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About this book

This guide provides a detailed description of the MKWO1 demonstration applications.
For more details about the MKWOL device, see the appropriate Reference Manual and/or Data Sheet.

Audience

This document is intended for application devel opers using the MKWOL1 device and these demonstration
applications as a starting point for devel oping proprietary applications,

Organization

This document is organized into three chapters as follows.

Chapter 1 I ntroduction — Describes the required software and hardware for correct
demonstration application setup.

Chapter 2 Wireless Uart— Details how to run the Wireless Uart application and explains
available application configurations.

Chapter 3 Wireless M essenger— Details how to run the Wireless Messenger application
and explains avail able application configurations.

Chapter 4 Connectivity Test — Details how to run the Connectivity Test application and
explains available menu options and application configurations.

Chapter 5 L ow Power Demo — Details how to run the Low Power Demo application and

explains available menu options and application configurations.

Revision History

Thisisthefirst revision of this document(Rev. 0.0).

Revision History

Location Revision

Entire document This is the first document containing
information on the KSDK and RTOS enabled
SMAC Demonstration Applications.

Definitions, Acronyms, and Abbreviations

The following list defines the acronyms and abbreviations used in this document.

API Application Program Interface.
dBm Decibels referred to one milliwatt.
LQI Ling Quality Indicator

FRDM Freedom Board

USB USB Dongle

TWR Tower Card Platform
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IDE Integrated Devel opment Environment.

MCU MicroController Unit.

OTA Over-the-air.

PC Personal Computer.

RX Receive.

X Transmit.

TERM Serial Port Terminal Application

XCVR Transceiver

[ENTER] The ENTER/RETURN key on the keyboard
[SPACE] The SPACEBAR key on the keyboard

CCA Clear Channel Assessment

ACK Acknowledge

MKWO01 FRDM-MKWO01 or MRB-MKWO01 or USB-MKW01
References

The following sources were referenced to produce this book:
[1] Freescale MKWO01 Reference Manual (MKWO1xxRM.pdf)
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Introduction

Chapter 1
Introduction

The Freescale MKW01 SMAC based Demonstration Applications have to be used with a serial port
terminal application.

This chapter details hardware and software requirements to initially use the MKWOL.

1.1  Supported Hardware

The MKWO01 SMAC based Demo Applications are designed to work with the MKWOL1 platforms. The
MRB-KWO0L1 platform can be free-standing or plugged into the TWR-RF board.

For more information on the TWR-RF system, see the appropriate Freescale Tower, Modular
Development Platform documentation at www.freescale.com/tower.

1.2 MKWO01 Software

The package containsthe RTOS and KSDK based framework, drivers and connectivity stack with SMAC
as layer two along with the three demo applications. The application projects are developed using IAR
Embedded Workbench 7.40.1.

1.3 Hardware Considerations

The KW01-MRB can be connected to the computer in two ways:
e Directly connecting from the PC to the mini USB connector (J16) of the MRB, or

* Mounting the MRB on a TWR-RF board, (if using this setup the cable from the PC should be conected to
the mini USB connector (J2) of the TWR-RF board).

The jumper configurationsfor each of the above set-ups aswell asthe default jumper configuration for the
KWO1 Freedom Board are described in the tables below.

Table 1-1. Jumper settings for USB connected directly to MRB (no TWR-RF)

header Install jumper on pins
J3 1-2
J7 1-2
J8 1-2
J12 3-4
J12 5-6
J13 1-2
J13 3-4
J13 5-6
J13 7-8

MKWO01 SMAC Demonstration Application User’s Guide, Rev. 0.0
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Table 1-1. Jumper settings for USB connected directly to MRB (no TWR-RF)

header Install jumper on pins
Ji7 2-3
Ji7 5-6
Ji7 8-9

To connect the USB to the TWR-RF platform, the only changes that must be applied are to J17. Instead of
the (5- 6) and (8 - 9) pairsinstall jumperson (4 - 5) and (7 - 8).

Table 1-2. Default jumper configuration for FRDM-KWO01

header Install jumper on pins
J8 2-3
J9 1-2
J31 1-2

Figure 1-1. MRB-KWO01

MKWO01 SMAC Demonstration Application User’s Guide, Rev. 0.0
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Figure 1-2. MRB-KWO01 connection with the TWR-RF platform
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Figure 1-3. FRDM-KWO01
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Figure 1-4. USB-KWO01
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MKWO01 Wireless Uart Application

Chapter 2
MKWO1 Wireless Uart Application

2.1 Introduction

The MKWO01 Wireless Uart application functions as an wireless UART bridge between two (one to one)
or severa (oneto many) boards. The application can be used with both a TERM or with asoftwarethat is
capable of opening a serial port and writing to it (or reading from it). The characters sent or received are
not necessarily ASCII printable characters.

All of the application configurations must be done at compile time since Wireless Uart does not display
any configuration menus.

2.2  Application configuration

The application can be configured from three files:
* SMAC _Config.h

It contains the configuration for the source/destination PAN id (gDefaultPanID_c), source
node address (gNodeAddress c), number of maximum retries and retransmissions
(gMaxRetriesAllowed_c) and the backoff interval for the custom backoff algorithm.

* Application_Interface.h
Thisfile provides customization of the default destination address (gDefaultAddress c),
default channel number (gDefaultChannelNumber_c), default output power, which has to
range between minimum and maximum output power (gDefaultOutputPower _c). Thisfilealso
contains the definition for two default PHY modes.

* Wireless UartApplication.c
The InitProject can be changed to enable the retry and re-transmission mechanisms. By setting
the boolean fielsto TRUE and the numerical fieldsto the desired number of retries, respectively
re-transmissions the user can enable none, one or both of these features.
Hereisan example:
txConfigContext.autoAck = FALSE; //TRUE for enabling automatic ACK
txConfigContext.ccaBeforeTx = FALSE; //TRUE for enabling automatic CCA before TX

txConfigContext.retryCountAckFail = 0; // Number of retriesin case no ACK is received
txConfigContext.retryCountCCAFail = 0; // Number of retransmissions if channel is busy

Also, the InitApp function allows the user to change the baudrate of the serial port. For other
options look at the definition of the baudrate macro (QUARTBaudRate115200 c) and pick
another member from the baud rates enumeration. Moreover, thisfunction also switchesto one
of the default PHY modes defined in the Application_Interface header file.

Other settings should be kept “as-is’ since they could affect the application’s behavior. There are several
settings that can be made in the AR project compiler options to configure number and size of the Serial

MKWO01 SMAC Demonstration Application User’s Guide, Rev. 0.0
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MKWO01 Wireless Uart Application

Manager receive buffers and the buffers available for memory allocation, but it is recommended to keep
their current values.

The project itself can be configured to run on RTOS (MQX or FreeRTOS) configuration or bare-metal
configuration (non pre-emptive task scheduler). All three configurations are available both as Debug and

Release configurations. Before building and downloading the application the user can switch to either of
them from the Workspace tab in IAR.

Figure 2-1. Change between bare-metal and MQX in IAR
File Edit View Project Tools Window Help

D& dd| S | |
Waorkspace x
[WireIESS_LIart - mrbkwa 0T _twarrf Bk Debug hd

wireless Uart - mrblkow07_bwrrf BR Debug
mirbkw01 bwrrf BM Release

whireless_art - rrbkow07_bvarrf bMEE Debug

wireless_art - rrbkow07_bwartf ME Releaze

wireless_Uart - mrblow01_twrrf FreeRTOS Debug

whreless_Uart - mrblowD1_twif FreeRTOS Releasze

mq=_rmrbkw01 - debug

mq=_rmrbkw01 - release

kazdk_mgs_lib - Debug

kazdk_mgs_lib - Releaze

kzdk_freertoz_lib - Debug

kazdk_freertoz_lib - Releaze

kzdk_platform_lib - Debug

kedk platform lib - Releaze

2.3  Running the Wireless Uart Application

By default, the application will use broadcast addressesfor OTA communication. Thisway, the application

can be directly downloaded and run without any user intervention. The following use case assumes no
changes have been done to the project.

* Two (or more) MKWOL1 platforms have to be connected to the PC using the mini-USB cables.
* Then, the code must be downloaded on the platformsvia J-Link (or other means).

» After that, two (or more) TERM applications must be opened and the serial ports must be
configured with the same baud rate as the one in the project (default is 115200). Other serid
configurations necessary are 8 bit, no parity, 1 stop bit.

* To start the setup, each platform must be resett and one of the (user) push buttons found on the
MKWOL1 platform must be pressed. Thiswill start the state machine of the application and the user
can start sending characters via UART to one of the platforms, which will be broadcast OTA.

MKWO01 SMAC Demonstration Application User’s Guide, Rev. 0.0
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MKWO01 Wireless Messenger Application

Chapter 3
MKWO1 Wireless Messenger Application

3.1 Introduction

The MKWO01 Wireless Messenger Application is an SMAC based demo which highlights the retry and
re-transmission mechanisms in case of no ACK and Channel Busy scenarios. It uses the basic SMAC
primitives for datalayer and management layer and optionally it integrates a security module which
performs AES encryption and decryption in cipher block chaining mode and is completely transparent to
the application. The demo is presented in the form of a messenger-like application and it requiresa TERM.

Most of the application configurations can be applied at runtime except changing the baud-rate and
selecting between MQX target and bare metal target.

3.2 Wireless Messenger configuration menu

This paragraph describes the configuration menu and the shortcuts menu which aid the user in configuring
the application. The options available in the shortcuts menu can be accessed both in themain menu andin
the configuration menu. The console menu has all the shortcuts disabled so that they will not interfere with
message typing. Also with security enabled the configuration menu is extended with another entry in the
main menu which aids the user in configuring the initial vector and encryption key.

3.21 Shortcuts Menu

After the user hits[ENTER] on the welcome screen the main menu is displayed. In thismenu thereisalso
a shortcut entry displayed which specifies what each shortcut key does.

Figure 3-1. Wireless Messenger Welcome Screen

File Edit Setup Control Window Help
-

FREESCALE
SEMIGCONDUGTOR
i 2814
it
# Wireless Messenger Demo

—Press enter to startll
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MKWO01 Wireless Messenger Application

Figure 3-2. Shortcuts Menu for the MKWO01 Wireless Messenger Demo App

enter to start
less Messzenger Interface short cuts

» channel up

» channel doun

» Power up

» Power doun

» CCA Fail Retry lp

» CCA Fail Retry down

» ACK Fail Retry up

[t1 » ACK Fail Retry douwn

These keus be used all over the application to change
the test parameters

Select Wireless Messenger Option
1
L]
—Press [1]1 Configure Tx Params
Wireless Messenger Console
d Security IU and Key Config
—Press [pl Reset MCU

Channel B, Power 15. CCA Fail Hetriesz B-5,. Ack Fail Retries B-5 >

Given the above figure:

pressing ‘q’ will increase the channel number. When it overflows the maximum channel number
(dependent on frequency band and phy mode) the channel number will be set to O.

pressing ‘w’ will decrease the channel number. If previous channel number is O, the next channel
will be the last channel number.

pressing‘a and ‘s issimilar to ‘g’ and ‘w’ but for setting the output power. The limits for this
option are [0x01, Ox1F].

pressing ‘z' will increase the number of retransmissions in case of a channel busy scenario. Keep
in mind that a number greater than O for this option will enable automatic CCA before TX option.

pressing ‘x’ will decrease the number of retransmission in case of a channel busy status. If the
number of retransmissions is decremented to 0, the feature will be disabled.

pressing ‘r’ will increment the number of retriesin case of a No Ack situation. If the number of
retriesis greater than O, the automatic ACK mechanism isenabled. Thismechanismisbypassed in
case of a broadcast transmission.

pressing ‘t" will decrement the number of retriesin case of aNo Ack situation. If the number of
retries reaches 0, the automatic ACK mechanism is disabled.

A brief shortcuts menu description is also displayed in the configuration menu as Figure 3-3 ilustrates it.
Thisindicates that the shortcuts are still active.

MKWO01 SMAC Demonstration Application User’s Guide, Rev. 0.0
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MKWO01 Wireless Messenger Application

Figure 3-3. Shortcuts menu description embedded in the configuration menu
Eile Edit Setup Contrel Window Help

[1]1 Configure Tx Params

[2] Wireless Messenger Console
[p]l Reset MCU

Channel 11, Power 14, CCA Fail Retries 8,5, Ack Fail Retries 8,5 >

[g]l Ch+ ’ [z]1 CCAFailRetryCount + [»]1 ACKFailRetryCount+
[w]l Ch- P, [x] CCAFailRetryCount— [t]1 ACKFailRetryCount—

Select Configuration Option

[1]1 Configure Short Pan
[2]1 Configure Short Src
[3]1 Configure Short D=t
[p]l Back to main menu

Channel 11, Power 14. CCA Fail Retries B-5. Ack Fail Retriez B/5 5
-

3.2.2 Configuration Menu

The configuration menu is presented in Figure 3-3. There are three options available:

» Configure Short Pan ID: this option will allow the user to set the source/destination PAN address.
The user must enter four hexadecimal digits resembling a 16-bit address. The value entered is
case-insensitive. For example, to set a broadcast address for the PAN 1D, the user can type both
“OXFFFF" or “Oxffff”.

» Configure Short Sc ID: this option will allow the user to set the short address of the node. The
option is similar to the one presented above.
» Configure Short Dst ID: this option will alow the user to set the destination address of the packets

that will be sent from the console menu. The feature is similar to the Configure Short Pan 1D
option.

3.2.3 Security IV and Key Config

This configuration menu appears only if the application is built with gSmacUseSecurity ¢ set to 1. This
feature allowsthe user to configure theinitial vector and encryption key. For two devicesto communicate
properly, security must be enabled on both of them and the initial vector and the key must be identical.

Figure 3-4. Security configuration menu (when security is enabled)

—Press [3] Security IU andKey Config
—Press [pl Reset MCU

Channel B, Power 15, CCA Fail Retries B/5. Ack Fail Retries B/5 >

Security parameters configuration

(KEY [@A]
(HEY [11]
(KEY [21]
(KEY[31]
(KEY [41]
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MKWO01 Wireless Messenger Application

3.3  Wireless Messenger console menu

The console menu is used for sending and receiving messages. Outside this menu, the MKWOL1 will not
receive any packets OTA. Also, in thismenu al configuration options are disabled.

In the console menu, the user can see packetsintended for hisMKWOL1 platform or broadcast packets. Also
when the user types a message and hits [ENTER] the application will include the message into a packet
payload and send it using the addressing information previously configured. The application will notify
the user about the status of the packet by writing a status message to the serial port. The status can be either
a“Packet Sent” message or an error message in case theretry or retransmission mechanism is enabled and
sending failed after the retry/retransmission counter exceedsthe configured value. For exampleif the CCA
Fail Retriesis set to two and the algorithm finds the channel idle after a second attempt, the user will
receive a " Packet Sent” message in the TERM. If the channel is busy after a second retry the user will
receive a“ Packet Sending Failed. Reason. Channel Busy!” notification.

Figure 3-5. Console Menu: “Packet Sent” notification after writing “Hello World” and hitting [ENTER]

>Hello UWorld
Packet Bent

b |

MKWO01 SMAC Demonstration Application User’s Guide, Rev. 0.0
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MKWO01 Connectivity Test Application

Chapter 4
MKWO1 Connectivity Test Application

4.1 Introduction

The MKWO01 Connectivity Test Applicationisa SMAC based Demo Application which provides the user
with means to test basic transmission-reception functionalities along with several advanced testing
features based on the ASP and SMAC APIs.

Similar to the Wireless Messenger Application, Connectivity Test can be configured both at run-time (most
of the settings) but several options must be set at compile time (for example addressing is set default to
broadcast and can be changed only from the project files).

4.2  MKWO1 Connectivity Test Application Configuration

The compile time settings of the application can be updated in the same manner as for the MKWO01
Wireless UART Application. Most of the configuration settings can be found in
Connectivity Test Platform.h. Please read 2.2 Application configuration.

The runtime configuration is performed using shortcut keys which are available in most of the
application’s menus. Thisis similar to Wireless Messenger shortcut menu, but it exposes more options.
Not all the options are necessary at a certain point, but different menus or testswill change their behavior
based on what settings are applied.

Figure 4-1. Connectivity Test Shortcuts Menu

—Press enter to start
Connectivity Test Interface short cuts
Tx operation
[»] » Rx operation
[l » channel up
[w] » channel down
[al » Power up
[=1 » Power down
[nl increase the Payload
[m] decrease the Payload
[g] increase the Fregquency Offset

[hl decrease the Fregquency Offset
[jl store the Frequency Offset to dedicated address in flash
[k1 increase CCA Threszhold in Carrier Sensze Test
[11 decrease CCA Threshold in Carrier Sensze Test
[ toggle bhetween 128us and 5ms CCAZED Duration
These keys can he used all over the application to change
the test parameters

According to the above figure, the following keys have the effect described below:
e ‘t’: brings up the configuration menu for the transmitter in both PER and Range tests.
* ‘r’ : brings up the configuration menu for the receiver in both PER and Range tests.

e ‘g :increments channel number. If pressed when current channel isthe last channel in the range,
the channel number will change to O.

e ‘W : decrements channel number. If pressed when current channel is O, the channel number will
change to the last channel in the channel range.

e ‘@ :increments output power value. If output power is at maximum and this key is pressed, the
output power will go to minimum (in this case 0x01).

MKWO01 SMAC Demonstration Application User’s Guide, Rev. 0.0
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MKWO01 Connectivity Test Application

4.3

‘s’ . decrements output power value. If output power is at minimum and this key is pressed, the
output power will go to maximum (in this case Ox1F). These are not directly mapped to dBm
values. Instead the output power valueiswritten to the appropriate register. The user should consult
the reference manual to determine the relationship between selected value and power in dBm.

‘n’ : increments the length of the payload. This value is used in both PER TX test to build-up the
payload and in Transmission Control test for the same reason.

‘m’ : decrementsthe length of the payload. Incrementation and decrementation is performed in the
[17, 243] interval. All overflows at one end lead to setting the other end’s value.

‘K’ : increments the CCA threshold for the Carrier Sense test. In this test the CCA before TX
algorithm isimplemented at application level and the channel idle threshold is established using
this parameter.

‘I" : decrements the CCA threshold for the Carrier Sense test.

‘g’ increases the channel frequency with a Fstep value (57 Hz or 61Hz depending on clock out
value from the transceiver).

‘h’: decreases the channel frequency with a Fstep value.

‘|’ stores the number of Fstep values that need to be added or substracted from the channel
frequency. This key together with ‘g’ and ‘h’ aid the user in calibrating the MKWO1 channel
frequency. For example the user can use the TX unmodul ated feature to send acarrier signal OTA.
Then he can connect the MKWO1 platform to a spectrum analyzer and use ‘g’ and ‘h' to fine tune
the frequency by adding or substracting an offset. Once the desired value is obtained the user can
press‘j’ to store the offset in flash so that after reset the MKWOL is still calibrated.

‘b’: toggles between two CCA durations intervals (128 us and 5ms).

MKWO01 Connectivity Test Application Usage

The MKWO01 Connectivity Test Application has four main features:

a) Continuous Tests: This menu option will display several test suites
— IDLE: thisoption will set the transceiver and all the state machinestoidle.
— Burst PRBS Transmission using packet mode: this option will continuosly send packets
which contain a pseudo-random payload of fixed length.

— Continuous Modulated Transmission: this option will allow the user to select between
modulating 1's, 0’sor apseudo-random sequence (PN) and sending them OTA continuously
(in continuous mode). To use this mode, a jumper must be installed on pins (3 - 4) of J18.

— Continuous Unmodulated Transmission: this option will allow the user to send an
unmodulated signal OTA having the frequency equal to the central frequency of the
currently selected channel.

— Continuous Reception: this test will place the transceiver in reception and will dump the
payload bytes of the received packets to the TERM in ASCII converted hexadecimal
characters.

— Continuous Energy Detect: this option will launch consecutive energy detect requests at
fixed hard-coded intervals for the current channel and will print their values to the TERM.

MKWO01 SMAC Demonstration Application User’s Guide, Rev. 0.0
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MKWO01 Connectivity Test Application

— Continuous Scan: this option is similar to the previous one, except that at each iteration it
will obtain the energy values on all channels.

— Continuous CCA: this option will launch consecutive CCA requests for the currently
selected channel, at afixed hard-coded interval and will print “Idle” or “Busy” depending
on the CCA resullt.

— Continuous RX BER: this option will set the transceiver into continuous receive mode. Raw
datawill be demodulated and sent to pin 3 of J18 (D102). Synchronization is achieved by
using the clock signal on pin 2 of J18 (DIO1).

Figure 4-2. Continuous Test menu entries

Continuwous Test Menu

—Press [11 Idle
—Pressz [2]1 Burst PRBS Transmiszsion wsing packet mode
—Pressz [3]1 Continuous Modulated Transmission

—Press [4]1 Continuous Unmodulated Transmission
—Press [5]1 Continuous Reception

—Prezz [6]1 Continuous Energy Detect

—Press [7]1 Continuous Scan

—Press [8]1 Continuous Cca

—Press [?] Continuous R¥ BER

—Prezz [pl Previous Menu

Mow Running: Idle mode

b) Packet Error Rate: This menu option will display aconfiguration menu for testing the packet
error rate. The menu displayed also depends on the ‘r’ or ‘t’" shortcut key. If ‘r’ is pressed the
following menu will be for PER RX, otherwise it will be for PER TX. For example, if two
MKWOL1 platforms have Connectivity Test loaded, one of the boards can be set in RX and the
other in TX asin the following figures.

Figure 4-3. Entering PER menu with TX option selected and pressing ‘2’ to send 100 packets
PER Tx Test Menu

Choose the amount of packets to send:

faj -1 Packet [11 - 25 Packets
[21 - 168 Packets [31 - 5688 Packets
[4] 1888 Packets [5]1 - 2088 Packets
[6] 5888 Packets [7]1 - 18888 Packets
[31 65535 Packets

—Press [pl Previous Menu

Mode 'Tx.! Channel @, Power 31, Pavload 243, Bitrate 58kbps.
FrOff @Fsteps, CCA Thresh —88dBm, CCA Duration 128us >
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MKWO01 Connectivity Test Application

Figure 4-4. PER TX menu after sending the 100 packets burst

Press [enter] to go back to the PER Tx test menu Jj

Figure 4-5. PER Test Menu with RX option selected on the second platform

PER Rx Test Menu

—Press [zpace bar] to start-stop Receiving Packets
—Pre=zs [pl Previous Menu

Mode 'Rx! Channel @, Power 31, Pavyload 28, Bitrate 58khps.
FrOff BFsteps, CCA Thresh —8BdBm,. CCA Duration 128Bus >

Figure 4-6. PER RX after pressmg [SPACE] and starting the test

b inde 9
9?. Packet 1ndex- 9?. Rssi during RE:= -13
?28_. Packet index: 98. Rssi during R¥: —13 1
29_ Packet index:- 99. Resi during RX¥: -13
188. Packet index: 18A. Rsszi during RX: -13
Average Rssi during PER: —12 dBm
PER Test Finished

Received 188 of 18@ packets transmitted

Press [enter] to go back to the Per Rx test menu

c) Range Test: Thistest will display a configuration menu that will perform a‘ping-pong’ test to
aid the user in determining the range (as distance between two platforms) in which the MKWO01
platform can function properly. The sub-menu also depends on the ‘r’ and ‘'t shortcuts so that
one of the platforms can be the initializer (first to start a TX) and the other can respond to
requests. Thetest is started and stopped only by user intervention and during its execution it
will display the ling quality for each received packet. Also, at the end of the test, the platform
configured astheinitializer (TX) will display a summary of how many packets were |lost and
what was the average LQI.
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Figure 4-7. Range TX and RX sub-menus for two MKWOL1 platforms

Range Tx Test Menu Range Rx Test Menu

pace har] to start/stop Transmiting Packets pace hqr] to start/stop Receiving Packets
1 Previous Menu 1 Previous Menu

Figure 4-8. Range TX and RX after running the test for two MKWO1 platforms

LAl = 226 Range Test Rx Running
Packet Dropped

Range Test Tx Stopped

fverage LQI 225
Packets dropped 5

Press [enter] to go hack to the Range Tx test menu[]

d) Radio Registers Edit: this menu will allow the user to read-write transceiver registers and to
dump all address-value pairs from the transceiver registers to the TERM. The described
features are accessible through the entries of this menu. For each accessrequest (read or write)
to acertain register, the register addressis validated partially and it is the responsability of the
user to access an existing register. For example if the last accessible register is at OxFD, the
application will only validate that the addressis in the unsigned char range but user has the
possibility to request register OXFF. To ensure that aproper rangeis used, user can first use the
dump register feature to see the valid address ranges.

Figure 4-9. Radio Registers Edit menu
Radio Registers Edit Menu

—FPresz [1] Urite Registers
—Freszs [2] Read Registers
—Press [3]1 Dump Registers
—Press [pl Previous Menu

Mode Tx,. Channel B, Power 31, Payload 208, Bitrate 58kbhps.
FrOff AFsteps, CCA Thresh —8AdBm,. CCA Duration 128us > i

Figure 4-10. Read Indirect Registers Example

Radio Registers Edit Menu

—Press [1]1 Write Registers
—Press (21 Read Registers
—Press [3]1 Dump Registers
—Press [pl Previous Menu

Mode Tx,. Channel B, Power 31, Payload 20, Bitrate 58kbps.
FrOff BFszteps. CCA Threszh —88dBm,. CCA Duration 128us >
Read Registers

—Freszs [pl Previous Menu

—urite the Register addressz in Hex and [enter]l: Bxaa
—Ualue out of Rangett

—urite the Register address in Hex and [enter]l: Bx@1
—Register value - BxB4

—write the Register address in Hex and [enterl: Bxl
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e) Carrier Sense and Transmission Control: this menu will alow the user to choose between two
tests. The former isthe Carrier Sense test which will perform ED continuosly until the ED
value is above the CCA threshold (configured using ‘k’ and ‘I” shortcuts) and then transmit a
packet which contains pseudo-random data with the payload size configured using ‘'n’ and ‘' m’
shortcuts. The latter isthe Transmission Control test which displays a selection menu for
number of packetsidentical with the onein PER TX test and then it prompts the user to enter a
decimal value resembling theinter-packet delay in miliseconds. After that, the application will
start sending the selected number of packets with the selected inter-packet delay, using
pseudo-random data for the payload with the size configured with ‘n" and ‘m’ shortcuts.

Figure 4-11. Carrier Sense sub-menu. Pressing [SPACE] will start the ED loop
Radio Carrier Sense and Transmission Control Select Menu

—Press ' [1] Carrier Sense Test with un—modulation input signal
—Press [Z]1 Transmission Control Test
-Press [pl Previous Menu

Mode Tx, Channel B, Power 31, Pavyload 28, Bitrate 5S5Hkbps.
FrOff BAFsteps,. CCA Thresh —88dBm. CCA Duration 128us >

Prezs [SPACE] to beginsinterrupt test
Prezss [pl to return to previous menu

Figure 4-12. Transmission Control sub-menu after selecting 100 packets and 200 ms delayk

Tr Ctrl Test Menu

Choose the amount of packets to send:

[A] — 1 Packet [11 — 25 Packets
[2]1 — 1088 Packets [3]1 — 568 Packets
[4] — 1888 Packets [5]1 — 2088 Packets
[6]1 — 5888 Packets [7]1 — 18888 Packets

[8]1 — 65535 Packets
—Fresz [pl Previous Menu

Mode Tx. Channel B, Power 31, Payload 28, Bitrate 58kbps.
FrOff BFszteps. CCA Thresh —88dBm,. CCA Duration 128us >

Flease type InterPacket delay in miliseconds and press [ENTER]
(During test, exit by pressing [SPACEI1>

288

Packet number: 1; RS8SI value: —-189 dEm

f) Bitrate Select menu: this option alows the user to switch between two default PHY modes
defined in Connectivity Test Platform.h. Currently, the default modesare PHY modes 1 and 2.
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Figure 4-13. Bitrate Select menu

Radio Bitrate Select Menu

—Press [1]1 58 kbps. channel space 2Z88kHz mode

—Press [2]1 188 kbhps. channel space 488kHz mode

—FPress I[pl Previous Menu

Mode Tx,. Channel B, Power 321, Payload 28, Bitrate S8kbps.
FrOff BFsteps,. CCA Thresh —8BdBm. CCA Duration 128us >

g) Calibrate ED Measurement: thisisalso acalibration feature. To useit, connect signal generator
to the MKWO0L1 platform and send asignal with known power. Typein the power valuein dBm
and start the test. Thistest will perform over 100 ED measurements and compute the drift.
Then, thisdrift will be stored to flash so that after reset the calibration value can be used.

Figure 4-14. Calibrate ED Measurement Menu

llelcome to ED Calibration. Connect your signal source to the bhoawrd

Press ‘[ENTER] ‘to begin calibration
Press [pl if vou want to exit this test

Rezetting previous calibration value Cwritting BxFFFFFFFF>

Ualue Stored...

Please type the power of the modulated input signal <(hetween —1 and —138 dBm» an
d.press LEMTER]
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Chapter 5
MKWO1 Low Power Demo Application

5.1 Introduction

The MKWO01 Low Power Demo application aids the user in learning how to handle the low power use
cases. There are two scenarios. Thefirst scenario allows entering adesired low power mode manually, by
selecting the mode, the wake up source and the transceliver state during that mode. The second scenariois
more dynamic, meaning that one platform (the receiver) runs on the internal clock with the transceiver in
listen mode, while the application configured as transmitter sends a message periodically to wake up the
receiver. Theapplicationisused witha TERM. The application configurations can be done both at compile
time and at runtime (using the shortcuts keys).

5.2  Application configuration

The application can be configured from three files:
» SMAC_Config.h

It contains the configuration for the source/destination PAN id (gDefaultPanID_c), source
node address (gNodeAddress c), number of maximum retries and retransmissions
(gMaxRetriesAllowed_c) and the backoff interval for the custom backoff algorithm.

* Application_Interface.h

Thisfile provides customization of default channel number (gDefaultChannelNumber_c),
default output power, which has to range between minimum and maximum output power
(gDefaultOutputPower_c). Thisfile also contains the definition for two default PHY modes.

* Low_Power_DemoApp.c

The InitApp function allowsthe user to change the baudrate of the serial port. For other options
look at the definition of the baudrate macro (QUARTBaudRate115200 c) and pick another
member from the baud rates enumeration. Also, in this function the listen interval can be
configured, the wake up message is prepared and there is a switch to one of the default PHY
modes defined in the Application_Interface header file.

Other settings should be kept “as-is” since they could affect the application’s behavior.

The project itself can be configured to run on RTOS (MQX or FreeRTOS) configuration or bare-metal
configuration (non pre-emptive task scheduler). The above options are available both as Debug and
Release configurations.
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5.3 Running the Low Power Demo Application

At startup, the application displays amenu for selecting one of the scenarios described above. Also, inthe
main menu, the shortcuts can be used to change the active channel, output power and the role for the
second scenario (receiver or transmitter).

Figure 5-1. Low Power Demo main menu

53 enter to start
Power Demo Interface short cuts

[g]l for channel up
[w] for channel down
[al for Power up

[=2]1 for Power down
[r+]1 for RX Mode
[t] for TX Mode
in the main menu bhefore running any scenario

Select Low Power Demo Option
—Press [1]1 Manual Power Modes Configuration

—Press [2] Listen Mode Scenario
—Press [pl Reset MCU

Channel B, Power 15, Listen Mode Test: Tx i

5.3.1 Manual Power Modes Configuration

When entering this menu, a menu with available power modesis listed. If one of the options is selected,
another menu pops up with the available transceiver configurations. After selecting a transceiver mode,
the last menu will print the available wake up sourcesin respect to the specified MCU mode. As soon as
the user selects the wake up source, all configurations are applied.

All VLLSx (0, 1 and 3) modes exit by reset, while other modes will simply resume the application
execution. A particular situation here isthe very low power run which alows the MCU to continue its
execution under special conditions. Although the MCU still runs, the communication with the TERM is
lost. To exit this mode, the user should long press any switch button (except reset) .

Figure 5-2. Selecting an available MCU mode

Power mode:

Wait mode

Stop mode

ULPR (Uery Low Power Run} mode
ULPW (Uery Low Power Wait) mode
ULPS (Uery Low Power Stop) mode

] LLS <(Low Leakage Stop? mode
ULLS3 (Uery Low Leakage Stop 32
ULLS1 <(Uery Low Leakage Stop 1>
ULLSA C(Uery Low Leakage Stop @A)
Return to previous menu
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Figure 5-3. Selecting an available transceiver configuration

. L a P
[8]1 ULLS1 <Uery Low Leakage Stop 12 mode
[?]1 VLLSA <Uery Low Leakage Stop 82 mode

[p]l Return to previous menu

BRadio operation mode:
—Press ([1) Sleep mode
—Press [Z]1 Listen mode
—Press [3]1 Standby mode
—Preszzs [4]1 Synthesizer mode
—Press [5]1 R mode
—Prezss [6]1 TX mode

Figure 5-4. Selecting an available wake up source

Radio operation mode:

[1]1 Sleep mode

[2]1 Listen mode

[3]1 Standby mode
—Press [4] Synthesizer mode
—Press [5]1 RE mode
—FPress [6]1 TH mode

Select Wake Up Source:
—Press [1]1 GPIO (PTDG>
—Press ([2]1 LPTHR <5s>

Figure 5-5. Resuming after wake up from LLS

Select Wake Up Source:
—Press [1] GPIO <(PID6>
—Press [2]1 LPTHR <(5=>

——Back in run mode——

;ress [ENTER] to continue

53.2 Listen Mode Scenario

Prior to entering this menu, the user should select the desired role. To enter listen scenario as the
transmitter, user should press‘t’ (the configuration menu will display “Tx”). To assume the role of the
receiver, which means switch tointernal clock and thetransceiver into listen mode, whilePHY and SMAC
go into RX, the user should press ‘r’ and enter this menu.

The receiver exits listen mode each time a packed isreceived, but if the packet does not contain the wake
up message, the MCU remains on the internal clock and the transceiver goes back in listen mode. The
predefined settings for this scenario are: the transmitter sends a packet every 5 ms, while the receiver’s
transceiver has listen mode configured to sleep 12ms and go into receive mode 4 ms.
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Use these keys in the main menu hefore running any scenario

Figure 5-6. Listen Mode Scenario, Tx role

L] L]
H felect Low Power Demo Option H
1 1
L]

—Fresz [1] Hanwal Power Modes Cunfiguraéiun
—Press [[2) Listen Mode Scenario
—Fresz [pl Reset HMCU

Channel 8. Power 15. Listen Mode Test: |Tx/ >

Listen Tes One device transmits at 5 ms

while the other stays 4 ms in RH and 12 in idle.
Exit T by pressing 'p’. Exit RH (Listen) with Reset
or by receiving a wake up packet from the TH device.
While device is in Listen Mode the serial interface
is uwnavailable.

Figure 5-7. Listen Mode Scenario, Rx role

felect Low Power Demo Option

L] L]
-Pressz [1] Hanual Power Modez Configuration
—-Press T2] Listen Mode Ecenario

—Press [pl Reszet MCU

Channel @, Power 15, Listen Mode Test:

Listen Test: One device transmits at 5 ms

while the other stays 4 ms in RE and 12 in idle.
Exit T¥ by pressing ‘p’. Exit RE (Listen> with Reset
or hy receiving a wake up packet from the T device.
While device iz in Listen Mode the szerial interface
iz unavailable.

Going into listen mode. B

Select Low Power Demo Option

Figure 5-8. Listen Mode Scenario, wake up from listen.

\ Select Low Power Demo Option
H -Press [1] Manual Power Modes Cunfiguraéinn
i -Press [2] Listen Mode Scenario

s [1]1 Manual Power Modes Configuration -Press [pl Reset MCU

—Press [2] Listen Mode Scenario
—Press [pl Reset MCU

Channel @, Power 15, Listen Mode Test:|TIx >

Listen Test:

One device transmits at 5 ms
vhile the other stays 4 ms in R¥ and 12 in idle.
Exit TR hy pressing 'p’. Exit R¥ (Listen)> with Reset

Channel B, Power 15, Listen Mode Test: Rx >

ten Test: One device transmits at 5 ms

or by receiving a wake up packet from the T¥ device. availahle.
Yhile device is in Listen Mode the serial interface —

is unavailahle.

Starting periodic transmission.

Going into listen mode.

L

while the other stays 4 ms in R¥ and 12 in idle.

Exit T¥ by pressing ‘p'. Exit R¥ {(Listen) with Reset

or hy peceiving a wake up packet from the Ti device.
ile device is in Listen Mode the serial interface

Packet received. Exiting listen mode. Press ‘p' to continue
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