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1 Introduction

This document describes the basic steps for getting started
with the Watt Saver Component (WSC) using Freescale’s
Processor Expert Software.

Freescale Semiconductor is finding innovative ways to stop
“vampire” energy loss. With Watt Saver, an AC powered
device or equipment can achieve zero standby power
consumption. The Watt Saver solution can be used in the
industrial and consumer electronics field to save standby
power consumption in devices such as AC adapters for mobile
phone battery chargers, AC adapters for laptop computer/
tablet battery chargers, and so on.

Freescale’s Watt Saver technology consists of patent-pending
hardware and software. The Watt Saver software component is
a Processor Expert software package. You modify settings in
Processor Expert and it generates the configuration files
required. This enables easy and fast project development by
the customer. After the component is installed, the designer
can quickly complete the project development by configuring
some parameters.

You can download WSC from the link below:

www.freescale.com/WattSaver

© 2013 Freescale Semiconductor, Inc.
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2 How to use the WSC component

The Watt Saver component is designed for a 5 W mobile phone charger application based on the following hardware
platform and software (SW) tools. You can modify the related hardware circuit for different power requirements.

Hardware (HW) environment
MCU — MCI9RS08
Demo board — WATTSAVER-EVB
Debug tool — PE USB Multilink

Software (SW) environment
CodeWarrior 10.2 (CW)
CodeWarrior 6.3

To use the software component, follow the steps:
1. Install the Watt Saver component.
2. Set the WSC properties according to the customer design.
3. Generate Processor Expert code using CodeWarrior tools.
4. Implement user application specific code, build, and then burn the code to the target board.

2.1 Creating a new project named Demo

1. In the CodeWarrior, click on the command New / Bareboard Project... in the menu File in the CodeWarrior window to
create a new project.

The Project Wizard dialog window appears. Enter the name of the project —- Demo. Click on the Next button.
Select RSO8 / RSO8KA Family / MCI9RS08KA4. Click on the Next button.

P&E Universal / USB Multilink is set as the default connection. Click on the Next button.

Skip addition of existing files by clicking on the Next button.

C is set in Languages dialog. Continue by clicking on the Next button.

Keep default settings. Continue by clicking on the Next button.

Select the Processor Expert from Rapid Application Development and click on the Next button.

Select the MCORSO8KA4CWG in MCU Pin variants and the Release for MCIRS08K A4 in Configurations. Click on
the Finish button.

e A ol

The new empty project is created and ready for adding new components.

2.2 Install WSC in CodeWarrior 10.2

The Watt Saver component is released as the file WSC_PE.PEupd. To install this file, follow the directions below.
1. First, open the PE components Library view by selecting CW menu: Processor Expert & Show Views.
2. Use the Processor Expert ¢ Import Package command, refer to Figure 1

Watt Saver Software Component (WSC), Rev 1, 10/2013
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Figure 1. Import package
3. Select the file WSC_PE.PEupd and click the Open button, refer to Figure 2
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Figure 2. Select WSC component
4. After installing the WSC, it can be found in the User Components of the SW group, in the Processor Expert
Components Library. If it does not appear, right click in the library area and choose “Refresh.” , refer to Figure 3

Watt Saver Software Component (WSC), Rev 1, 10/2013
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Figure 3. WSC component in PE Components Library
5. You can get component help by right clicking the WSC component , refer to Figure 4
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Figure 4. Show help doc
6. Add WSC to project Refer to Figure 4, select Add to project

The components are now visible in the Component folder in the Project Panel

2.3 Configure properties

After the component is in the project, you can select the component and modify the properties of the component, refer to
Figure 5

Watt Saver Software Component (WSC), Rev 1, 10/2013
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Figure 5. WSC properties

Details

The default value in the following Table 1 and Table 2 is typical for 5 W AC adapter of mobile phone battery charger

Table 1. Software related properties class1

Properties

Properties

Description

wait_time

1200 s

Maximum (Max) time before timer
expires during wait mode. .

current his

370

If sampling current less than this value,
battery is fully charged.

current min

457

If sampling current more than this value,
the battery is charging.

current large

650

If sampling current more than this value,
battery is almost fully discharged.
Charging is ongoing

NOTE

current_large > current_min > current_his

Table 2. Software related properties class2

Properties

Default

Description

time_ac_switch_delay

25s

Delay for a while to avoid fast switching
between AC mode and Super Cap mode
for relay stability.

SCV_max

512

ADC value — Super Cap voltage max
value. If sampling super cap voltage
more than this value, super cap is fully
charged.

SCV_his

500

ADC value — If sampling super cap
voltage less than this value, super cap
needs to be charged

Table continues on the next page...

Watt Saver Software Component (WSC), Rev 1, 10/2013
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Table 2. Software related properties class2 (continued)

Properties Default Description

Waitlongtime 600s If sampling current is greater than or
equal to the value of current large
property, the MCU will enter stop mode
until Waitlongtime second expires.

Waitshorttime 60 If sampling current is greater than value
of current min property and less than the
value of Current large property the MCU
will enter stop mode until Waitshorttime

second expires.

Example— Please set related properties as shown in the following figures.

Adc_sample configure, refer to Figure 6.

= Cr.jug . Froperties | Mathods | Events
== Embedded Component: Marme Yalue
=B WSCTIWSC &40 corerter
9 Inhr1:ADC[WSC Sharing Disabled
) Inhr2:KBI[W/SCY Interrupt service/event Disabled
@ rhra:itolwsC || = A/D channels 2
B main_loop = Channel0
M| sys_init A0 channel (pin FTEZ2_KBIPG_ADPG
B ac_op = Channell
reeHostSettingsCache. xml A0 channel (pin PTA1_KBIP1_TPMCH1_ADP1_ACMPRMINUSG
“wistlib &,/D resolution 10 bits
Carversion time 46 ps
Lowe-powver mode Disabled
Sample time short
= Initialization
Enabled in init. code V=

Figure 6. Set adc_sample properties

Usb_intr configure— Refer to Figure 7

Watt Saver Software Component (WSC), Rev 1, 10/2013
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Figure 7. Set usb_intr properties

Ac_voltage configure, refer to Figure 8
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Figure 8. Set ac_voltage properties
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2.4 MCU and project configuration

The CPU correct configuration and library path settings are explained in this section.

2.4.1 WSC component lib path setting

Before settings, put CodeWarrior IDE window focus on the project (select project name like demo in the Project Panel

group).

Yalue
FTB3_KBIFY_ADPY
autoselected pull
push-pull

o

High

InputACutput

oot
a
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Refer to Figure 9 for WSC component lib path setting

Project — Properties = C/C++ Build — Settings = Tool Setting — SO8 Linker — input — click “+” button on
‘Libraries’ box.

Add lib path— "${ProjDirPath }/Generated_Code/wsclib.lib"

" Properties for Demo

| Settings
Resource -
Builders (22 General Parameter File |${PrDjD irPath}/Project_Settings/Linker _Files/ProcessorExpert.prm
) B 508 Disassembler
= CAC++ Build Cpeci function (4
- - pecify startup function {-E)
Build variables 2 8 L|n.ke.r ) 2 &
Discavery Options g Cptimization Search paths (-1} < & 8
Environment & Oupuit "tIProjDirPath
Se%t?ng?a & rost =
i) ted_Code
Toal Chain Editor e I\:f S;agsls -
Cjc++ Ganeral . (2 Disable user messages
2 General
Processor Expert
. 3 508 Burner
Project References 5 RS08 C i
Run/Debug Settings omprer
) RS02 Assembler
=5 RSO8 Preprocessor
(2 Preprocessar Settings

Figure 9. Add wsclib.lib to lib path

2.4.2 CPU property settings
Refer to Figure 10 for CPU property settings

* CW10.2 — Expert view — cpu properties = clock settings = low power mode settings — stop instruction enabled —
yes

* CW10.2— Expert view — cpu properties —> Internal peripherals — Reset Pin support = Enabled.
* CW10.2— Expert view — cpu properties = Internal peripherals = LVD module — Disabled.
* CW10.2— Expert view — cpu properties = Internal peripherals > BDM pin support = enabled.

Watt Saver Software Component (WSC), Rev 1, 10/2013
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+ FLASH

+ I/0 module
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+ Reset pin support Enabled

+ Enabled speed modes

Figure 10. Set CPU related properties, expert view

2.5 Generate processor expert code via CodeWarrior

After all properties and MCU settings are configured you can generate code by implementing the following steps.

Project -> Generate Processor Expert Code, refer to Figure 11

Watt Saver Software Component (WSC), Rev 1, 10/2013
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Change Device, Connection

Fun RTCS MQx MO Tools

Cirl+B

Profilet

Implement the H-bridge Code

Figure 11. Generate processor code

H-bridge is used to drive relay to switch ON/OFF AC source in the demo. You can refer to the example code from

component online help document.

Users can copy the example source code to their project, refer to Figure 12

Watt Saver Software Component (WSC), Rev 1, 10/2013

10

Freescale Semiconductor, Inc.



g |

How to use the WSC component

WSC Bean WSC

Watt Saver component

Category: SVV-Uzer Components

Typical Usage:

here is an example. Flease specified ADCO is current channel, and ADC1 is voltage channel. one instance: ADCO is
FTBZ, ADC current ADC1 is PTA1, ADC voltage KBl is FTBO, pin direction is in. AC status is PTB3. pin direction is in.

f* H-Bridge pins */

#define H BRIDEE BORT ETED
#define B_ERIDEE_QIE ETED_PTED7
A #define H_BRIDEE_QIZ ETED_PTEDG
#define B_ERIDGE_QIE ETED_PTEDS
#define H_ERIDGE_Q2L FTED_PTED4
#define _H_BRIDZE_(IE FTEDD_PTEDDT

#define _H_BRIDGE QIR PTEDD_PTBDDE
#define _H_BRIDGE_Q2ZE FTEDD_FTEDDS
#define _H_BRIDGE Q23 FTEDD_FTEDD4

/* H-Bridge Control */

#define H BRIDGE_CLEZR Ox0F
#define H BRIDGE_OFF OxR0
#define H_BRIDGE_AC 0x30
#define H_BRIDGE_WCAF 0xCO

Figure 12. Typical use in online help doc

2.7 Build image
Please build image by:
Project — Build Project

The built binary image is demo.abs.s19.

2.8 Flash binary image to the demo board

There are two options to download the software into the WATTSAVER — EVB, both options use the common PE USB
multilink 6 pin interface.

Option 1 — CW 10.2
1. Use the debug icon located in the tool bar as shown in Figure 13

Processor Expert  Window Help

ﬁ*@*é%'®-iﬁ'%'i®d'-iu 5 S

Figure 13. Flashing image

Watt Saver Software Component (WSC), Rev 1, 10/2013
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2. After download, click on the red button in the debug box. Refer to Figure 14

El Console | %Yy Components Library | © Progress | 88 Remote Systers | %% Debug 52 53 Memory Map | 5 Con
€5 B [

Figure 14. Stop debugger

Option 2 — Install CodeWarrior 6.3, and used hiwave.exe tool to flash. Steps:
1. Install Codewarrior 6.3
2. Run application hiwave.exe in CodeWarrior install path (program sub directory). You can get help from the online help
document. (cw_install_path\Help\PDF\ Debugger_HCO8.pdf)
3. Connect it to the board through a PE USB multilink interface and set a connection as mentioned below.

Please refer to page 48 of the Debugger_ HCOS8.pdf, When you set the connection, select RS08 as Processor and ‘P&E
Multilink/Cyclone Pro’ as Connection

4. Burn code
Select the binary file to burn by selecting file -> Load Application. Page 34 of the Debugger_ HC08.pdf.
For details, refer to document Debugger_ HCOS.pdf.

After the code is flashed
a. Cut off the board power
b. Remove the debugger cable from the board.
c. Press the reset button on the board (SW2);
d. Power ON the board.

The board is ready to be tested.

3 WSC theory

Watt Saver software control includes several operation modes, operation parameters, and features that will be explained in
this chapter.

Watt Saver Software Component (WSC), Rev 1, 10/2013

12 Freescale Semiconductor, Inc.




h o
g |

3.1 Application Block Diagram

Super Cap
Detect
Shield pin o
{ Monitoring
UsSB Y MCSORS08KA4 | |
Connector Microcontroller
Monitoring i E_

|

AC/DC

H-Bridge

WSC theory

—

Re

lay

N.C.

Converter

I

e POWETTNg,

120V240V

Figure 15. Application block diagram

3.2 State diagram

The state diagram is depicted in Figure 16.

Watt Saver Software Component (WSC), Rev 1, 10/2013

Freescale Semiconductor, Inc.

13



wou theory

Wath Sawer recnaing in the cperafionsl mode when a
sevies doall phons fabket, R 1 conneated and changing
or wehien e Supern Cag s ral Tuly ohanged

AC MODE
Super Cap fully charged and one of the
lollowing cordition: happers:
a) Devicewith fully charged
battery is connected.
Devicels not -:':."ﬂet'-ed and Only the Gnd-shielded cabla is
super Lapis fully charged connected and not the device.
Device rmoratoring time

/ Ay device [Grd-shleld USE \

\ explres or Supar Caplow
/ cable] connection ar Super lI." valtage detection.

- . "
Caplowr woltage datertion

Wait

Lowe Power

[cable attached)
Mode

Drvice or Sad-shield cable iy

discannactad.

Figure 16. State diagram
NOTE

1. The difference between Wait Mode and Low Power mode:

Load connected—Enter wait mode Load not connected—Enter low power mode

2. wait_time property is used in wait mode for periodically monitoring load current.

The MCU will be wakes after wait_time expires or super cap low voltage detection.

3.2.1 Description—configuring current properties
Three current threshold values are:

e current_his

e current_min

 current_large

The value order is shown in the Figure 17.

I Large

SERELLR LR

Ao o min  his
el charged

o —————— C\T¢nt

Figure 17. Current threshold

 current_min > current_his — The hysteris between current_min and current_his is to avoid operation vibration or
oscillation

 current > current_large — MCU samples current every waitlongtime seconds;

Watt Saver Software Component (WSC), Rev 1, 10/2013
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e current > current_min and current < current_large — MCU samples current every waitshorttime seconds
e current < current_his — Device is not charging (charging full).

3.2.2 How to set current properties value
Below is the example used for charging a mobile phone on WATTSAVER-EVB.

1.
2.

3.

4.

Plug in a mobile phone into the demo board

Measure the JBS voltage (U2, the Vout pin of MAX4372H) and calculate the current by using formula: I =V * 100

The voltage unit is volt, and the current unit is mA.
Monitor the charging period. The charging curve is similar to the figure below:

et

mA current
350
g

300

250

200

L

150

100

0 T T T T
0 0.5 1 15 2 2.5 3

(FT)
LU

Figure 18. Charging curve
Observe the current curve

Current > 50 mA, device is charging (325 mA to 50 mA, takes 3 hours)
Current < 30 mA, is fully charged.

50 mA and 30 mA are current threshold values.

. Set the current properties value

R9 =0.1, 10-bit ADC = 1024, magnification scale factor = 100,
Maximum voltage of JB5 is (5 V — voltage of diode) 4.72 V.
1 mA representative unit is :

0.001 A(1 mA) *0.1 Q* 100 * 1024 /4.72 V =2.169
current_large = 2.169 * 50 = 108
current_his = 2.169 * 30 = 65

35 mA (a little greater than current ) is set as current minimum threshold,

Therefore:

Watt Saver Software Component (WSC), Rev 1, 10/2013
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current_min = 2.169 * 35=76

3.2.3 2 APIs from Wsclib.lib

The 2 API, listed below, can be called by the user.
void MCU_Init(void) : Initiates the MCI9RS08 public peripherals
void main_fsm(void): It implements the watt saver power consumption algorithm.

4 Limitations
» User implements H bridge code to drive AC ON/OFF
* Only used for RS08 MCU family
* Tested with CodeWarrior 10.2
¢ Only tested with 5 W AC source application

5 Conclusions

This document described the basic steps for getting started with the Watt Saver software component and the steps to
configure it. For technical details about the board design and solution implemented, please check the documentation section
in the following website:

www.freescale.com/WattSaver

6 References
* RSO8KA: 8-bit General Purpose Ultra-Low-End Market KA MCUs, available at www.freescale.com/RSOSKA
¢ Watt Saver Solution for Chargers, at www.freescale.com/WattSaver

7 Revision history
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