ko

27 Ko
1,750 Ko
637 Ko
399 Ko
4,422 Ko
1Ko

38 Ko

77 Ko
1,020 Ko
360 Ko
141 Ko
91 Ko
17 Ko
201 Ko
233 Ko
56 Ko

12 Ko

1 ko
1Ko
1,425 Ko
12 Ko

31 Ko
200 Ko
26 Ko

Type

Application Extension
Application Extension
Application Extension
Application Extension
Application Extension
Application Extension
Document =ML
Application Extension
Document texte
Application Extension
Dacument #ML
Application Extension
Dacument =ML
Application Extension
Application Extension
Dacument #ML
Document =ML
Application

Fichiet PDE
Application

Fichier MAMIFEST
Fichier MAMIFEST
Application Extension
Application Extension
Application Extension
Application Extension
Application Extension

Date de modification
0928(2012 2:31 PM
0972812012 2:31 FM
0928(2012 2:31 PM
0972812012 Z2:31 FM
09/28/2012 2:29 FM
09f28(2012 2:29 PM
09/Z812012 Z:29 FM
0928(2012 2:30 PM
Q0ZM0712013 1:38 AM
09/28/2012 2:31 PM
0928(2012 2:31 PM
09/Z812012 Z:29 FM
09/28/2012 2:29 FM
09/Z812012 Z:29 FM
09/28/2012 2:29 FM
09f28(2012 2:29 PM
09/Z812012 Z:29 FM
04/16/2013 11:01 AM
04/16/2013 11:01 AM
04/16J2013 11:02 AM
03/17(2010 10:39 PM
Q3172010 10:39 FM
09/28/2012 2:31 PM
0928(2012 2:31 PM
0972812012 2:31 FM
0928(2012 2:31 PM
0972812012 Z2:31 FM

Hardware Setup

Master Emulator

Connect the nRF2739 Master Emulator to the PC and check to ensure that the USB drivers are correctly

installed.

This can be checked on the Control Panel Device Manager under USB Controllers:

USB Serial Converter A
USB Serial Converter B
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Insight SIP APPLICATION NOTE
(s all i the package ISP120911

HOME| <<« |

Should both be installed see below for details:

Device Manager Serial Converter A Properties

Flle  Action  Wiew Help
- = &g 2

USE Serial Converter &
## Processors %"
@%l SC5I and RAID caontrollers

-@5- Sound, video and game controllers

“=g» Storage volumes
Swstem devices Driver D ate: a8s201m

| General || Advanced| Diriver | Details|

Driver Pravider: MNORDICSEMI

. niversal Serial Bus contrallers D i S 28140

&= Generic USB Hub

= Intel(R) 828016 (ICH7 Family) USE Universal Host Controller - 278 Digital Signer: Maot digitally signed

o Inkel(R) 828016 (ICH7 Family) USE Universal Host Controller - 27C9
¢ Intel(R) 82801G (ICH7 Family) USE Universal Host Cantroller - 27CA = =

s Inkel(R) 82801 (ICHF Family) USE Universal Host Contraller - 276 To view details about the driver files.

¢ Inkel(R) 828013 (ICH? Family) USEZ2 Enhanced Host Controller - 27C

# LISE Composite Device

¢ LISE Mass Storage Device

¢ LISE Rook Hub

¢ LUSE Foot Hub Fioll Back, Diriver If the device fails: after _upclating tlje driver, rall

=+ LISB Root Hub back to the previously installed driver.

= LUSE Rook Hub

# 1USE Roat Hub Uninztal To uninstall the driver [&dvanced).

# LISE Serial Converter A

= 1JSE Serial Converter B

Update Diriver... To update the driver for this device.

[ Ok ][ Cancel ] Help

Device Manager |§ USB Serial Converter B Properties
Fie  Acion View Hep General | Advanced | Diver | Detais|
- = &g ® =ma
oy w— — 3‘@ & USB Serial Corverter B
c%- SCST and RAID controllers 1
Sound, video and game controllers Diviver Pravider: NORDICSEMI
Storage valumes
System devices Driver Date: 3Aa/2011
Universal Serial Bus controllers Dieere siony 28140
Generic LISE Hub
Digital Signer: Mot digitally signed

Inkel{R) 82801G {ICH? Family) USE Universal Host Cantraller - 27C8
InkelfR) 82801G (ICH7 Family) USE Universal Host Controller - 27C9
Intel{R) 82501G (ICH7 Family) USE Universal Host Controller - 27C4 5 5

Tntel(R) 828016 (ICH? Family) USE Universal Host Controller - 27CE o flop=ridelaibiaboutlibeldbe ey
InkeliR) 82501G (ICH? Family) USB2 Enhanced Host Controller - 27CC

U3E Composite Dewce. Update Driver... To update the driver for this device.

USE Mass Starage Device

USE Root Hub =

USE Root Hub Froll Back Diiver If the device failz after updating the driver, roll
\USE Raot Hub back to the previously installed driver.

USE Root Hub

USE Rook Hub To uninstall the driver [Advanced).

USE Serial Convverter &
USE Serial Converter B

£

June 1, 2015 Page 20 -3 Document Ref: isp_ble_Catalog_R2.3.docx

Insight SiP — Green Side — 400 avenue Roumanille — BP 309 — 06906 Sophia-Antipolis Cedex — France — www.insightsip.com
The information contained in this document is the property of Insight SiP and should not be disclosed to any third party
without written permission. Specification subject to change without notice.




nsight SIP APPLICATION NOTE
(s all i the package ISP120911

HOME| <<« |

Connect Battery to ISP120911 Luminosity Sensor as shown below:

Battery CR1632 POS Terminal UP Battery CR1632 Fully Installed

Run Software

Navigate to the “Temp_Lum_Demo_EXE” folder:

& Sensors |:| |E| IXI
Fichier ~ Edition  Affichage  Faworis  Outils ¥ a.

@Précédente - -\_J l.@ pRechercher H._f Dossiers v

Adresse || 2) Clusers\BLE|Sensars V| Ok
Mom = Taille = Type
Gestion des fichiers | Accelero_Demo_EXE File Folder

X i Temp_Lumn_Demo_EAE File Folder
Iﬂ Renomrmer ce dossier

[ Déplacer ce dossier

Copier ce dossier

@ Publier ce dossier sur le Web
@ Partager ce dossier

() Envioyer les fichisrs de ce
dossier par courrier
électronique

x Supprimer ce dossier

Autres emplacements

3 BLE
(5 Mes documents

|3 Documents partagés
Q Poste de travail

W Favoris réseau

Détails

Temp_Lum_Demo_EXE

File Folder
Date de modification: April 25, 2013,
2147 PM
< | b
1 objet(s) sélectionnéls) & My Comnplker
I [=]
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APPLICATION NOTE
ISP120911

Insight SiP

It's in the

HOME| <<« |

Launch “Proximity Temp-Lumino Demo.exe” (on some systems you may need to launch using “run as
administrator”):

& Temp_L um_Demo_EXE i=11t3
Fichier  Edition  Affichage  Faworis  Outils 7 ?
e Précédente - -J L@ p Rechercher [E:’ Dossiers -
adresse | CiiusersiBLEYSensorsiTemp_Lum_Demo_EXE hd | Ck

A Mom - Talle  Type
Gestion des fichiers aci.dll 12 Ko Application Extens|
@ Py o (i emulatorlibs.dil 2,179 Ko Application Extens
- ) o hici_cader.dll 45 Ko Application Extens|
@ Déplacer ce fichier hici_coder_net.dll 27 Ko Application Extens|
Copier ce fichier IronPwthon.dll 1,750 Ko Application Extens
@ Publier ce Fichier sur le \Web IronPython,Modules. dll 637 Ko Application Extens|
Ej Envoyer ce Fichier par = TronPythan,sml 399 Ko Document =ML
courrier electronique JLinkArm, dil 4,422 Ko Application Extens|
x Supprimer ce Fichier = log.kxt 1Ko Docurnent besxte
MasterErulator, dll 35 Ko Application Extens|
|| MasterEmulakor  :ml 77 Ko Dooument 5ML
Autres emplacements Microsaft, Dyvnamic, dil 1,020 Ko Application Extens
o S = Microsoft, Crenarnic, xml 360 Ko Document =ML
= Microsoft, Scripting. dil 141 Ko Application Extens
[E:' Mes documents Micrasaft, Scripting. Metadata.dil 91 Ko Application Extens|
[(3) Documents partagés | Microsoft, Scripting, Metadata,xml 17 Ko Dacument XML
H Poste de travail || Microsoft, Scripting, xml 201 Ko Document XML
H Eavaris réseau 5 mp-Lumino Dy 233 Ko Application
Proximity Temp-Lumino Demo, pdb 56 Ko Fichier PDB
EProximity Temp-Lumino Demo, vshost, exe 12 Ko  Application
Détails Praocirniby Temp-Luming Dema,vshost, exe. manifest 1 Ko Fichier MANIFEST
ProximityDema, vshast, exe. manifest 1Ko Fichier MANIFEST
Proximity Temp-Lumino pylibs.dll 1,425 Ko Application Extens
E;;Inic:-t?:ne Seqger.di 12 Ko Application Extens
o . Signialyzer.dil 31 Ko Application Extens
gﬂaieajdlelr?;i:hgﬁqatlon: Aorl 16, Ulpbt.dil 200 Ko Application Extens|
Tails : 232 Ko UlpbtUtils. dll 26 Ko Application Extens|
v € 1 | >
Description : ProximityDemo Société : Mordic Semiconductor ASA Yersion du Fichier : 1.0,0,0 Date de création : 04/ 232 Ko j My Computer
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nsight SiP APPLICATION NOTE
(s all i the package ISP120911

HOME| <<« |

One screen should open. On this screen, click on “Open”:

= Proximity. Temp-Lumino Demo

i oosokev4 |z Open |

Device name Proximi’ry App
Immediate alert level Off Low High Set
Link loss level Off  Low ' High Set
IntervalMs TimeoutMs Latency
100 | | e000 | | o | Set
7.5-4000 ms 3000 - 32000 ms 0-500 Range
Luminosity | | Lux
Perfomn device discovery Tempera’rure | ‘ o

Connect

Connected: D

Reset Luminosity Sensor with small reset button:
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nsight SiP APPLICATION NOTE
(s all i the package ISP120911

HOME| <<« |

On Panel, click on “Perform Device Discovery”:

E: Proximity Temp-Lumino Demo

i oosoksvd v Open |
||

Device name Proximi’r}r App
Immediate alert level Off Low High Set
Link loss level Oft Low High Set
IntervalMs TimeoutMs Latency
100 | | eo00 | | o | Set
2.5-4000 ms 3000 - 32000 rms 0-500 Range
Luminosity ‘ ‘ Lux

’_ Perfom device discoverny ]

Temperature ‘ ‘ *C

[ Connect

Log

Setup: azzighed pipenumber 3 bype TRANSMIT

Setup: add zervice 0x1803 store REMOTE_STORE

Setup: add char def 02406

Setup: azzigned pipenumber 4 tppe TRANSMIT WwWITH_ACK,
Setup: add service 0x1802 store LOCAL_STORE

Setup: add char def Os2a08

Setup: assigned pipenumber 5 type RECENWVE

Run

[ >

<

Connected: D
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nsight SiP

It's in the

APPLICATION NOTE

ISP120911

HOME |

< |

“Luminosity_x” should appear. If this fails, reset Luminosity Sensor (to put into advertising mode) and

perform device discovery again.

Press on “Connect”:

= Proximity Temp-Lumino Demo

Poooeckavd  p oo |

’ Device name Proximity App

Link loss level

Immediate alert level

Off Low High Set

Off Low High Set

IntervalMs TimeoutMs Latency
100 | s000 | 0 | Set
72.5-4000 ms 3000- 32000 ms 0-500 Range
Luminosity ‘ Lux
Perforn device discoven
L v | Temperature ‘ *C
[ Connect y
Log
Setup: add service 041803 store REMOTE_STORE e
Setup: add char def 0=2A06
Setup: azzigned pipenumber 4 tope TRAMSMIT wITH_ACK,
Setup: add service 041802 store LOCAL_STORE
Setup: add char def 0=2A06
Setup: azzigned pipenumber 5 tupe RECENVE =
Fiun
Device discavery =

Connecked: D

e [=]f
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nsight SIP APPLICATION NOTE
(s all i the package ISP120911

HOME| <<« |

Display should change and be updated every Interval Connection (IntervalMs). Interval Connection is
adjustable between 7.5 to 4000 ms. Hereunder, Interval Connection is configured to 1000 ms:

._u Prummlty Temp-Lumino Demo

i oosokev4 v |

Device name Proximiiy App

Immediate alert level © Off O Low O High Set

Link loss level @ Off O Low O High Set
IntervalMs TimeoutMs Latency
1000 =~ 6000 0 Set
7.5 -4000 ms 3000 - 32000 ms 0-500 Range
Luminosity | 1794744  Lux

’ Ferfom device discoverny ] ‘

I Dizconnect ]

Log

Received AttH andle alueM atification on pipe number 2 with value EGODTA04
Received Luminogity Senzoralue update notification; 1793232

Received AttH andle alueM atification on pipe number 2 with value EGODTA04
Received Luminogty SenzorValue update notification; 1793232

Received AttH andlet alueM otification on pipe number 2 with value E3007904
Received Luminozsity Senzor Walue update notification: 173424

Received AttH andlet alueM otification on pipe number 2 with value 3007904
Received Luminozity Senzar v alue update notification: 1734744

|

<

Connected:
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To change Interval Connection to 4000 ms for example, write 4000 in tab “IntervalMs” (step 1), then click
on “Set” (step 2). Then click successively on “Disconnect” and “Connect” (step 3):

_g Prnmmlty Temp-Lumino Demo

| ooecksvs  x |

Device name Proximity App

Immediate alert level © Off O Low O High Set

Link loss level @ Off O Low O High Set
IntervalMs TimeoutMs Latency
4000 <~ 6000 0 Set  cmnn
7.5-4000 ms 3000 - 32000 rms 0-500 Range
Luminosity ~ 1818.432  Lux

’ Perfarn device discoven ‘

I Dizconnect oz 2

Log

Feceived AttH andle alueM atification an pipe number 2 with value 100E 2704
Received Luminogty Sengzor W alue update nobification; 1814.4

Received AttH andle alueM atification on pipe number 2 with value 120E 2804
Received Luminogity SenzorWalue update notification; 1815408

Received AttH andle alueM atification on pipe number 2 with value 130E 2804
Received Luminogty SenzorValue update notification; 1815912

Received AktH andlet alueM otification on pipe number 2 with value 180E 2404
Received Luminozity Senzar v alue update notification: 1818 432

|

<

Connected:
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Stop Software

To switch off PC program, click on top Right Corner of the window.

To switch off Luminosity Sensor, remove battery as shown below:
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1. Introduction

1.1 Scope

This application note describes the performance of three different Bluetooth Smart© sensor nodes,
especially the low-power hardware/software platform design. The design of these sensor nodes contain a
low power System-in-Package (SiP) module “ISP091201” which integrates both a miniature Antenna-in-
Package (AiP), and all the electronic components (transceiver, quartz, SMT components) to ensure RF
communication at 2.4 GHz. The node also contains a low power sensing device and the low power host
microprocessor LPC1114FHI33/302 from NXP.

The resulting sensor node with 3V coin cell battery CR1632 has overall PCB dimensions of 18 x 29 x 6
mm that make it ideally suited to highly space constrained applications. Different sensor nodes can be
implemented using the same PCB with minor modifications related to the sensor.

The first sensor device is ISP120909A Bluetooth Low Energy (BLE) Wireless Temperature Detection
Sensor, using TMP112 from Texas Instruments. The second one is ISP120911A Bluetooth Low Energy
Wireless Light Detection Sensor, using APDS-9300 from Avago Technologies. The last one is
ISP120901A Bluetooth Low Energy Wireless Orientation/Motion Detection Sensor, using MMA7660FC
from Freescale Semiconductor.

The Bluetooth Smart© sensor nodes described herein are slave devices may be used in a wireless sensor
network, to capture environmental information and send it back to a base station (Master).

1.2 Bluetooth Low Energy Wireless sensor nodes
The design of Bluetooth Smart© sensor nodes contain low power System-in-Package (SiP) module

“ISP091201”, the low power host microprocessor LPC1114FHI33/302 (NXP) and low power sensing
device, as presented in Figure 1.

SPI Interface

Low Power Low Power
Sensor uProcessor

Coincell
battery
CR1632

Ible

Figure 1: Schema Block of Bluetooth Smart© sensor modules
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The microprocessor uses the SPI interface to communicate with the BLE and the 12C interface to
communicate with the used sensing device. The specifications of these nodes depend on the used sensing
device, as presented in Table 1.

Module  Parameter Value Unit
Power supply 3 V
Coin cell Battery CR1632
Connection Interval 7.5 to 4000 ms
PCB dimensions 18 x29x6 mm
Accuracy +/- 0.0625 °C

Temperature Detection Temperature range -40 to +125 °C
Resolution 12 bits

. . Light range Dark to bright sun Lux
Light Detection Resolution 16 bits
. . . . Number of axes 3
Orientation/Motion Detection Acceleration range .15 9 (9.81m/s?)

Table 1: specifications of the three Bluetooth Smart© sensor modules

2. Current Consumption Methods

2.1 Generalities

In this paragraph, we present the current drain over time for the three subsets of Bluetooth Smart© sensor
node: module “ISP091201”, microprocessor “LPC1114FHI33/302” and sensing device (temperature, light
and orientation/motion).

The functioning of these Bluetooth Smart© sensor nodes can be separated in two phases:

o Phase 1: phase of slave-master communication or connection phase: in this phase, the BLE module
communicates with the master to send the measurements read by the sensing devices and sent to
BLE module by the microprocessor. Thus, the BLE module, the microprocessor and sensing device
are active and consume the maximum of current.

o Phase 2: Standby (Sleep) phase: in this phase, there is no communication between the BLE module
and the master. Thus, the BLE module and the microprocessor are in Standby mode.

Figure 2 illustrates the two functioning phases of the Bluetooth Smart© temperature node. The
measurements presented in Figure 2 are realized by the oscilloscope.
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Tek Sl Tria'd b Pos; —1.000ms TRIGGER
+

Type

Source
CH1

Slope

—_ hode

\_Y_}
Auto
-

Coupling
CH1 200y M 25.0ms % 144my
26-Apr-13 21:57

Figure 2: Functioning phases of the Bluetooth Smart© sensor nodes

We present next, the current consumption of the three subsets of Bluetooth Smart© sensor node: module
BLE, microprocessor and sensing device (temperature, light and orientation/motion) according to their
data sheets. Then, we present two measurement methods of current consumption to each subset and/or
total current consumption.

2.1.1 BLE module, Microprocessor and Sensing device current consumption

Figure 3, illustrates the principle of current drain profile for a typical Bluetooth low energy (BLE) module
“ISP091201” that is connected (Figure 3-a). It illustrates also the principle of current drain profile for the
microprocessor LPC1114FHI33/302 (Figure 3-b) and for the sensing device (Figure 3-c).

For the BLE module, each connection event consists of the following states and operations (different
periods related to each connection event), as presented in Figure 3-a. The current consumption profile is
related to each state and operation. The numbers and related currents below correspond to that displayed
in Figure 3:

: Radio pre-processing period (Imcu_ 1. and lstandby),

: Active radio receive time (Irx),

: Radio Inter frame Space (Ites),

: Active transmit time (lrx),

: Link layer post processing period (Imcu 1),

: Data post processing period, enabled only if data has been received (Iucu_HosT).

e o o o o o
OOk, WN PP
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Standby | ) | V44
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Figure 3: Current consumption over time for a typical module ISP091201(a),
microprocessor “LPC1114FHI33/302” (b) and for sensing device (c)

The values of static current consumption of BLE module “ISP091201” for its different states and operations
in each connection event are defined in Table 2.

Parameter (condition)

Irx Peak current, receiver active 14.6 mA
Ix Peak current, transmitter active 12.7 mA
ITrs Peak current when switching between Receive and transmit 7 mA
IMcu_HosT Peak current for host processing 5 mA
Imcu_tLL Peak current for LL processing 3.5 mA
I standby Standby current 1.6 mA
lidle Current drain between connection/advertising events 2 UA
ACl=active mode, 32kHz Osc active

Table 2: Current consumption static values of BLE module
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For the microprocessor LPC1114FHI33/302, each connection event consists of three states and periods,
as presented in Figure 3-b:

o 1 M : Read period (12C communication with sensing device to read measurements),
2_M : Waiting time (related to post-processing period),
o 3_M: Send period (SPI communication with the BLE to send the measurements).

For certain sensing devices and depending to the application, the order of these three states can changed,
or the 2_M state can be not used to reduce the microprocessor current consumption.

The values of current consumption of microprocessor LPC1114FHI33/302 for its different states and
operations in each connection event are defined in Table 3.

Symbol Parameter (condition) | Nom Unit

lon Current of active mode 3t04 mA

Isieep Current of Sleep mode 2 mA
All the clocks are active

Ideep-sleep Current of Deep-Sleep mode 6 uA
All the clocks are turned off

Table 3: Current consumption values of microprocessor LPC1114FHI33/302

Finaly, for the sensing device, each connection event consists of two states and periods, as presented in
Figure 3-c:

o Istandby : Standby period current,
lon: Active period current (1I2C communication with microprocessor + conversion time).

The used sensing devices are: temperature sensor “TMP112”, light sensor “APDS-9300” and
orientation/motion sensor “MMA7660FC”. The values of current consumption of these three sensing
devices in each connection event are defined in Table 4.

Temp sensor TMP112 — Symbol Nom Unit
lon 40 UuA
|Standby 2.2 UA
Light sensor APDS — Symbol Nom Unit
lon 0.24 mA
|Standby 3.2 UA
Orientation/Motion sensor MMA7660FC — Symbol

lon 0.047 to 0.294 mA

Depending on Sampling Rate

|Standby 2 UuA

Table 4: Current consumption values of temperature, light and orientation/motion sensors
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2.1.2 Power management and optimization of current consumption

The power management consists to minimize the current consumption of the three subsets BLE,
microprocessor and sensor in the two phases of operation.

For the first phase, where the BLE, microprocessor and sensing device are active, we must choose the
operation parameters of the three subsets that reduce the current consumption to the minimum. We must
therefore manage the time and the level of current consumption while maintaining the proper functioning
according to the intended application.

For the second phase, where the subsets are in Standby (Sleep) mode, it is to operate the BLE and the
microprocessor in Sleep mode and deactivate the sensing device. The goal is to reduce the total current
consumption during this long phase to near zero.

It is important to know that the total current consumption depend on the data size to be read by the sensing
device and to be send by the microprocessor (after 12C communication) to BLE module using SPI
interface, then the BLE module will send these data to Master using BLE wireless connection.

In fact, the total current consumption depends on the type and the number of used services defined in
Bluetooth Low Energy protocol for a given application. The transmitted data between the microprocessor
and the BLE module are managed by these services. Thus, the number of defined services and the data
size of each service will define Data Layer post-processing period, together with the TX time and,
consequently, the level of current consumption.

For example, for the temperature node, we have defined just one service with data size of 2 bytes which
are the temperature measurements. While for the light node, we have defined just one service with data
size of 4 bytes, which will lead to more current consumption. Clearly, larger the data size to be transmitted,
greater Data Layer post-processing period and the lon time of both microprocessor and sensing device,
greater the level of current consumption by consequence.

In the next paragraph, we present two complementary methods for current consumption measurements.
The first one using oscilloscope to measure the current consumption of BLE module and microprocessor
during the connection phase (Phase 1), where the consumption is maximum. The sensing device
consumption is very weak (of the order of a few uA), we will see that this measurement method using just
the oscilloscope is not suitable for measuring low currents. Thus, we have developed another method,
based on the principle of charging and discharging a capacitor to measure the total current consumption,
including low-consumption sensing device. In addition, this method can measure the total consumption
during the Standby-sleep phase (Phase 2), where current consumption of each subset is very weak.

2.2 Oscilloscope measurement method

Oscilloscope measurement method is a simple one, based on fact to connect a low-value resistor
(0.5 Ohm) to the power feed of each subset BLE, microprocessor and sensing device, as presented in
Figure 4. These resistors have been integrated into the wireless miniature nodes. Voltages at each end of
the resistance are returned to a measurement board by means of FPC cable for this purpose.
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VA -App
RO201_T
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R=0.5 Ohm
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o YV
RO201_T
RE
R=0.5 Ohm

Figure 4: Electric Schema of current measurement for oscilloscope measurement method
On the measurement board, an INA195 amplifier (Texas Instruments) with gain 100 is used to amplify the
differential voltage across the ends of each resistor. So by measuring the voltage at the output of each

INA195, we measure the current consumption (7 = V /0.5) of each subset, then the total current
consumption. The high gain of the INA195 allows us to measure relatively low currents.

2.2.1 Temperature sensor node

Figure 5 illustrates the two functioning phases of BLE module and microprocessor measured by
oscilloscope method for temperature sensor node.

Tek M Trig*d t Pos: 2,360ms CH1
+*
Coupling
B Limnit

i j | m

o I —— " [P P | 200rHz
%/—/

" '

Probe
108

Yoltage

Irvert

0ff
Phase 1 o nomy M 25.0ms CHT 7 462m

CHA 200mY  25-Apr-13 23:52 10,0001Hz

a
2

Figure 5: Temperature sensor node: two functioning phases of
BLE module and microprocessor, as measured by oscilloscope method

To measure the current consumption of BLE module and microprocessor during phase 1, simply measure

the voltage and duration of each segment of consumption displayed on the oscilloscope, as presented in
Figure 6.
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Figure 6: Temperature sensor node: current consumption measurements of BLE module, microprocessor and
sensing device, as measured by oscilloscope method

For the microprocessor current consumption measurements in temperature sensor node, we have three
consumption segments (0.7 ms, 1.7ms and 1.2 ms), as presented in Figure 6. The corresponding current
and charge consumption values in these three segments is presented in Table 5. These three segments
correspond to events presented in Table 3. The current and charge consumption calculations associated
with each segment are based on the following two equations:

Vosc/ Vosc/
V,
— 100 100 OSC,Q=IXT
R 0.5 50

Temperature sensor node: Microprocessor LPC1114 Consumption

Time Voltage Current Charge
(ms) (mV) (mA) (LC)
lon (Read) 0.7 170 3.4 2.38
lseep (Wall) 17 100 2.0 3.40
lon (Data send 1.2 170 3.4 4.08

Total | 3.6

Table 5: Temperature sensor node: current and charge consumption measurements
of microprocessor, as measured by oscilloscope method

Similarly, to measure the BLE module current consumption in temperature sensor node, we have 6
consumption segments. These 6 segments correspond to events presented in Table 2.

Table 6, presents the corresponding current and charge consumption values of BLE module, as measured
by oscilloscope method using the two precedent equations. BLE module current consumption
measurements are consistent with the values given by the software provided by Nordic Semiconductor
(nRFgo Studio). In this software, depending on the type and the number of defined services and depending
on the measurement time (Connection Interval), we can estimate the current consumption of BLE module.
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Temperature sensor node: BLE module Consumption

Time Voltage Current

(ms) (mV) (MA)
Imcu_LL 1.14 230 4.60 5.24
IStandby 1.20 136 2.72 3.26
Irx 0.24 660 13.20 3.17
Ites 0.10 480 9.60 0.96
Irx 0.25 560 11.20 2.80
Imcu HosT 3.64 260 5.20 18.93

Total | 6.57 34.36

Table 6: Temperature sensor node: current and charge consumption measurements
of BLE module, as measured by oscilloscope method

For Temperature sensor node, for example, if we define just one service with data size of 2 bytes and for
connection interval of one second, the estimated current consumption is about 35.04 YA, as presented in
Figure 7. This is consistent with our measurements presented in Table 6, where the measured charge is
34.36 uC, thus:

_ Qmeasurea 3436 uC  34.36 uC

Imeasured -
At Tperiod 1s

The measurement time (Connection Interval) of one second corresponds to parameter Tperiod iN Figure 3,
which is the sum of Phase 1 time and Phase 2 time. If we consider that the current consumption of BLE
module in Phase 2 is negligible (2 YA, cf Table 2), so our measurements using oscilloscope method during
Phase 2 are consistent with the data sheet and specifications given by the constructor.

= 34.36 uA

Device: |nRF8001DX/MD =« SetupID: 0
| GATT Services I GAP Settings I Security I Hardware Settings | Current Consumption

Input ige current jond 35.04pA
Connection inteval 1000.00 ms E From RF - T0 A
e — 7@ From link layer 5.63 pA

vertising interval 1280.000
= ms From host processing 15.73 pA
Master clock accuracy (ppm) 10 From idle 199 pA
ApplicationLatency a From sleeping: 0.00 pA
" . Batter Lifetime

Configuration settings
Slave dock accuracy (ppm) 250 Battery capacity (mAh): 140
DC/OC enabled Mo Battery lifetime (hours): 3995. 14
Slave Latency q Battery lifetime (years): 0.46
Advertising payload 18
Device security Mo security
Tx power 1]
Window limiting Enabeled {20 ppm)

Display Plots
Time distribution: ___ _______ __ ____ D
Advertising: 0% Connection:| 100% Sleeping: 0%

Local attributes: Remote attributes:
Attribute Gatt procedure  Period Enabled Attribute Gatt procedure  Period Enabled
+ B Temp

4 @ Read- 1000 ms
(1) T Motify — 1000 ms

Figure 7: Temperature sensor node: BLE module current consumption,
as estimated by nRFgo Studio software
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2.2.2 Light sensor node

Figure 8 illustrates the two functioning phases of BLE module and microprocessor measured by
oscilloscope method for light sensor node.
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Figure 8: Light sensor node: 2 functioning phases of BLE module and
microprocessor, as measured by oscilloscope method

To measure the current consumption of BLE module and microprocessor during phase 1, simply measure
the voltage and duration of each segment of consumption displayed on the oscilloscope, as presented in
Figure 9.

Tek g Tria'd r Pos; 11.30ms CH1
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\ e A IS a B' Lirnit
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t { W 200MHzZ
4-} nlllh [:ll W
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Probe
10%
Yoltage
= Irveert
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Figure 9: Light sensor node: current consumption measurements of BLE module and
microprocessor, as measured by oscilloscope method
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For the microprocessor current consumption measurements in light sensor node, we have two
consumption segments (2.52 ms and 0.92 ms), as presented in Figure 9. The corresponding current and
charge consumption values in these two segments are presented in Table 7.

The third segment (Isieep) iS NOt used in light sensor node (Isieep_time=0), because the Read operation (12C
communication between the sensing device and the microprocessor) is done after Radio activities to
minimize the current consumption of the sensing device. In fact, the light sensing device has a relatively
high current consumption when it is active (0.24 mA, cf Table 4), and it hasn’t Shut_Down option after its
conversion time as in temperature sensing device case. The power management, we have proposed, is
to turn on the sensing device during the first microprocessor activity, waiting its conversion time (min_time
> 13.7ms) using Deep Sleep mode, then read sensing device measurements and turn it off.

Light sensor node: Microprocessor LPC1114 Consumption

Time Voltage Current
lon (Data send) 2.52 170 3.4 8.57
Isieep (Wart) 0.00 100 2.0 0.00
lon (Read) 0.92 170 3.4 3.13
Total 3.44 11.7

Table 7: Light sensor node: current and charge consumption measurements of
microprocessor, as measured by oscilloscope method

Similarly, to measure the BLE module current consumption in light sensor node, we have 6 consumption
segments. These 6 segments correspond to events presented in Table 2. Table 8 presents the
corresponding current and charge consumption values of BLE module, as measured by oscilloscope
method.

Light sensor node: BLE module Consumption

Time Voltage Current

(ms) (mV) (mA)
Imcu_LL 1.14 230 4.60 5.24
| standby 1.20 136 2.72 3.26
Irx 0.24 660 13.20 3.17
Ires 0.10 480 9.60 0.96
Irx 0.25 560 11.20 2.82
ImMcu HosT 4.96 260 5.20 25.79
Total | 7.89 41.25

Table 8: Light sensor node: current and charge consumption measurements of
BLE module, as measured by oscilloscope method

2.2.3 Orientation/Motion sensor node

Figure 10 illustrates the two functioning phases of BLE module and microprocessor measured by
oscilloscope method for orientation/motion sensor node.
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Figure 10: Orientation/Motion sensor node: 2 functioning phases of BLE module and
microprocessor, as measured by oscilloscope method

To measure the current consumption of BLE module and microprocessor during phase 1, simply measure
the voltage and duration of each segment of consumption displayed on the oscilloscope as presented in
Figure 11.
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Figure 11: Orientation/Motion sensor node: current consumption measurements of
BLE module and microprocessor, as measured by oscilloscope method

As for light sensor node, we have two consumption segments (2.4 ms and 1 ms), as presented in
Figure 11 for the microprocessor current consumption measurements in orientation/motion sensor node.
The corresponding current and charge consumption values in these two segments are presented in Table
9. The third segment (Isiep) iS NOt used in orientation/motion sensor node (lseep_time=0), as the case of
light sensor node, to minimize the current consumption of the orientation/motion sensing device. The
minimum conversion time for orientation/motion sensing device is 8.333 (120 Samples/second).
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Orientation/Motion sensor node: Microprocessor LPC1114 Consumption

Symbol

nsight SiP

Time

Voltage

Current

APPLICATION NOTE
AN130501

Charge

(mV)

(19

Total

lon (Data send) 2.4 170 3.4 8.16
Isleep (Walt) 0.0 100 2 0.00
lon (Read 1.0 170 3.4 3.40

11.56

Table 9: Orientation/Motion sensor node: current and charge consumption measurements of microprocessor, as
measured by oscilloscope method

Similarly, to measure the BLE module current consumption in orientation/motion sensor node, we have 6
consumption segments. These 6 segments correspond to events presented in Table 2. Table 10 presents
the corresponding current and charge consumption values of BLE module, as measured by oscilloscope
method.

Orientation/Motion sensor node: BLE module Consumption

Time Voltage Current Charge

(ms) (mV) (mA) (MC)
Imcu LL 1.14 230 4.60 5.24
| standby 1.20 136 2.72 3.26
Irx 0.24 660 13.20 3.17
ITes 0.10 480 9.60 0.96
Irx 0.25 560 11.20 2.81
ImMcu HosT 4.70 260 5.20 24.44
Total | 7.63 39.88

Tablel0: Orientation/Motion sensor node: current and charge consumption measurements of
BLE module, as measured by oscilloscope method

According to Table 7 and Table 8 for temperature sensor node, and comparing to Table 5 and Table 6 for
light sensor node, or Table 9 and Table 10 for orientation/motion sensor node, we find that the current
consumption of light or orientation/motion sensor nodes is more important than the current consumption
of the temperature sensor node, especially the consumption of BLE module. In fact, this increase in current
consumption of BLE module is mainly related to the consumption time of “lucu_Host”, which is longer in the
case of light or orientation/motion sensor nodes, because of the greater data size (4 bytes for the light
sensor node and 3 bytes for orientation/motion sensor node) relative to the 2 bytes in the case of
temperature sensor node. The greater number of bytes (data size) also increases the consumption of the
microprocessor, because it also requires a longer consumption time of “lo,” for reading measurements
made by the sensing device and for sending them to BLE module.

Regarding the current consumption of the sensing device, it is very low (in the order of a few uA). Because
of an intrinsic offset of INA195 component used in the oscilloscope measurement method, we cannot
characterize this low current with this method. This is confirmed by Figure 6, where we cannot measure
the consumption of the temperature sensing device.

June 1, 2015 Page 21 - 14 Document Ref: isp_ble_Catalog_R2.3.docx = Ed' .
Insight SiP — Green Side — 400 avenue Roumanille — BP 309 — 06906 Sophia-Antipolis Cedex — France — www.insightsip.com

without written permission. Specification subject to change without notice.



s|ght Si P APPLICATION NOTE
It's all in the AN1 30501

HOME| <<« |

2.3 Capacitor measurement method

To overcome low currents limitation of oscilloscope measurement method and to obtain more accurate
measurements, we developed another measurement method: the Capacitor Approach. This method is
based on the principle of charging calibrated capacitor, then turns off the power supply and feed the sensor
node by this charged capacitor. Total current consumption of sensor node will discharge this capacitor and
decrease its voltage. By measuring the voltage drop across the capacitor as a function of time, we can
determine the total current consumption and/or the total charge consumption, as presented in the two
following equations:

Q
I = X A
At ouQ =C vV

This method allows the measurement of low currents (in the order of a few uA), particularly to characterize
the current consumption of sensing device during the connection phase (Phase 1),

but also to characterize the total current consumption during the Standby-sleep (Phase 2), where the
current consumption of BLE module, microprocessor and sensing device is very low.

The capacitor used in this method is a ceramic capacitor of about 600 uF. To know the precise value of
this capacitance, we have used an RC circuit to calibrate the capacitance value. For this, we have
connected the capacitor to resistor with an accurate value of 1 KQ, as shown in Figure 12.

05 Lo Capacitor Charging
Current

Switch

f(r Lhargng
=

Figure 12: Electric Schema of RC circuit and its discharging curve, versus time

Capacitor Current

6T Time.t

w
uiq

Time Constant, (T)

The time constant of this circuit is given as:
T=RXxC

So by measuring the time constant on the oscilloscope, we can calibrate the capacitance that we will use
to accurately measure the current consumption. Figure 13 shows the discharge curve of the measured RC
circuit.

I [=]
June 1, 2015 Page 21 - 15 Document Ref: isp_ble_Catalog_R2.3.docx

Insight SiP — Green Side — 400 avenue Roumanille — BP 309 — 06906 Sophia-Antipolis Cedex — France — www.insightsip.com
The information contained in this document is the property of Insight SiP and should not be disclosed to any third party |
without written permission. Specification subject to change without notice.

%0




JHSith SP APPLICATION NOTE
It's iﬁhe b AN 1 30501

HOME| <<« |

Tek L @ Acq Complete M Pos: 780.0ms CURSOR
+

Type
W e TSRl TS

Source

=t 530.0ms

= 1.887Hz
1.12V-= ".' .4'.-
0.3vCC| |_-IIJr~.ur 1
z Cursor 2
= A60rns
14 112%
CHT 200mY  CH2 S00mY M 250ms CH2 ™ 273V

Use multipurpose knob to mowe Cursor 1

Figure 13: Discharging curve of RC circuit to calibrate the
measurement capacitance, as measured

From Figure 13, the time constant is 530 ms, so the precise value of the capacitance is:

530 ms

= ————=530uF
1KOhm #
Once the capacitance is calibrated, we applied the capacitor measurement method to measure total

current consumption. Figure 14 shows the electric schema for measuring the total current consumption of
sensor nodes using capacitor measurement method.

Switch.*l
[

3V + C _— Module
— under
test

Figure 14: Electric schema to measure the total current consumption of sensor nodes
using capacitor measurement method
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2.3.1 Temperature sensor node

Figure 15 shows the measurements of total current consumption of temperature sensor node for the two
functioning phases (Phase 1+Phase 2), carried out by the capacitor method for measurement time
(Connection Interval) of 1 second.

Tek T @ Acqg Complete M Pos: 4.480s CURSOR
+ *

Type
Phase 1 :I Se
YR s gy —
el 7t 1,000
ey ot g el = 1.000Hz
™~ ~ o &\ 104mY
f Phase 1 +
Phase 2
&
CH2 100mY M 250ms CH2 ™ 2.8

16-May-13 2329 <10Hz

Figure 15: Temperature sensor node: total current consumption measurements,
as measured by capacitor method

In these measurements that look like a staircase, the voltage drop is related to the total current
consumption of the sensor node during the communication phase (Phase 1) where there is a high
consumption for a short time (6-10 ms). However the low slope of consumption is related to the total
consumption of the sensor node for the Standby-sleep phase (Phase 2).

The total charge consumption of the temperature node sensor for (Connection Interval)
(Tperioa = 1s), as presented in Figure 15, is of the order of:

Qphase 1+Phase 2 — C XAV = 530#1’7 x 0.104V = 5512 ,uC

Figure 16 presents the measurements of total consumption of temperature sensor node during the
communication phase (Phase 1). We observe a voltage drop of 88 mV during this phase, so the total
charge consumption in the communication phase is of the order of:

Qphase1 = C X AV = 530uF X 0.088V = 46.64 uC

This is consistent with measurements made for the BLE module and the microprocessor by the
oscilloscope method presented in the previous paragraph (Table 5 and Table 6), where:
Qpre = 34.36 uC and Q,p = 9.86 uC.

The difference between the two measurements is the consumption of the sensing device during the
communication phase (Phase 1), so:

Qsonsor = 46.64 — (34.36 + 9.86) = 2.42 uC.
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Figure 16: Temperature sensor node: total current consumption measurements
during Phase 1, as measured by capacitor method

Figure 17 presents the measurements of total consumption of temperature sensor node during the

Standby-sleep (Phase 2). We observe a voltage drop of 16 mV during this phase, so the total charge
consumption in the Standby-sleep phase, is of the order of

Qphase 2 = C X AV = 530uF x 0.016V = 8.48 uC
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Figurel7: Temperature sensor node: total current consumption measurements
during Phase 2, as measured by capacitor method
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So the total average current consumption of the temperature sensor node for the period (Tyerioq = 15) is
of the order of:

+
It erioa=1s = Qenase 1 - Qrhase _ (46 64 + 8.48)ud = 55.12 ud

2.3.2 Light sensor node

Figure 18 shows the measurements of total current consumption of light sensor node for the two

functioning phases (Phase 1+Phase 2), carried out by the capacitor method for measurement time
(Connection Interval) of 1 second.

Tek T @ Acqg Complete M Pos: 4600s CURSOR
+ *

Type

Source
I: Phase 1

=t 1.000s

P = 1.000Hz
M o 128mY
f Phase 1 +
Phase 2
Cursor 2
Phase 2 ciis
2, 1.91Y
CH2 00my M S00ms CH2 ™ 281y

16-May-13 2303  <10Hz

Figurel8: Light sensor node: total current consumption measurements,
as measured by capacitor method

The total charge consumption of the light sensor node for (Connection Interval)
(Tperioa = 1s), as presented in Figure 18, is of the order of:

Qphase 1+Phase 2 — C XAV = 530”1‘7 X 0.128V = 67.84 ‘uC

Figure 19 and Figure 20 show the total consumption in Phase 1 and Phase 2, respectively.
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Figurel9: Light sensor node: total current consumption measurements during
Phase 1, as measured by capacitor method
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Figure 20: Light sensor node: total current consumption measurements during
Phase 2, as measured by capacitor method

According to Figure 19, the total charge consumption of the light sensor node in the communication phase
(Phase 1), is about:

Qphase1 = 530uF x 0.104V = 55.12 uC

This is also consistent with measurements made for the BLE module and the microprocessor by the
oscilloscope method (Table 7 and Table 8), where: Qg5 = 41.25 uC andQ,p = 11.7 uC. The difference
between the two measurements is the consumption of the sensing device during the communication phase
(Phase 1), s0Qgensor = 55.12 — (41.25 + 11.7) = 2.17 uC.
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Similarly, according to Figure 20, the total charge consumption of the light sensor node in the Standby-
sleep phase (Phase 2), is about:

Qphase 2 = 530uF x 0.024V = 12.72uC

So the total average current consumption of the of light sensor node for the period
(Tperioa = 1s) is of the order of:

_ QPhase 1t QPhase 2
Tperioa=1s — 1s

= (55.12 + 12.72)ud = 67.84 uA

As we have already seen, the current consumption of the light sensor node is higher than the temperature
sensor node in the two phases of operation.

For the communication phase (Phase 1), this increase in current consumption of the light sensor node is
related to the larger number of bytes to measure and to send. For the Standby-sleep (Phase 2), this

increase is due to a higher current consumption of light sensing device compared to temperature sensing
device (cf Table 4).

2.3.3 Orientation/Motion sensor node
Figure 21 shows the measurements of total current consumption of orientation/motion sensor node for the
two functioning phases (Phase 1+Phase 2), carried out by the capacitor method for measurement time

(Connection Interval) of 1 second.
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Figure 21: Orientation/Motion sensor node: total current consumption measurements,
as measured by capacitor method
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The total charge consumption of the orientation/motion sensor node for (Connection Interval)
(Tperioa = 15), as presented in Figure 21, is of the order of:

Qphase 1+Phase 2 = C X AV = 530uF X 0.120V = 63.6 uC
Figure 22 and Figure 23 show the total consumption in Phase 1 and Phase 2, respectively.
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Figure 22: Orientation/Motion sensor node: total current consumption measurements during
Phase 1, as measured by capacitor method
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Figure 23: Orientation/Motion sensor node: total current consumption measurements during
Phase 2, as measured by capacitor method

According to Figure 22, the total charge consumption of the orientation/motion sensor node in the
communication phase (Phase 1), is about:
Qphase1 = 530uF x 0.104V = 55.12 uC
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This is also consistent with measurements made for the BLE module and the microprocessor by the
oscilloscope method (Table 9 and Table 10), where: Qg g =39.88 uC and Q,p = 11.56 uC. The
difference between the two measurements is the consumption of the sensing device during the
communication phase (Phase 1), SO Qsensor = 55.12 — (39.88 + 11.56) = 3.68 uC. This difference is
higher than that of the light sensor node, because during Phase 1, the current consumption of
orientation/motion sensing device for maximum Sampling rate (120 Samples/second) is more than current
consumption of light sensing device (cf Table 4).

Similarly, according to Figure 23, the total charge consumption of the orientation/motion sensor node in
the Standby-sleep phase (Phase 2), is about:

Qphase 2 = 530uF x 0.016V = 8.48uC

However, during Phase 2, the current consumption of orientation/motion sensing device is lower than that
of light sensing device and equal to that of temperature sensing device (cf Table 4).

The total average current consumption of the of light sensor node for the period
(Tperioa = 1s) is of the order of:

_ QPhase 1 + QPhase 2
Tperioa=1s — 1s

= (55.12 + 8.48) 14 = 63.6 uA

As we have already seen, the differences in total current consumption of the three sensor nodes are related
to characteristics of the used sensing device. In the next paragraph, we present the total consumption
measurements results of the three sensor nodes for different measurements times (Connection Intervals).

3. Measurement Results

3.1 Temperature sensor node

Table 11 presents total current consumption measurements of the temperature sensor node, which
integrates BLE module designed by Insight SiP, LPC1114FHI33/302 microprocessor and temperature
sensing device TMP112. The battery used in this sensor node is 3V coin cell battery CR1632 has a
capacity of140 mAh, so a charge capacity of 504 C. The autonomy of this sensor node is given by the
following equation:

504 (C
Autonomy = ©) - X Connection Interval
Total average charge consumption of sensor node (C)

Measurement specifications for different measurement times (Connection Intervals) are described in Table
11:
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Temperature sensor node

Connection Average Total Autonomy

Interval (ms) Consumption (uC) (year)
1000 46.64 8.48 55.12 0.290
2000 46.64 2x8.48=16.96 63.60 0.503
3000 46.64 3x8.48=25.44 72.08 0.665
4000 46.64 4x8.48=33.92 80.56 0.794

Tablel1l: Temperature sensor node: measurements results

3.2 Light sensor node

Table 12 presents total current consumption measurements of the light sensor node, which integrates BLE
module designed by Insight SiP, LPC1114FHI33/302 microprocessor and light sensing device APDS-
9300. The battery used in this sensor node is 3V coin cell battery CR1632. Measurement specifications
for different measurement times (Connection Intervals) are described in Table 12:

Light sensor node

Connection Phase 2 Average Total Autonomy
Interval (ms) Consumption (uC)
1000 55.12 12.72 67.84 0.236
2000 55.12 2x12.72=25.44 80.56 0.397
3000 55.12 3x12.72=38.16 93.28 0.514
4000 55.12 4x12.72=50.88 106.0 0.603

Table 12: Light sensor node: measurements results

3.3 Orientation / Motion sensor node

Table 13 presents total current consumption measurements of the orientation/motion sensor node, which
integrates BLE module designed by Insight SiP, LPC1114FHI33/302 microprocessor and
orientation/motion sensing device MMA7660FC. The battery used in this sensor node is 3V coin cell
battery CR1632. Measurement specifications for different measurement times (Connection Interval) are
described in Table 13:

Orientation/Motion sensor node

Connection Phase 1 Phase 2 Average Total Autonomy

Interval (ms) (V@3] (V@3] Consumption (uC) (year)
1000 55.12 8.48 63.6 0.251
2000 55.12 2x8.48=16.96 72.08 0.443
3000 55.12 3x8.48=25.44 80.56 0.595
4000 55.12 4x8.48=33.92 89.04 0.718

Table 13: Orientation/Motion sensor node: measurements results
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4. Model / Measurement Comparison

In this section, we present a model for calculating current consumption of temperature, light and
orientation/motion sensor nodes. This model is based on the data sheets of the components, that is to
say, the current consumption values of each subset BLE module, microprocessor and sensing device, as
they are given in their data sheets. This model can calculate the average consumption of each subset, the
total consumption and the autonomy of sensor nodes for different Connection Intervals and for different
types of batteries.

4.1 Consumption calculating model of temperature sensor node

Table 14 presents the calculating model of total current consumption of temperature sensor node. The
specifications of each subset for one measurement per second are described below.

o BLE module (nRF8001) :
- 1 connection per second,
- 2 bytes data size,
- Average consumption = 33.48 UA.

o Microprocessor LPC1114FHI33/302 :
- 1 connection per second,
- 2 bytes data size,
- Average consumption = 15.84 uA.

o Temperature sensing device TMP112 :
- Measurement time = 26 ms,
- Average consumption = 2.99 uA.

The total average consumption is around 52.30 uA, which makes an autonomy of 0.31 year using a coin
cell battery CR1632 that has a capacity of 140 mAh.
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nRF8001 BLE
Current (mA) [Time (us) |Charge (nC|Notes
Imcu_l| 3.5[Tstart 1140 3990|Needed for Xtal Startup+ Tpost-processing Radio
Istandby 1.6|Tpre-processing Radio 1200 1920|Tpre-processing Radio
Irx 14.6|TRx for 1 x 2 octets payload 240 3504|Assumes 1 packet with payload of 2 bytes =8 +2 bytes
Itfs 7|Tifs for 1 Rx and 1 Tx packet: 100 700|100 us interframe space
Itx 12.7|TTx for 1 Tx packets 250 3175|Assumes 1 packet with payload of 2 bytes
Imcu_host 5|Tstop 3640 18200|Needed to transmit bits to Host processor = house keeping
Total Charge for 2*8 bits received 31489
lidle | 0.002|Tperiod 993430 1986.86[1 Measurements /second
Total charge per cycle of 1 second 33475.86
1
Estimated Average Current ( 33.48 uA) | BLE |
|
Sensor TEMP112
lon 0.04|Measurement 26000 1040(26 ms measurement time (conversion time)
lon 0.04]12C 60 2.4|Time to send to uP via 12C
Total Charge per measurement 1042.4
Istandby | 0.002|Shutdown 973940 1947.88|Time between measurements (1 Measurements /second)
Total charge per cycle of 1 second 2990.28
Estimated Average Current ( 2.99 uA) . Sensor
uP LPC1114FHI33/302
lon 3.4|12C 700| 2380|12C Time to communicante to Sensor (read time)
Isleep 2|Waiting time besfore Host 1700 3400|Time before Host
lon 3.4|uP Host time 1200 4080[Needed to transmit bits
Total Charge per Tx/Rx 9860
Istandby (Deep-Sleep) 0.006|Tperiod 996400 5978.4|1 Measurements /second
Total charge per cycle of 1 second 15838.4
Estimated Average Current (15.84 UA ) uP
Total estimated current (52.30 uA ) !cf 52.30 uA due to standby alone
— mAh —! Total
Lifetime for CR1632 140 2676.6|hour
111.5(day  E—
(0.31]year) | Autonomy |
e — |

Table 14: Temperature sensor node: Consumption calculating model

4.2 Consumption Calculating model of Light sensor node

Table 15 presents calculating model of total current consumption of light sensor node. The specifications
of each subset for one measurement per second are described below.

o Module BLE (nRF8001) :

- 1 connection per second,

- 4 bytes data size,

- Average consumption = 40.10 uA.
o Microprocessor LPC1114FHI33/302 :

- 1 connection per second,

- 4 bytes data size,

- Average consumption = 17.68 uA.
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o Light sensing device APDS-9300 :
- Measurement time (20 ms = 13.7 ms),
- Average consumption = 7.95 UA.

The total average consumption is around 65.72 uA, which makes an autonomy of 0.24 year using a coin
cell battery CR1632 that has a capacity of 140 mAh.

nRF8001 BLE
Current (mA) [Time (us) |Charge (nC|Notes
Imcu_lI 3.5[Tstart 1140 3990|Needed for Xtal Startup+ Tpost-processing Radio
Istandby 1.6[Tpre-processing Radio 1200 1920(Tpre-processing Radio
Irx 14.6|TRx for 1 x 4 octets payload 240 3504|Assumes 1 packet with payload of 4 bytes =8 +4 bytes
Itfs 7|Tifs for 1 Rx and 1 Tx packet 100 700|100 us interframe space
Itx 12.7|TTx for 1 Tx packets 252 3200.4|Assumes 1 packet with payload of 4 bytes
Imcu_host 5|Tstop 4960 24800|Needed to transmit bits to Host processor = house keeping
Total Charge for 4*8 bits received 38114.4
lidle | 0.002|Tperiod 992108| 1984.216(1 Measurements /second
Total charge per cycle of 1second 40098.616
Estimated Average Current (40.10[u BLE
Sensor APDS-9300
lon 0.24|Measurement 20000 4800|26 ms measurement time (conversion time)
lon 0.24{12C 60 14.4|Time to send to uP via 12C
Total Charge per measurement 4814.4
Istandby 0.0032|Shutdown 979940| 3135.808|Time between measurements (1 Measurements /second)
Total charge per cycle of 1second 7950.208
Estimated Average Current ( 7.95 uA) | Sensor |
| |
uP LPC1114FHI33/302
lon 3.4/12C 2520 8568|12C Time to communicante to Sensor (read time)
Isleep 2|Waiting time besfore Host 0 0|Time before Host
lon 3.4[uP Host time 920 3128|Needed to transmit bits
Total Charge per Tx/Rx 11696
Istandby (Deep-Sleep) 0.006(Tperiod 996560 5979.36|1 Measurements /second
Total charge per cycle of 1second —L7675.36
Estimated Average Current 7.68u/ | uP |
Total estimated current K65.72|u |cf 65.72 pA due ta standby alone
mAh | Total
Lifetime for CR1632 140 2130.1|hour
/82'_2 dl:;, : — Autonomy

Table 15: Light sensor node: Consumption calculating model

4.3 Consumption Calculating model of Orientation/Motion sensor node

Table 16 presents calculating model of total current consumption of orientation/motion sensor node. The
specifications of each subset for one measurement per second are described below.
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o Module BLE (nRF8001) :
- 1 connection per second,
- 3 bytes data size,
- Average consumption = 38.79 uA.
o Microprocessor LPC1114FHI33/302 :
- 1 connection per second,
- 3 bytes data size,
- Average consumption = 17.54 uA.
o Orientation/motion sensing device MMA7660FC :
- Measurement time (15 ms = 8.5 ms),
- Average consumption = 6.40 UA.

The total average consumption is around 62.72 uA, which makes an autonomy of 0.25 year using a coin
cell battery CR1632 that has a capacity of 140 mAh.

nRF8001 BLE
Current (mA) [Time (us) |Charge (nC|Notes
Imcu_lI 3.5[Tstart 1140 3990|Needed for Xtal Startup+ Tpost-processing Radio
Istandby 1.6[Tpre-processing Radio 1200 1920(Tpre-processing Radio
Irx 14.6|TRx for 1 x 4 octets payload 240 3504|Assumes 1 packet with payload of 3 bytes =8 +3 bytes
Itfs 7|Tifs for 1 Rx and 1 Tx packet 100 700|100 us interframe space
Itx 12.7|TTx for 1 Tx packets 251 3187.7|Assumes 1 packet with payload of 3 bytes
Imcu_host 5|Tstop 4700 23500|Needed to transmit bits to Host processor = house keeping
Total Charge for 3*8 bits received 36801.7
lidle 0.002|Tperiod 992369| 1984.738[1 Measurements /second
Total charge per cycle of 1second 38786.438
Estimated Average Current ~38.79[un | BsLE
Sensor MMA7660FC
lon 0.294(Measurement 15000 4410|26 ms measurement time (conversion time)
lon 0.294{12C 60 17.64[Time to send to uP via 12C
Total Charge per measurement 4427.64
Istandby 0.002[Shutdown 984940 1969.88[Time between measurements (1 Measurements /second)
Total charge per cycle of 1second 6397.52
Estimated Average Current ( 6.40 uA) Sensor
uP LPC1114FHI33/302
lon 3.4[12C 2400 8160]12C Time to communicante to Sensor (read time)
Isleep 2|Waiting time besfore Host 0 0|Time before Host
lon 3.4|uP Host time 1000 3400[Needed to transmit bits
Total Charge per Tx/Rx 11560
Istandby (Deep-Sleep) 0.006(Tperiod 996600 5979.6|1 Measurements /second
Total charge per cycle of 1second 17539.6
Estimated Average Current Q7.54 %) : uP |
| IS

Total estimated current QZJZ u |cf 62.72 uA due to standby alone

mAh | Total
Lifetime for CR1632 140 2232.0[hour

d?;: et : Autonomy
Table 16: Orientation/Motion sensor node: Consumption calculating model
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4.4  Model / Measurements comparison

Table 17, 18 and 19 respectively presents model / measurements comparison of the total current
consumption and the autonomy of temperature, light and orientation / motion sensor nodes for different
Connection intervals.

Temperature sensor node

Connection Total Consumbtion Total Consumption Autonomy Autonomy
Interval e o P “Measurements” “Model” “Measurements”
Model” (uC)
(ms) (year) (year)
1000 52.30 55.12 0.31 0.29
2000 62.30 63.60 0.51 0.50
3000 72.30 72.08 0.66 0.67
4000 82.30 80.56 0.78 0.79

Table 17: Temperature sensor node: Model/measurements comparison

Light sensor node

Connection Total Consumption T‘?tal Consumptl?,n A‘l‘Jtonorr,l,y . Autonomy .

Interval c o Measurements Model Measurements
Model” (uC)

(ms) (year) (year)
1000 65.72 67.84 0.24 0.24
2000 76.92 80.56 0.42 0.40
3000 88.12 93.28 0.54 0.51
4000 99.32 106.0 0.64 0.60

Table 18: Light sensor node: Model/measurements comparison

Orientation/motion sensor node

Connection : Total Consumption Autonomy Autonomy
Total Consumption . " ” 0 " "
Interval “Model” (uC) Measurements Model Measurements
(WD) (1®) (year) (year)
1000 62.72 63.60 0.25 0.25
2000 72.72 72.08 0.44 0.44
3000 82.72 80.56 0.58 0.60
4000 92.72 89.04 0.69 0.72

Table 19: Orientation/Motion sensor node: Model/measurements comparison

From these three tables, we can find that the calculating model of current consumption is quite reliable
and provides good estimations of consumption and autonomy close enough to the real operation case in
the range of measurement time (Connection Interval) 7.5 ms to 4000 ms announced in the specifications
of temperature, light and orientation/motion sensor nodes (cf Table 1).
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BLE custom design service
based on nRF8001 from Nordic Semiconductor

Insight SIP has designed a “ready to use” module based on Nordic Semiconductor’s Bluetooth Low Energy
nRF8001 chip. For many applications, this module represents the ideal solution, as it is ready to use, and
minimizes design risk and time-to-market.

Insight SIP offers its world class design expertise and Intellectual Property blocks used in designing the
BLE module to rapidly make miniature designs to meet specific customer requirements. As an existing
partner of Nordic Semiconductor, Insight SIP is ideally placed to deliver high quality designs based on

Nordic Semiconductor’s chipset.

Key Features

Applications

<+ “Antenna in Package” technology
Smallest package size on market
8 x 12 x 1.45mm
+ High performance — up to 40m range
4+ Pre-certified
+ Minimal RF experience required
4+ All RF elements inside
4+ Specific form factors and metal housings
<+ Very-high volume, low margin applications
= Integration of other technologies

<+ Space constrained BLE Slave Devices
= Sport and fitness sensors

<+ Health care sensors

=+ Out of Range (OOR) sensors

<+ Personal User Interface Devices (PUID)
<+ Remote controls

Case Study

Specific Skills

4+ Direct experience with nRF8001 BLE and
nRF51822 chip

4+ Class leading miniaturisation and integration of
RF elements, based on unique design
methodology

4+ Advanced miniature PCB antenna design
capability, based on years of research and
extensive Electromagnetic Simulation
experience

<+ Application Software capability via software
partner

A leading watch manufacturer required a Bluetooth
Low Energy solution in a metal cased watch.

The product requirement
was to integrate the BLE
elements onto the main
circuit board of the watch.

Insight SIP designed the
BLE RF elements,
including a matched PCB
antenna. The antenna was specifically designed to
meet the constraints of the metal housing. The RF
matching elements were placed optimally in the tiny
space reserved on the watch board.

For more information, visit us at www.insightsip.com, or email us at sales@insightsip.com.
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