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1 Introduction

The power consumption of devices and the implications
around designing for low power are common topics
currently.

Freescale offers solutions with energy efficient products
that can help you achieve the power consumption needed
for your application.

This application note will guide you to achieve the
available power consumption modes on the Kinetis
family processors.

It is important to indicate that this application note is
based on the Kinetis 50 MHz devices, so some low
power modes might not be available in all the Kinetis
family of devices this is indicated in the corresponding
chapter.
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Low power overview and best practices

2 Low power overview and best practices

There are many reasons why a designer of an embedded system is increasingly striving to stay within tight
power consumption budgets.

One reason is money, having a portable device with a poor battery life can be the cause of losing in the
market against more power efficient competitors.

There are other applications in which money goes to second term, like medical devices that are implanted
in a patient’s body. This device needs to run for years on battery life, replacing the battery means taking
the patient to surgery, so in this scenario an efficient power solution is critical.

A low power design should take into consideration the tradeoff between power consumption and
performance, and use every possible feature provided by the device to accomplish the best results.

Both software and hardware designers should be involved in a power efficient design, and estimate the application’s
power needs early in the planning stage to avoid any late redesigns.
Tips and tricks to consider when designing for low power:

» Set the pins to a known state:
For the Kinetis family it is recommended to leave unused pines floating and configure them as disabled.

» Select and configure the desired clock mode.
Keep in mind that higher core frequency means higher power consumption.

* Higher operating temperature increases power consumption.
» Disable clock to all unused modules
*  Clock monitor output and debug enabled will increase power consumption and must be avoided.

In the following chapters we will study in detail each of the modules involved in the microcontroller
operation and its correlation with the low power modes available in the Kinetis family.

3 System Clock Generation

The Kinetis family features a Multipurpose Clock Generator (MCG) module capable of using an external
(System oscillator, RTC oscillator) or an internal source to generate the system clock.

In Figure 1 we can view the dependencies among these modules:
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Figure 1. MCG Configuration

The system oscillator and the RTC oscillator are the external sources that you can use to feed the MCG.

The OSC module is a crystal oscillator. The module, in conjunction with an external crystal or resonator,
generates a reference clock for the MCU.

The RTC oscillator module provides the clock source for the RTC. The RTC oscillator module, in
conjunction with an external crystal, generates a reference clock for the RTC.

In addition you have the option of selecting between two internal reference clocks as the input source for
the MCG as follows:
* Slow IRC (32 kHz) and Fast IRC (4 MHz)

These internal clocks are part of the MCG module.

The MCG module controls which clock source is used to derive the system clocks. The clock generation
logic divides the selected clock source into a variety of clock domains, including the clocks for the system
bus masters, system bus slaves, and flash memory.

In summary there are 4 input clock sources that can be used as the clock generator for the microcontroller,
you should select the source depending on the requirements of your application.
Module dependencies:

* All modules are dependent on the MCG for one or more of their clocks

*  Oscillator module relies on the MCG for the control signals.

*  The oscillator must be set up correctly, from within the MCG, before it is used

* System clock dividers must be setup before increasing the MCGOUT frequency to ensure the maximum
clock rate is not exceeded.

Using Low Power modes on Kinetis family, Rev. 0
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System Clock Generation

MCAG is powered in all low power modes except very low leakage stop modes.
Crystal oscillator pins are XTAL and EXTAL by default out of reset.
There is no clock gating associated with the MCG module itself.

There are in total 9 different modes of operation for the MCG: FEI, FEE, FBI, FBE, PBE, PEE, BLPI,
BLPE, and Stop.

In the following chapter you can view important details of the system clock setup in the different low
power modes.

For more details in each specific module you can refer to the device Reference Manual.

3.1

Functionality of the system clock in low power modes

STOP - Normal Stop Mode

— Can enter STOP from any MCG mode

— Can optionally keep the PLL enabled but the output will be gated off - CS[PLLSTEN]
— Can optionally keep the internal reference clock enabled — C1[IREFSTEN]

— Can optionally keep the external reference clock enabled — OSC CR[EREFSTEN]
— Will exit STOP in the same MCG mode when STOP was entered

— The exception to this if STOP is entered when in PEE mode and PLLSTEN=O0, in this case
the MCG will be in PBE mode when STOP is exited

VLPR — Very Low Power Run Mode

— Can enter VLPR from BLPI mode with the fast IRC selected.

— Can enter VLPR from BLPE mode if the external clock is 4 MHz max.

— Will exit VLPR in the same MCG mode when VLPR was entered (BLPI or BLPE)
VLPW — Very Low Power Wait Mode

— Can enter VLPW from BLPI mode with the fast IRC selected.

— Can enter VLPW from BLPE mode if the external clock is 4 MHz max.

— Will exit VLPW in the same MCG mode when VLPW was entered (BLPI or BLPE)
— Can optionally keep the external reference clock enabled (4 MHz max.)

VLPS — Very Low Power Stop

— Can enter VLPS from any MCG mode

— Can optionally keep the external reference clock enabled (4 MHz max.)

— MCAG is static with no clocks active (IREFSTEN and PLLSTEN have no effect)
— Will exit VLPS in the same MCG mode when VLPS was entered

— The exception to this if VLPS is entered when in PEE mode, in this case the MCG will be
in PBE mode when VLPS is exited

LLS — Low Leakage Stop
— Can enter LLS from any MCG mode

Using Low Power modes on Kinetis family, Rev. 0
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Description and usage of low power modes

— Can optionally keep the external reference clock enabled in low range and low power oscillator
mode (32 kHz)

— MCAG is static with no clocks active (IREFSTEN and PLLSTEN have no effect)
— Will exit LLS in the same MCG mode when LLS was entered

— The exception to this if LLS is entered when in PEE mode, in this case the MCG will be in
PBE mode when LLS is exited

VLLSO0/1/2/3 — Very Low Leakage Stop

— Can enter VLLSx from any MCG mode

— MCG is off, no clocks active, register states are not maintained
— Will exit in FEI mode (reset state)

— Can optionally keep the external reference clock enabled in low range and low power oscillator
mode (32 kHz). Must reconfigure the oscillator before clearing the ACKISO bit.

Description and usage of low power modes

The operating modes described in this chapter apply for the Kinetis family devices.

The available modes of operation are the following:

Run

Wait

Stop

VLPR (Very Low Power Run)
VLPW (Very Low Power Wait)
VLPS (Very Low Power Stop)
LLS (Low Leakage Stop)

VLLS3 (Very Low Leakage Stop3)
VLLS2 (Very Low Leakage Stop2)
VLLSI (Very Low Leakage Stop1)
VLLSO (Very Low Leakage Stop0) !
BAT (Backup battery only)

In this chapter we will discuss details about all modes of operation relevant to the topic of this application note. That
is all modes except the Run and BAT.

NOTE

For a full description of the operating modes refer to the device reference
manual, search for chapter “Power modes”.

1. This mode of operation is present only in the 50 MHz devices. It has two modes of operation: Power On reset detect circuit
enabled or disabled.

Using Low Power modes on Kinetis family, Rev. 0

Freescale Semiconductor



Description and usage of low power modes

4.1

Run mode

This is the default mode out of reset.

Allows maximum performance of the chip.

Mode of operation details:

4.2

Selected after any Reset

On chip voltage regulator is on, full capability

Stack pointer (SP), Program Counter (PC) and link register are set
ARM processor exits reset and reads the start SP

ARM processor reads the start PC from vector table

Reduce power by clearing clock gating bits in SCGCx

Wait mode

Allows peripherals to function while the core is in sleep mode, reducing power.

NVIC remains sensitive to interrupts; peripherals continue to be clocked.

Mode of operation details:

4.3

ARM core enters Sleep Mode

ARM core is clock gated (HCLK = OFF)

NVIC remains sensitive to interrupts (FCLK = ON)

Peripherals continue to be clocked

Reduce power by clearing clock gating bits in SCGCx

On interrupt the ARM core exits Sleep Mode: Resume processing

Table 1. How to enter Wait mode

From To Trigger conditions

Run Wait Execute WAIT( ); - This
means

that sleep-now or
sleep-on-exit

modes entered with

SLEEPDEEP clear

Wait Run Interrupt or Reset

Stop mode

Places chip in static state. Lowest power mode that retains all registers while maintaining LVD protection.
NVIC is disabled; AWIC is used to wake up from interrupt; peripheral clocks are stopped.

Mode of operation details:

ARM core enters DeepSleep Mode
ARM core is clock gated (HCLK = OFF)

Using Low Power modes on Kinetis family, Rev. 0
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Description and usage of low power modes

NVIC is disable (FCLK = OFF)

WIC is used to wake up from interruptions

Platform and peripheral clock are stopped

MCG module can be configured to leave reference clocks running
All SRAM is operating (content retained and I/O states held)

Table 2. How to enter Stop mode

From To Trigger Conditions

Run Stop Execute STOP( ); This
means

that sleep-now or
sleep-on-exit

modes entered with
SLEEPDEEP set

Stop Run Interrupt or Reset — Interrupt
goes to ISR (no LLWU)

VLPR (Very Low Power Run)

On-chip voltage regulator is in a low power mode that supplies only enough power to run the chip at a
reduced frequency. Reduced frequency Flash access mode (1 MHz); LVD off; internal oscillator provides
a low power 4 MHz source for the core, the bus and the peripheral clocks.

Mode of operation details:

On chip voltage regulator is in a mode that supplies only enough power to run the MCU in a
reduced frequency

Core and Bus clock limited to 4Mhz

Flash frequency limited to 1Mhz

Reduce power by clearing clock gating bits in SCGCx
Flash programming and erasing is not allowed
FlexMemory (EEPROM) programming is not allowed
Clock Monitor:

— CMEO and CMEI1 should also be set to a logic 0 before entering VLPR or VLPW power modes
if the MCG is in BLPE mode.

Using Low Power modes on Kinetis family, Rev. 0
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Description and usage of low power modes

Table 3. How to enter VLPR mode

From To Trigger Conditions

Run VLPR Reduce system bus and

core frequency to 2 MHz or

less

Flash access frequency

limited to

1 MHz, AVLP =1

Set RUNM = 10

Note: Poll VLPRS bit before
executing VLPR
specific code

(You can wait ~5 ls

instead of waiting for

VLPRS)

VLPR Run Set RUNM = 00 or Interrupt

with LPWUI = 1 or Reset

Note: Poll REGONS bit
before increasing
frequency.

4.5 VLPW (Very Low Power Wait)

Same as VLPR but with the core in sleep mode to further reduce power; NVIC remains sensitive to
interrupts (FCLK = ON). On-chip voltage regulator is in a low power mode that supplies only enough
power to run the chip at a reduced frequency.
Mode of operation details:

* ARM core enters Sleep Mode

* ARM core is clock gated (HCLK = OFF)

* NVIC remains sensitive to interrupts (FCLK = ON)

* On chip voltage regulator is in a mode that supplies only enough power to run the MCU in a
reduced frequency

* System and Bus clock limited to 4Mhz
* Reduce power by clearing clock gating bits in SCGCx
* Clock Monitor:

— CMEO and CMEI should also be set to a logic 0 before entering VLPR or VLPW power modes
if the MCG is in BLPE mode.

Using Low Power modes on Kinetis family, Rev. 0
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Description and usage of low power modes

Table 4. How to enter VLPW mode

From To Trigger Conditions
VLPR VLPW Execute WAIT( );
VLPW VLPR Interrupt with LPWUI =0
VLPW RUN Interrupt with LPWUI = 1 or
Reset

46 VLPS (Very Low Power Stop)

Places chip in static state with LVD operation off. Lowest power mode with ADC and pin interrupts
functional. Peripheral clocks are stopped, but LPTimer, RTC, CMP, TSI can be used. NVIC is disabled
(FCLK =OFF), AWIC is used to wake up from interrupt.

On-chip voltage regulator is in a low power mode that supplies only enough power to run the chip at a
reduced frequency. All SRAM is operating (content retained and I/O states held).
Mode of operation details:

* ARM core enters DeepSleep Mode

* ARM core is clock gated (HCLK = OFF)

* NVIC is disable (FCLK = OFF)

*  WIC is used to wake up from interruptions

» Platform and peripheral clock are stopped

*  MCG module can be configured to leave reference clocks running

* On chip voltage regulator is in a mode that supplies only enough power to run the MCU in a
reduced frequency

» All SRAM is operating (content retained and 1/O states held)
Table 5. How to enter VLPS mode

From To Trigger Conditions

VLPR VLPS STOPM = 000 or 010,
execute STOP();

VLPS VLPR Interrupt with LPWUI = 0

RUN VLPS AVLP=1, STOPM =010,
execute STOP( );

VLPS RUN Interrupt with LPWUI= 1 or
Reset

4.7 LLS (Low Leakage Stop)

State retention power mode. Most peripherals are in state retention mode (with clocks stopped), but
LLWU, LPTimer, RTC, CMP, TSI can be used. NVIC is disabled, LLWU is used to wake up.

Using Low Power modes on Kinetis family, Rev. 0
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Description and usage of low power modes

NOTE

The LLWU interrupt must not be masked by the interrupt controller to avoid
a scenario where the system does not fully exit stop mode on an LLS
recovery.

All SRAM is operating (content retained and I/O states held).

Mode of operation details:

4.8

ARM core enters Deep Sleep Mode

ARM core is clock gated (HCLK = OFF)

NVIC is disable (FCLK = OFF)

LLWU is used to wake up from interruptions

Platform and peripheral clock are stopped

MCG module can be configured to leave reference clocks running

On chip voltage regulator is in a mode that supplies only enough power to run the MCU in a
reduced frequency

All SRAM is operating (content retained and 1/O states held)
Most of peripherals are in state retention mode (cannot operate)
Table 6. How to enter LLS mode

From To Trigger Conditions

Run LLS Set ALLS in PMPROT,
PMCTRL_STOPM = 011,
Execute STOP( );

LLS Run Wakeup from enabled LLWU
pin or module source or
Reset pin

VLPR LLS Set ALLS in PMPROT,

PMCTRL_STOPM = 011,
Execute STOP( );

VLLS3 (Very Low Leakage Stop3)

Most peripherals are disabled (with clocks stopped), but LLWU, LPTimer, RTC, CMP, TSI can be used.
NVIC is disabled, LLWU is used to wake up. SRAM U and SRAM_L remain powered on (content
retained and I/O states held).

Mode of operation details:

ARM core enters SleepDeep Mode

ARM core is clock gated (HCLK = OFF)

NVIC is disable (FCLK = OFF)

LLWU should configure by user to enable the desire wake up source
Platform and peripheral clock are stopped

MCG module can be configured to leave reference clocks running

Using Low Power modes on Kinetis family, Rev. 0
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Description and usage of low power modes

* On chip voltage regulator is in a mode that supplies only enough power to run the MCU in a
reduced frequency

* All SRAM is operating (content retained and 1/O states held)
*  Most modules are disabled

Table 7. How to enter VLLS3 mode

From To Trigger Conditions

Run VLLS (3,2,1,0) Set AVLLSx in PMPROT,
PMCTRL_STOPM = 100
VLLSM = 011 for VLLS3,
010 for VLLS2, 001 for
VLLS1, 000 for VLLSO
Note: For VLLSO you must
set or clear PORPO to
disable or enable
(respectively) the
POR detect circuit.
Execute STOP( );

VLLS (3,2,1,0) Run Wakeup from enabled LLWU
input source or Reset. All
wakeup goes through Reset
sequence. Check SRS for
source of wakeup. Check
VLLSM for mode

VLPR VLLS(3,2,1,0) Set AVLLSx in PMPROT,
PMCTRL_STOPM = 100
VLLSM = 011 for VLLS3,
010 =for VLLS2, 001 for
VLLS1, 000 for VLLSO
Note: For VLLSO you must
setorclear PORPO to
disable or enable
(respectively) the
POR detect circuit.
Execute STOP( );

49 VLLS2 (Very Slow Leakage Stop2)

Most peripherals are disabled (with clocks stopped), but LLWU, LPTimer, RTC, CMP, TSI can be used.
NVIC is disabled; LLWU is used to wake up.

SRAM_L is powered off. A portion of SRAM U remains powered on (content retained and /O states
held).
Mode of operation details:

* ARM core enters SleepDeep Mode

* ARM core is clock gated (HCLK = OFF)

* NVIC s disable (FCLK = OFF)

* LLWU should configure by user to enable the desire wake up source

* Platform and peripheral clock are stopped

Using Low Power modes on Kinetis family, Rev. 0
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Description and usage of low power modes

*  MCG module can be configured to leave reference clocks running

*  On chip voltage regulator is in a mode that supplies only enough power to run the MCU in a
reduced frequency

*  Only partial SRAM is operating (content retained and I/O state held)
*  Most modules are disabled
Table 8. How to enter VLLS2 mode

From To Trigger Conditions

Run VLLS (3,2,1,0) Set AVLLSx in PMPROT,
PMCTRL_STOPM =100
VLLSM = 011 for VLLS3,
010 for VLLS2, 001 for
VLLS1, 000 for VLLSO
Note: For VLLSO0 you must
setor clear PORPO to
disable or enable
(respectively) the
POR detect circuit.
Execute STOP( );

VLLS(3,2,1,0) Run Wakeup from enabled LLWU
input source or Reset. All
wakeup goes through Reset
sequence. Check SRS for
source of wakeup. Check
VLLSM for mode

VLPR VLLS(3,2,1,0) Set AVLLSx in PMPROT,
PMCTRL_STOPM = 100
VLLSM = 011 for VLLS3,
010 for VLLSZ2, 001 for
VLLS1, 000 for VLLSO
Note: For VLLSO you must
setor clear PORPO to
disable or enable
(respectively) the
POR detect circuit.
Execute STOP( );

410 VLLS1 (Very Low Leakage Stop1)

Most peripherals are disabled (with clocks stopped), but LLWU, LPTimer, RTC, CMP, TSI can be used.
NVIC is disabled; LLWU is used to wake up.

All of SRAM_U and SRAM L are powered off. The 32-byte system register file and the 32-byte VBAT
register file remain powered for customer-critical data.
Mode of operation details:

* ARM core enters SleepDeep Mode

* ARM core is clock gated (HCLK = OFF)

* NVIC s disable (FCLK = OFF)

* LLWU should configure by user to enable the desire wake up source

Using Low Power modes on Kinetis family, Rev. 0
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4.11

Platform and peripheral clock are stopped

Description and usage of low power modes

MCG module can be configured to leave reference clocks running

On chip voltage regulator is in a mode that supplies only enough power to run the MCU in a

reduced frequency

All SRAM is powered down, only 32 byte register content retained and I/O states held
Most modules are disabled

Table 9. How to enter VLLS1 mode

From

To

Trigger Conditions

Run

VLLS (3,2,1,0)

Set AVLLSx in PMPROT,
PMCTRL_STOPM = 100
VLLSM = 011 for VLLS3,
010 for VLLS2, 001 for
VLLS1, 000 for VLLSO
Note: For VLLSO you must
setor clear PORPO to
disable or enable
(respectively) the
POR detect circuit.
Execute STOP( );

VLLS(3,2,1,0)

Run

Wakeup from enabled LLWU
input source or Reset. All
wakeup goes through Reset
sequence. Check SRS for
source of wakeup. Check
VLLSM for mode.

VLPR

VLLS (3,2,1,0)

Set AVLLSx in PMPROT,
PMCTRL_STOPM = 100
VLLSM = 011 for VLLS3,
010 for VLLS2, 001 for
VLLS1, 000 for VLLSO
Note: For VLLSO0 you must
setor clear PORPO to
disable or enable
(respectively) the
POR detect circuit.
Execute STOP( );

VLLSO (Very Low Leakage Stop0)

LLWU, RTC. All SRAM powered off.

Mode of operation details:

ARM core enters SleepDeep Mode
ARM core is clock gated (HCLK = OFF)
NVIC is disabled (FCLK = OFF)

LLWU should configure by user to enable the desire wake up source

Platform and peripheral clocks are stopped

Using Low Power modes on Kinetis family, Rev. 0
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Module operation in Low Power modes

*  MCG module can be configured to leave reference clocks running

*  On chip voltage regulator is in a mode that supplies only enough power to run the MCU in a reduced
frequency

* All SRAM powered off.
*  Most modules are disabled except LLWU and RTC
Table 10. How to enter VLLS0 mode

From To Trigger Conditions

Run VLLS (3,2,1,0) Set AVLLSx in PMPROT,

PMCTRL_STOPM = 100

VLLSM = 011 for VLLS3,

010 for VLLS2, 001 for

VLLS1, 000

for VLLSO

Note: For VLLSO you must
set or clear PORPO to
disable or enable
(respectively) the
POR detect circuit.
Execute STOP( );

VLLS (3,2,1,0) Run Wakeup from enabled LLWU
input source or Reset. All
wakeup goes through Reset
sequence. Check SRS for
source of wakeup. Check
VLLSM for mode.

VLPR VLLS (3,2,1,0) Set AVLLSx in PMPROT,
PMCTRL_STOPM = 100
VLLSM = 011 for VLLS3,
010 for VLLS2, 001 for
VLLS1, 000 for VLLSO
Note: For VLLSO you must
setorclear PORPO to
disable or enable
(respectively) the
POR detect circuit.
Execute STOP( );

5 Module operation in Low Power modes

In this chapter we can view the microcontroller’s module status among the different power modes.

In order to choose the most proper low power mode for your application you must first make a list of the
modules that need to be enabled.

The following table is useful to decide what low power mode your application should enter based on the
modules that you require to be enabled.

Meaning of the terms used in the table:

» FF: Full functionality

Using Low Power modes on Kinetis family, Rev. 0
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Module operation in Low Power modes

» Static: Module register states and associated memories are retained

* Powered: Memory is powered to retain contents

* Low power: Flash has a low power state that retains configuration registers to support faster

wakeup

*  Off: Modules are powered off; module is in reset state upon wakeup

*  Wakeup: Modules can serve as a wakeup source for the chip

For further details you can refer to the device Reference Manual, chapter “Module Operation in Low

Power Modes”.

Modules Stop | vipR | wvpw | vLPs s | viisx
Core modules
NVIG sate | FF | FF | fame saic | OFF
Syetom modules
Mode Controller FF FF FF FF FF FF
LLwu!' siatic static statlc stalic FF FF?
Fegulator OonN low power low power low power low power low power in
VLLS2/3, OFF
in VLLSOM
LvD ON disabled disabled disabled disabled disaiied
Brown-out on ON oM ON ON ON in
Detoction VLLS1/2/3,
opticnally
disabled in
VLLSC®
CMA static FF FF static static OFF
Watchoog FF FF FF FF static OFF
EWM static FF static static static OFF
Clocks
1KHZ LPO on ON ON ON ON oNn
VLLS1/273, OFF
inVLLSO
System OSCERCLK CSCERCLK QSCERCLK QOSCERCLK limited fo low limited to low
osGillakor (OSC) optional max of 4MHZ max o 4MHZ max of 4MHz rangetow rangedow
crystal crystal crystal power power in
VLLS1/2/3, OFF
N VLLSO
MCG static - 4 MHz IRC 4 MHz IRC static - no clock | static - no clock QFF
MCGIRCLK output output
oplional; PLL
optionally on
but gated
Cora clock OFF 4 MHz max OFF OFF OFF OFF
System clock OFF 4 MHz max 4 MHz max OFF OFF OFF
Bus clock OFF 4 MHz max 4 MHz max OFF OFF OFF

Using Low Power modes on Kinetis family, Rev. 0
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Module operation in Low Power modes

Modules Stop VLPR VLPW VLPS LLS VLLSx
Flash powered 1 MHz max low power low power OFF CFF
Access - N
pgm
Portion of low power low powear low power low powear low power low power in
SRAM_LA VLLS3.2
Remaining low power low power low power low power low power low power in
SRAM_U and VLLE3
all of SRAM L
FlexMamony low power low power® low power oW powear low power OFF
Reglstar tiles® powared powered powared powerad powered powerad
EzFort disabled disabled disabled disabled disabled disabled
LUSB FSILS static static static stafic static OFF
USB DCD static FF FF static static CFF
USB Voltage oplional opticnal optional opticnal optional optional
FRegulator
LUART stafic, wakeup 125 kbps 125 kbps static, wakalp Static OFF
on edge on edge
SPI static 1 Mbps 1 Mbps static static CFF
o static, aodress 100 kbps 100 kbps slatic. address static CFF
mach wakeup match wakeup
15 FF with axtarnal FF FF FF with external static OFF
clock? clock”
CRC stalic FF FF static static OFF

Using Low Power modes on Kinetis family, Rev. 0
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Allowed power mode transitions

Timers
FTM static FF FF statie static OFF
AT static FF FF static slatic OFF
POB slalic FF FF stallc statc COFF
LPTMR FF FF FF FF FF FFE
RTC - 32kHz FF FF FF FF FF FF
osch
CMT static FF FF static static OFF
Analog
168-bit ADC ADG Intemal FF FF ADC Intemal stanc OFF
clock onty ciOck only
CMP? HSeorlS FF FF HS or LS LS compars LS compare in
COMmpans CoOmpars VLLS1/2/3, OFF
in VLLEO
&-bit DAC static FF FF static static static
VREF EF FF FF FF static OFF
Human-machine Inlerfaces
GPIO wakeup FF FF waksup static, pins QFF, pins
latched latched
TSI wakeup FF FF wakeup wakeup'® wakeup'™ '

Figure 2. Module operation in low power modes

. Using the LLWU module, the external pins available for this chip do not require the associated peripheral function to be

enabled. It only requires the function controlling the pin (GPIO or peripheral) to be configured as an input to allow a transition
to occur to the LLWU.

. Since LPO clock source is disabled, filters will be bypassed during VLLSO.

. The VLLSCTRL[PORPQ] bit in the SMC module controls this option.

. A 8 KB portion of SRAM_U block is left powered on in low power mode VLLS2.

. FlexRAM enabled as EEPROM is not writable in VLPR and writes are ignored. Read accesses to FlexRAM as EEPROM while

in VLPR are allowed. There are no access restrictions for FlexRAM configured as traditional RAM.

. These components remain powered in BAT power mode.

. Use an externally generated bit clock or an externally generated audio master clock (including EXTAL).

. System OSC and LPO clock sources are not available in VLLSO.

. CMP in Stop or VLPS supports high speed or low speed external pin to pin or external pin to DAC compares. CMP in LLS or

VLLSx only supports low speed external pin to pin or external pin to DAC compares. Windowed, sampled & filtered modes of
operation are not available while in stop, VLPS, LLS, or VLLSx modes.

10. TSI wakeup from LLS and VLLSx modes is limited to a single selectable pin.
11. System OSC and LPO clock sources are not available in VLLSO.

6

Allowed power mode transitions

This chapter is a brief overview of the allowed power mode transitions. It is important to keep in mind that
there are restrictions for switch among all power modes.

The following figure is intended to help you visualize the power mode transitions allowed:

Using Low Power modes on Kinetis family, Rev. 0
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Allowed power mode transitions

Any resat

Figure 3. Power mode state transition diagram

As given in the figure above not all mode transitions are allowed, for example if the device is in VLLSx
mode and you want to change to Stop mode you must first bring back the device to Run mode and then
switch to Stop mode.

Any reset always brings the chip back to the normal run state.

For more details refer to chapter “Power mode transitions” in the device Reference Manual.
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7 Demo to enter power modes

In this chapter we will review the necessary conditions to enter the available power modes based on the
demo software.

The objective of this demo is to get familiar with the steps needed to enter the available power modes in
the Kinetis family of devices.

It is important to clarify that this demo uses only one mode to exit from any operation mode, but there are
many ways to exit from any given operation mode as previously explained in this document.

This demo is prepared to run on TWR-K20D50M with a K20DX 128 device.

Low Power exit modes:

External pin SW2 has been enabled to wake up via the LLWU from any LLS and VLLSx mode, all wakeup
interrupts from these modes must go through LLWU _ISR.

All other modes (non-leakage) can be taken out of low power mode via an interrupt from any of the
available port enabled pins, in the case of this demo that is SW2 or SW3.
The following is required:

1. TAR Embedded Workbench for ARM v6.30 or CodeWarrior MCU V10.1 (with MCU 10.1 Kinetis
50MHz Service Pack installed)

2. TWR-K20D50M tower board.

3. P&E OSBDM OSJTAG Virtual Serial Toolkit.
You can download it from the following site:

http://www.pemicro.com/osbdm/index.cfm

4. Demo project: “low_power demo”.

This toolkit contains the P&E terminal utility that you need to visualize the menu options via serial over
USB.

Before running the demo you need to configure your IDE to the proper settings depending on the
programming/debugging interface that you will use.

NOTE

If your preferred debug interface is already installed you can disregard the
following section and go directly to chapter 7.2 “Steps to run the demo”.

71 Flash programming and debugging settings

In this section we indicate the settings needed to program and debug you application into the Kinetis board
using IAR or CodeWarrior IDEs with any of the following debug interfaces: OSITAG, P&E Multilink,
Segger J-Link.

IAR and OSJTAG/P&E Multilink

Flashloader FlashK20Xxxx must be used for these connections.

Using Low Power modes on Kinetis family, Rev. 0
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Unzip iar_FlashK20Xxxx_8k_ram.zip located in the demo project zip file and follow the instructions
below.

1. Place all of the files in this zip (except “readme.txt”) in your /4R Systems\Embedded
Workbench.6.0 x\arm\config\flashloader\Freescale folder

NOTE

This applies for the current IAR version IAR 6.30.4, for newer versions
these steps will not be necessary.

2. Open your IAR workspace file and select a flash configuration for the project
a) Open IAR Embedded Workbench IDE.
b) Open the low power demo workspace.

To do this you can drag and drop the “low_power demo.eww” located on the following path:

{Demo Installation path}\build\iar\low power demo
3. In the project options select Debugger->Download.

>~ low_power_demo - IAR Embedded Workbench IDE

File Edit View Project Tools Window Help

D@ & L BR|lo o v $
Ll - X | common.h |io.c
FLASH_12BKB_PFLASH I
' = s~ R A‘ # Notes:
=lm |/low_power_demo_tower- FLASH_128. M 4 -
503 oo e

Figure 4.

4. Check the "Use flash loader(s)" box.
5. Check the "Override default .board file box".

6. Provide the path to the FlashK20Xxxx.board file. This will be given as follows:
$TOOLKIT_DIRS$\config\flashloader\Freescale\FlashK20Xxxx.board.

Using Low Power modes on Kinetis family, Rev. 0
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Categony:

General Options
Z/C++ Compiler
Assembler
Ouktput Converker
Zuskarn Buid
Euild actions
Linker

Sirnulator

anogel

GOE Server

IAR. RiOM-rnonibar
J-Linkj3-Trace

TI Stellaris
Macraigar

PE micro

RDI

ITAGjEt

ST-LIME
Third-Party Driver
TI ¥D3100

Factory Seitings

Seyp | Download | Images || Extra Options || F‘Iugin3|

[] atrach toprogram

Wenfy download
[ Supprezs download
Use flazh loader)
Overrde default board file
thooafinhflazhloadersFreescalehFlashi 20w board | E]

Edt...

ok | [ Canecel

Figure 5.

7. On debugger select driver PE_micro.

Cateqgary:

General Options
CliZ4+ Compiler
Azsembler
Cubpuk Converker
Custom Build
Build Actions
Linker

Sirnulator

Angel

GDE Server

1AR ROM-rmonitar
I-Linkf1-Trace

TI Sellaris
Macraigar

PE micro

RDI

ITAGjet

Factory Seitings

Setup l Download “ Images “ Extra Options " Plugins]

Drrivver Bunto
| S Imain ]

Setup macros

[] Use macio fik(s)

| [#
| B

Device dezcripticn file

[] Dvernide default

|!EZT[II:IU3.IT_D REACOMFIG Wdebugger\Freescaletiok 20

Figure 6.
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8. To program and debug the application click on the debug icon.

v/ ED»@H BEVHS B LD

mmon.h |io.c | tower.h | arm_cmd.c | smc.c | write.c | pmc.c | meg.c

emo.c |uart.c | crt

* Notes:
L4

Figure 7.
9. Verify that the program was successfully downloaded.

Fl= Ecic Vew Froject Debug Dsassemoly  ITAS Took  Window Help
Do & 5 BR o
SeEdaEB =X

B
o —————— Sop Dt
FLASH_120KB_PFLACH - clk hz:

Bl i B eogberm int woy cli _Ehe:
exterm int core_clk_kh=;

v_r"i Ym0 GRS b

B Flow_power..

1 common P

l_;III!LI * Dafipikion of module wids (CONST-) COMETANT= - MOT for we= in cthar sodulas

[ drivers y
[l

7 platorms K

[ project & Code of proyect wide FINCTIONS

Ll samihosting 5
3 Owipudt

|HFant wain (vorm
1

#1ifdef FEIL
scart():

#endif
A*Disable Clock Cuby
PORTC_BCRS =  PORT_PCR_MUACOY|;

| los_pose_demo_bowen JﬁlD F ;

Lo

rl [
Fri Jan 20, 2012 18:41:53: Targst reset
My FriJan 20,2012 18:42:05 Skipping flash loading pass beceuse thara is no detein the designated range: Dx10000000-0< IFFFFFF,
Fri Jan 20, 2012 18:42:05: Dowrlondac DHProdiles\BERZ 4T\ Deslkop PI_Sample\buildyer)ow_powsr_dermotFLASH_128EE_PFLASHYExs) cw_pomsr_ds
Fri Jan 20, 2012 19:42:1 0: 13392 bytes downloaded irdo FLASH and venfisd [1.61 Floes/sec)
Fri dan 20, 2012 158:42:1 0 Loaded detwges: DAFroliles\ 822249000 eskiop \F_Sarmpleybuilcfas ow_power_cdemolFLASH_128KE_FFLASHE e oo
Fri dan 20, 2012 18427 00 CFL eset by detuoner
Fri Jan 20. 2012 18:42:10

Figure 8.
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10. At this point we have successfully downloaded the application, now we need to exit and close the
debugger by clicking on the X mark as shown in the following screen below:

- low_power_demo - JAR Embedded Workbench IDE

Fie Edic e Project Debug Disassemble JTAG Took  Wndow  Help
DI}'"ESﬁ:Z* 3.%@%} =T -

g l{f h:
S 82382 X dem———— Stopdebugging
x
e Stop Debuggng
FLASH_128KE_FFLASH X EEFT TR, o1k he;

i G e e B NR0E S ok ob

Filas e B2 extern int weg ol kho:

extern int core clk khz;
B low_power... + =R
_EI—ICEImmDn “/.ﬁ&AJ&-G&.‘.’AJ&.ﬁ&A64}&1&&&44&‘-‘44&.&&‘&4‘&‘4&‘&4‘d‘A-J&.ﬁAddA-.}&.ﬁ‘Ai&.k'&‘&AJ&A‘.‘&AJ&“‘&&&&*‘A-

Hepu # Definition of module wide [CONST-) CONSTANTE — NOT for use in other modules
O drivers PRI EFEFEFFFF A EFF S EF R EFEEIF S I FF I EFEFEF S FF I EF S EF A EFEEF S EF S F I EFEFEF A
CIIAR
ljp|8.l1l:ll‘m9 /iﬂ&-AJ\Gdi&iﬂGAiﬁi&A65.}&iﬂ&-d‘Ai&-(EAJAJﬁ-“a{id}‘ﬂi&diﬁi&ﬂ&iﬂd-.}&iﬂ&-dJﬁn’ﬁ&&é&ﬁdﬂid‘&li&-ﬁ‘iﬂ‘iﬁﬁ‘d-
FE O project * Code of project wide ILNCIICNS
= [ semih DS1ir'|g EE e e T L e
1 Ot
Srint nain |woid)
[

Figure 9.

NOTE

The purpose of stopping the debug session is due to higher current
consumption measurements when the debugger is active.

IAR and J-link

For proper operation you must use: J-Link DLL V4.36i

You can download it from the following site:
http://www.segger.com/jlink-software.html?step=1&file=JLink 436kl

IAR must be configured as follows:

1. Open your IAR workspace file and select a flash configuration for the project.
2. Open IAR Embedded Workbench IDE.

3. Open the low _power demo workspace.

To do this you can drag and drop the “low _power demo.eww” located on the following path:

{Demo Installation path}\build\iar\low _power demo

4. In the project options select General options.
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fI low_power_demo - IAR Embedded Workbench IDE
File Edit View Project Tools Window Help

Dedd@E sBRo | vl Y
Llfioese: | common.h |io.c
FLASH_128KB_PFLASH I
Files £x O A # Notes:
- power_demo_tower - FLASH 128 *
-6 C3 common [ optors.. |
Figure 10.

5. Select Device MK20DX128xxx5 on the project options as shown below:

Categony:

aral Cipkicns

CJC4+ Compilesr
&ssernbler

Cbput Converter
Cuskom Build

Build Actions
Linker

Debucger ) Core Ciovhes-td4

Target ||:Iu|:pu|: " Librane Conliguration || Library Dptin:msl MISRAC:200 £ ¥

Praceazzar variant

Simulator
fingel () Device: | Freescale MK20DK1 2Busd | El
GDE Server

TAR ROM-rnmikne

Figure 11.

6. In the Debugger category: Uncheck “Use flash loaders”.

Using Low Power modes on Kinetis family, Rev. 0

24 Freescale Semiconductor



Demo to enter power modes

Categon: Factary Settings

General dpkions
CIC++ Compiler

Assembler
Otk Canverter Setup | Download | Images || Eutra Optionz || F'Iugin$|
Cuszom Build
Build Achons
Linksy Werify dowrload
Debugger [] 5uppress download
Simulatar
Arael [] Uze flezh loader|s)
GOE Server Override default board file
LAR RoM-monitce | $TOOLEIT_DIR$confighlashibader Fresscale\Flas
J-linkf1-Trace
TI 3tellaris Edit..
Macraigor
PE micro
Figure 12.

7. In J-link/J-trace Connection window: Select JTAG interface.

Belzmn [ Factary Settngs ]
General Options
C/C++ Compiler
Assambler —
Output Converter Setup = Connection | Breakpoints
Custom Build Communication
Build Actions t&)‘uﬁﬂx Device 0 w ] ’7‘
Linker :
Debugger (O ICPAP: addr
Sirnulator F address aaa.bbb. coc.ddd | Senal no |:|
angel
GDB Server Interface JTAG scan chain
1AR ROM-monitor ® JTAG [C]UTAG scan chain with multiple targets
J-LinkjJ-Trace - T s
TI Stellaris O 5wD ) : .
Macraigor Scan chain contans non-AR kM devices
PE micro ding ’
RDI :
ITAGjet [ ] Log communication
ST-LINK I P —— }
Third-Party Driver
TT VM1 M
Figure 13.

8. To program and debug the application click on the debug icon.
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e A 1-LEX - EIEE- T W Y]

common.h |io.c | tower.h | arm_cmd.c | sme.c | write.c |pme.c | meg.c B
*
* Notes:
*

'

Bownload and eug

emo.c | uart.c |crt0.s

Figure 14.

9. Verify that the program was successfully downloaded.

Herno - IAR Embedded Workbench IDE

Tojeck Debug  Disassembly  JTAG  Took  Window  Hel

= " A — ~° oom -
EIEY A M E e 2 E 0 TR S o
it | R
w0 HE
C =
Stop Debuggng
LASH V| extern 1 wey clk he;
£ HE extern int wcg clk_EhE:
14 -
extern int core clk khz:
‘2r... - -
n {*x::x:::e:e:e:e:e:e:!:e:e:e:e:e:e:-:-:-:-:-ttrtt****x:x:::&:&::&::e:e:e:e:!:e:e:e:e:r:r:-:r:ttttr****x:x:x:&::&:&::::::::::d
£ Dafimition of module wade [CONET-) CONSTANTz — NOT for wse 1n obther modulas
bl bbb bbbl L Ll d dd bt b s S S bbbl L LS d sl L S d dd b bttt s d S S b bbb L L bl ol ol ol ol ol ol ol ol o b okl ok
ns FEEFFEEFRSEE RS SS S S S F S I EE S SRS EF ARSI AR SRS S S S S S DD FEE S SRR R E LSS RS E RS2
¢ Code of profect wide FUMCTIONS
|St|ng EE ko e A R R e R S R e ]

Sint main {vodd)
[

#1C0deC FEIL
atart():

$endit
AERisgkle Clack ouiy
PORTC_PCRZ = ( BORT_PCR_MMHE(0)):

_koweer JMD ¢

0T TE AT Loaded debugee LA=TOCrEm
2M218:491:5%: Target reset

202 18:4205: Skipping flash loading pass because there is no data in the designatad range: 0x10000000-0«1 3FFFFFF.

2 2148:42.05: Downloaded D:\ProfileAB2224A Deskiop\P0_Samplehbuildysilow_power_demoyFLASH_T128KB_PFLASH)Y
EONE 18:4210: 19892 bntes downloaded into FLASH and werifizc! (1.81 Khytesfzac)

2M218:4210: Loaded debugee: DAProfiles\B22247 Desktop\PD_Samplelbuldiiatow power_demo'FLASH 128KE FFL
202184210 CRU reset by debugoer.

20215420

aclarFreesc

Figure 15.

. At this point we have successfully downloaded the application, now we need to exit and close the

debugger by clicking on the X mark as shown in the following screen:
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Hemo - |IAR Embedded Workbench IDE

roject Debug Disassembly JTAG Tools Window Help

=1 (¥] 2 ~ ” , '?-’ . '_'T ? ‘r_f i) ]
Sy g o o }.‘f YA @& b P
R
2 BB 2 DX F Stop debugging
| x
‘LASH v §_clk_hz;
e~ [ extern int ncg clk khz:
- " - -
extern int core clk khz;
er... v - -
n /i**t*il!ti*iﬂ**!!titﬁﬁ***tt**t!i*!ti**é*t*ﬁtitﬁt***tti**tit!t**nﬁl**nl
# Definition of module wide (CONST-) CONSTANT:s - NOT for use in other i
B P P PP PP PP PR PR PP
ns /***lt**!*itﬂ*t**!!**!lt**tt*******ti*!*l**ﬁ!**!i****t**t***!*!*t!***!l
* Code of project wide FUNCTIONS
|sting gttt bttty
Sint main (void)
{
Figure 16.

The purpose of stopping the debug session is due to higher current
consumption measurements when the debugger is active.

CW MCU V10.1 and OSJTAG/ P&E Multilink
For proper operation with CW10.1, it must be configured as follows:

Update the flash programmer:
1. Click on Flash programmer and import “Flash Task”.
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¥ ¢fC++ - CodeWarrior Development Studio - D:\Profiles\B2324 T\Desktop\P0_Sample

Fie Edit Refactor Mavigake Search Project Run Profiler FEYico - Prooessor Expert  Window  Help
1 iy TR =N A R

ﬁ"" - m v ' - EI’ - @ LA ‘;‘-_j; 5 @ -

) Codetwarrior Projects i b A —— =0
ElRCc & | gePlrenme |7
File Mame = Size | Type
<t Click on Flash
11 Fscrp programmer (drop down
3 12E low_power_demo arrow) and select "Import
27 pdb_ade_demn Flash Task
127 usb_ded
27 ush_device

Figure 17.
2. Open the ARM folder, select K20DX128.xml and click Open.

Open E\@
Lock in: | 9 ARM v @ & E-

Pkorzaoawna.sml Pikzoons12z.6ml Pksooxzsez.am PHkrorks1z.ml
s

#k100M32, KZDDXSZ.me k51002567, sl

MyFiecent  [P3K10DN64,xml K20Dx64.ml  PPIKS1DNS12Z,
Documents  Jxioonize.xm  QEEISAERG] > Pksinuzsez.c
_ Pikioons12z.0m - Pkzooxizaz.aml Pkszons122 5ml

£ Flciooxzzoml  Bieooxesezml - Biks3ons122ml
Deskiop | [RaxtoDxedaml  W3kaormimosml  Wksaoxesez ol

Fliooxiza.ml  Blzorusizoml Bikeoonzsez.ml
Fliooxizazom - Bikaoonstezml - Bixeoons12z i
Pkioowzsez.aml PIkaoowizez.oaml  PIKe0DK2S6Z i
]

Jktornimoxm P kaooxzsez.aml P rsornimo| Type

by Documents

Plkiorxsizam Pkdoons1zzam Pkeorisiz.; E'Et: W
) Fikeoonzzoml  Biraooxizazom  Bkeirnuimol o L
A Plkzooned.ml Pkaooxzsezoml Pke1risiz.oam

- Plkzoomizaxml  PIksoons12z.ml Pkzorn1mMO.ml
kdy Computer

Qg File name: K20DX128 sl v [ open |

by Metwork, Files of type:

* uml w I [ Cancel ]

Figure 18.
3. Select FLASH configuration.
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* CIC++ - CodeWarrior Development Studio
File Edit Refactor MNavigate Search Project Run Profiler 51  Processor Ex

. . —  * - s B . 1 ' &
MU e @ e (% AN 688 [d G

E - %1

@Cudewarlur Projects o0 =0
e |laz - ¢ | B & & | File Mame i
Filz Name ~ Size Type

LI adc_demo

127 hello_world

LI hscmp

~  MK20DX128_INTERNAL_FLASH

# %2 Binaries MK20D%128_INTERNAL_RAM

# [l Includes v MK20D%128_INTERMAL_FLASH
| FLASH_OSITAG.ladrich 24 KB
| FLASH_OSITAG,pemicro 1KB
| FLASH_Segger.launch 17 KB

Figure 19.

4. Build the project by clicking on the hammer icon as shown below:
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2 ¢iC++ - CodeWarrior Development Studio

File Edit Refackor Mavigate Ssarch Project Rum Profiler “EMicro - Processor Expert  Window  Help
- B e i F-MC-M- i@ i% B @ -H-0-6
AL IR ERE. 1B ¥ 5 .

: — Build 'ME200x125_INTERMAL_FLASH' Fr
EICUchurriur Frojects £ _ = B8 H_—
%§§|laz . o E q,!;.‘:‘ p File Marne = BU“d prﬂject

Fila Mame = Sze  Type
L0 adc_demo
L7 helo_world
1 hscmp
B & low power_d=mo ;I 128 _IMTERNAL_FLASH
* 3= Binarles
# |}l Includes
|= FL&SH_O51TaG launch 24 KB
2| FLASH_O5ITAG. pemicra 1KB
|= FLA&SH_Seqoer.launch 17 KB
# = MEZODX125_INTERMAL_FRLASH
3 [ MEZ0DX125_INTERMAL RAM
4 [= Project_Settings
|= RAM_0O3ITAG. launch 15 KB
= RAM_OSITAS. pemicro 1KE
|= RAM_Seqqer.launch 16 KB
|= SafnalysspointsManager .apconfig 1KE
# = Sources
Figure 20.

5. Click on the drop down arrow to select the corresponding debug configuration.

% CIC++ - CodeWarrior Development Studio

Fle Edt Refator Mawvigake Sesrch Project Run Prafiler FEOcrc - Processor Expeet window  Help
i o i F-N-R- e R B @'i‘i"(ﬂ%' 2 A

P TR = : ‘ €71 ramM_segger

[ z ram_os1T8G c

[T = ALASH_seqger
[ 4 ALASH_03ITAG

%) Coda'warrion Projects 52

=8
a2 = I

File Mame = Sz Type
LT ade_desno Select Debug Debug As
150 helk_ward
hscrmp configurations, - Qrganza Favartites..,

= & low_powsr_cemo ;. MERIDEL2S_TNTERNAL _FLASH

= i’; Bnarics
Figure 21.

6. Select FLASH OSJTAG, go to Debugger tab, open Download section, uncheck “Perform Standard
Download”.
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5 Pabug Configurations
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Figure 22.

7. Check the box for Execute Tasks, select the current task and click on Remove.
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™ Dahug Configurations

Create, manage, and run configurations
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Figure 23.
8. Click on Add button and select K20DX128.
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'*_Debug Confligurations

Create, manage, and run configurations
Download an applcation bo = target, then debug ar run the application.

9. Click Apply and Debug.
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; E el avitr = Add Download Task y Trame znd Prafla | .
i [E] Codsarvio Conned: (=) Target Tasks
BE Codelarrion Dornoad Copp 00123 Task Memd v O Swereness
i [E] FLasH_cammag Copy CFCEIDNL2E Task_Meml Select re cached:
- [E] FLagH _seger 3
- [E] RaM_05TAG K20DX128 ™~—
B R Segger [ |
e Launch Giaup [wiorkspace... | [Fiegvatem... | [ vaiebies,.. | [
select Al
[#]Execute aniritial launch =
Ezecube an success e runs
O ] I Canoal ]
[¥] Exrcuke Tacks
Add
Haime Task Tvpa Frst | Subsequ... | Add... |* new
=1 @ "
Lp
= w
Figure 24.
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Demo to enter power modes

* Debug Configurations

Creabe, manage, and run configurations
Dowmnkad an apphoation bo a target, then debug o nn the appleation,
T - .
OEx B3 Ware: | FLASH_ CSTTAG
[tps Fiter et | - . = . 3 . i
[ Main | == argumancs | ek Debugoer - 5 Sourca| B Ervdronment | £ Common | @ Trace and Profil
o [E] Codevirior ssach W l : , - | -
[£] Codetimrior Connact HAL e TS § §
= [&] Codetirior Commload | Db | Ewceptions | Inbsrrupks | Downinad  RIC | Other Exscdisbles | Synbokes | 5 dwserensss
g ::::'sh] 0 Sedect dovnbosd options; subsequent aptions are used For restart and when symbalics are cached:
LC | _Seqger
[ Ram_csitas [CIParform Standard Dowrload
o [E] Ra_seooer & ik
* B Launch Graup royam Sechon | Downlosd  werfy Doininad ey ect A
Frenruban
Desakct Al
oristerk Deka e
Tricishzad Data
viishzed [t
Rt Skand Ll I o eorpechion bpe
[¥]Ezenie Tasks
Name Task Typs Firt  Subsequ..
FEIDELEG FAash Programne... (¥
=
. &5
Fleer matched & of 2 kers
® 2

Figure 25.

10. Verify download.
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Demo to enter power modes

 Debug - lowe_power_demafSonrces/low_power_demaflow_power_dems.c - CodeWarrior Deve o pmznt Studio

Figure 26.

Fia Edi Rafator Havigebs Seach Prome: Aun Profler PEMioo Procesor Expart ‘indse Hal
M EHL R B &% F- UK @ $-0-Q- ¥ AR [ % vobug |G et
45 pabug 5 Reh D e W e R BT M me T 0| [Me i P ee | [ x| Ao | B Med| = O
= [T FLtEH o 1 TAG [Codaliar s Downlnad] R =01 T
=R AR Processnre, K20 o powar_dema. s [Sueendad) S
= u’ Thiead [0 Cool] (Suspended: Sianal Ha' recedved. Desoription: Lsey halted theesd. )
= I main) DeProfiesiEEe247) D eskbiop’ PO _Sampktar i oiec s o m_poser_dersciion_povwer _demo. o108 Co0D00hest
= 2 startf) DulProf des\B22247|Des HoplPD_Sanckelsrchanustart <145 (n0000072e
= | DunmyFnili) b Profl e BEZ247 DeskbopPO_Sampl e ciopulow_r 11,5140 I0000=5S
.ﬂ [P o lees B2 24 Dkt op |POI_Sarng ') b fyemdions_pa sy _ce o MECZTIC0L 28 _INTERMAL_FLASHRET_bow_parser_deno, b (1)
< i x|
£ - -
] boms_posaar_darmo.z £ = O[22 Dl 1 [E Enblm =[]
int main (weid] - Erber bostion hers < & ylET
i " - :
I r I L -~
T Program execution stops at main » Donz4cd: [IEEUSHIIEIIEY
110 PORTC PCRS = | PORT
mu:;““” i you are here the board has been successfully OOCE4eE:  wova £, g0 -
e programmed w D00z 4ed:  wove ©d, $0xbdoc =
< i | >
. Vﬁf;_’@m& T —— ‘LﬁTmTaduHLPtdims.'OEthn- D Memry By | 0 Moy X EBpl 2B-r3-° =)
FLACH_C6TTAG
Info: Wikdooa NT datected.
Infa: PeE Inteefacs GETecrLed - Flaak Veraion 30.14
Info: Device is KRODM1ZE.
Infa: Wods la Tn—Circuic Debug.
Info: PO resec by dehugger.|

11. In order to measure current consumption properly, terminate debug session by clicking on the red

square button.
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Demo to enter power modes

* Debug - low_power_demo/Sourcesflow_power_demoflow_power_demo.c - CodeWarrior Development Studio

Fie Edit Refackar  Wavigakz  Search  Project Run Profler PEMicro  Processor Expert Window  Hzlp

| i oW owra e g D F-oN-- @-%-0- Q-

*’FDebu: b S @.‘3 <5 [ = T TR _E 1= P

= [£] FLASH_o=3TAS [CaodeWarrior Download]
=& ARM Processors, k20_low_power_deme. 2Fy (Sus 'E
Eived, Description: User hated thread.)

= Thread [10: 0] (Suspended: Signal Halt' reg
3 maing) C\ProfilesigzZz4 7| DeskopiPO_Sampleisroprojectshiow_power _odematlow_power_demo.ci104 0x000024 e
amplssrolcpatstart, 48 000007 2e

2 skark) C:YProfiles\B2224 7| DesklopP0_
L DurnenyeFrL ] DeYProfiles| B2224 A Deskio@P0_Sampleisrcizpulow _ork0, 5140 000000252

i DelPrefileaiE2224 T\ Deskbop PO _Sample| buildiew Bw_power_demalME200% 128 _INTERMAL_FLASH K20 low_pawer_dern. a5 (1)

Click to terminate debug
gession

Figure 27.
CW MCU V10.1 and JLink

Follow the same steps as indicated above (for CW MCU V10.1 and OSJITAG/ P&E Multilink), except that

in step 6, you must select FLASH_Segger.

Select FLASH_Segger, go to Debugger tab, open Download section, uncheck “Perform Standard
Download”.
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' Debug Configurations

Create, manage, and run configurations

Dowardoed =n apphcstion to akarget, then debug or nunthe spolicsson. @

®
SR E - Mame: | FLASH_Seager *

[ tan | 00« Arguments | % Debugger % Source | B Environment | [ Commen | @ Trao= end Frofie
L Codewaamar Attach 3
[ P = Debipger optians
£ CodetiarHar Connac
- — codawarriar Dowrkaad Debug | Excephions | Int=rrapks | Downl pad |prc Other Execubables | Symbolics | 05 Awerensss
T FLASH_0SITAG .
= FH' L '1 Selact dowrdad opbars; subsaquent opfans ske usad for restart and when spmonbes aoe rached
SH_S=goer
| RAM DSITAG [IP=rfomn Stardard Cownload
T RAM_Segger
B Launch Gooup || @
Uncheck
3elect

FLASH_Segger @

o )

7|E:-:e|:ute Tasks

Heme Tesk Type First  Subsequ... [ add.., |
Copyof200KI28_Ta.,. FlhshPogramma.., [+ [l . :
Rermawe
Figure 28.

Steps to run the demo

Once you have successfully loaded the application to the device and stopped the debugger, you can
proceed with the following steps:
1.

Open the Terminal application from P&E.

2. Set the port to Port: USB COM, Baud: 115200,Parity: None, Bits: 8 Click on “Open Serial Port”

Terminal Windew application v2.0%

Clpes Sanial Port

Terminal YWindow:

eyl oy

Figure 29.
3. Make sure the port is successfully opened.
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Demo to enter power modes

Taerminal Window application v2.05

Fart - PEE Hovnepae: Ciupiles - 201 d
-
E ety | - Fles=Fi e =~ freescale
micro Git=: [ oo EOL Deley (me - [JIEN

erminal Window: [REEIRT T |

Figure 30.

4. Now click on the reset button of your board.

5. Ifyou look to the Terminal Window you should have all available options displayed.

. = Terminal Window application v2.05

P&E Homepage

Cloz= Part

Terminal Window: Clear'Window

L LA : AxBE . LI PE4 Bxan
TN { AxAA . LI Fd AR
LLUL Fz 3 LIWU F3 Bx66
LLAU F x LIWU FILTZ2 8868
L LA ) = Bxb:

Select the mode to cnter
B to enter ULLSA no POR
to enter ULLIH

to enter ULLS1

to enter ULLS2

to enter UVLLS3

to enter LLA

to enter ULPS

to enter ULPR

exit VLFR

to enter ULPY

to enter WALT

to enter STOP

[== == =] = g T g Y R )

Copyiight 2007, F&E Microcompuiles i, &l Rights e btk it pEMicTa. com

< >

Figure 31.

6. Follow the instructions on the menu.
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Demo to enter power modes

Example:

To enter Stop Mode:

* Type letter B in the terminal window.

The following message will be displayed:

.- Terminal Window application ¥2.05

o N 2 T
PE - = EEEE=E ~
Farity -
Il‘||‘=l-" Bite: r_t: Open.

Terminal Window: Clea window

LLWU F1i
LLWU F3
LLWU FILTZ

felect the node to enter
H to enter ULLEA no POR
to cnter a

to enter

to

to

to

to

oy

|- -JE-N- R - g N A

: any key to enter Stop

Copwiight 2007, PEE Microcomputer Systems, Al Rights Rezerved. R A i DEmIcTo.Com

Figure 32.

* Press any key.
The following message is displayed:
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Demo to enter power modes

-~ Terminal Window application v2.05
por

Farity : il
micro Bits:

Terminal ¥indow: Clear ‘window

Clogze Port

LLWU ME = BxHd. LLWU Fi
LLWU F2 B8 . LLWU F3
LLWU FILT1 Bx80 ., LLWU FILT2
LLWU RET

Select the mode to enter
A to enter ULLSHA no POR
1 to enter ULLSA
2 to enter ULLS1
3 to enter ULLSZ
4 to enter ULLS3
5 to enter LLS
b to enter ULFPS
? to enter ULPR
8 exit ULPR
? to enter ULFW
A to enter WAIT
to enter STOP
bPress any key to enter Stop
PBPrezs SW2 or SW3 to wake up from Stop

Copyright 2007, PEE Microcomputer Syztems, All Rights Reserved. hittp: £ A, pEMICTO. Com

Figure 33.

This means we are currently in stop mode.

*  To measure power consumption (depending on your board) you should take off the Jumper that corresponds
to MCU power connections.

This is J25 on the TWR-K20D50M Rev. C

NOTE

If you are unsure of the corresponding jumper please refer to your tower
board user manual.

* Now measure the device consumption between these terminals:

You must be measuring approximately 320pA.

* Ifyou want to exit this low power mode and enter another one press SW2 or SW3:
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Conclusion

- Terminal Window application ¥2.05
Fart:

Jusocov <
Esud : _
- |
mE -

PiE Homepage

Cloze Port

Faui
micro Bite:

Teminal Window: Clear window

L to enter LLE
b to enter ULFPE
7 enter ULPR

] t ULFR

T to enter ULPUW

A to enter WATT

B enter STOP

bPFrecs any key to enter Ltop

FE Hack to Run modeo wake up from Btop

elect the mode to enter
to no POR
to |

to

to

to

to

to

g
A
|
2
3
1
4
6
-
8
9
n
B t
|

Capyricht 2007, PEE Miciocompiker Spztems, all Bights A ezerved W, pEMIC 0. Conm
Figure 34.

Now you can follow the steps again to enter a new power mode.

NOTE

You can exit any power mode via reset.

8 Conclusion

When designing for low power you must take into consideration both hardware and software, as both
variables are equally important to design a successful power efficient application.

Remember the basics, set pins to a known state, higher core frequency and higher temperature both translate to
higher power consumption, disable clocks to unused modules.

9 References

The chapters in this application note contain a summary of the most important details of each topic.
For more details on any of the topics of this document you can refer to the following:

Information about power consumption:
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References

* Refer to the device datasheet
Search for “Power consumption operating behaviors”

Information and details about power modes:

* Refer to the device Reference Manual

Search for chapter “Power Management”
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