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1. Introduction

AN11027

The LPC1100 microcontroller family is based on the ARM Cortex-M0O CPU architecture
for 8/16-bit microcontroller applications, offering performance, low power, simple
instruction and memory addressing together with reduced code size compared to existing
8/16-bit architectures.

The peripheral complement of the LPC1100 family includes up to 32 kB of flash memaory,
up to 8 kB of data memaory, one C_CAN controller (LPC11Cxx), one Fast-mode Plus 1°Cc
bus interface, one RS-485/EI-485UART, up to two SPI interfaces with SSP Features,
four general purpose timers, a 10-bit ADC, and up to 42 general purpose I/O pins.

On-chip C_CAN drivers and flash In-System Programming tools via C_CAN are included
on the LPC11Cxx series; in addition, an on-chip, high speed CAN transceiver is available
on the LPC11C2x series.

On-chip power profiles are included on the LPC11xx(L) series.

The LPC1100 family targets a wide range of applications, including eMetering, lighting,
industrial networking, alarm systems, and white goods.

This application note introduces the various low power modes of the LPC11xx,
LPC11xx(L) and LPC11Cxx parts, the steps required to enter the low power modes,
wake-up implementation, and helpful hints to reduce power consumption. This
application note also provides software examples to enter and wake-up from the low
power modes, and demonstrates how to measure the power consumption and wake-up
times using the LPC1114 LPCXpresso board.

The various topics covered in this application note are as follows:
1. Low Power Modes

Entering Low Power Modes

Wake-Up Implementation

Additional hints to reduce power consumption

o~ e

Low power mode demos using the LPC1114 LPCXpresso board
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2. Low power modes

211

2.1.2

2.1.3

On the LPC11xx, LPC11xx(L) and LPC11Cxx series, there are three reduced power
modes: Sleep, Deep-Sleep, and Deep Power-down modes. The following sections cover
the features and configurations for the low power modes.

Sleep mode

In Sleep mode, the system clock to the ARM Cortex-MO core is stopped, and execution
of instructions is suspended until either a reset or an enabled interrupt occurs.

Peripheral functions, if selected to be clocked in the SYSAHBCLKCTRL register,
continue operation during Sleep mode and may generate interrupts to cause the
processor to resume execution. Sleep mode eliminates dynamic power used by the
processor itself, memory systems and their related controllers, and internal buses. The
processor state and registers, peripheral registers, and internal SRAM values are
maintained, and the logic levels of the pins remain static.

Deep-sleep mode

In Deep-sleep mode, the system clock to the processor is disabled as in Sleep mode. All
analog blocks are powered down, except for the BOD circuit and the watchdog oscillator,
which must be selected or deselected during Deep-sleep mode in the PDSLEEPCFG
register. See section 3.5 for more details.

Deep-sleep mode eliminates all power used by the flash, analog peripherals and all
dynamic power used by the processor itself, memory systems and their related
controllers, and internal buses. The processor state and registers, peripheral registers,
and internal SRAM values are maintained, and the logic levels of the pins remain static.

Deep power-down mode
In Deep Power-down mode, power and clocks are shut off to the entire chip with the
exception of the WAKEUP pin.

During Deep power-down mode, the contents of the SRAM and registers are not retained
except for a small amount of data which can be stored in five 32-bit general purpose
registers of the power management unit block.

All functional pins are tri-stated in Deep power-down mode except for the WAKEUP
pin.

3. Entering the low power modes

AN11027

3.1

This section describes the mechanism to put the LPC11xx, LPC11xx(L) and LPC11Cxx
series into the three low power modes (sleep, deep-sleep, deep power-down).
System Control Register (SCR)

The SCR register controls features of entry to and exit from low power modes.

Sleep mode and Deep Sleep mode are selected by the SLEEPDEEP bit in the Cortex-
MO System Control Register (SCR).

The bit assignments are shown in Fig 1.
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[4]

3

[1]

0]

Bits
[31:5]

Mame

SEVONPEND

SLEEPDEEP

SLEEPONEXIT

Function
Reserved.
Send Event on Pending bit:

0 = only enabled intermupts or events can wake-up the processor,
disabled interrupts are excluded

1 = enabled events and all interrupts, including disabled intemupts,
can wake-up the processor.

When an event or intemrupt enters pending state, the event signal
wakes up the processor from WFE. If the processor is not waiting for
an event, the event is registered and affects the next WFE.

The processor also wakes up on execution of an 52V instruction.
Reserved.

Controls whether the processor uses sleep or deep =leep as its low
power mods:

0 = slesp
1 = deep slesp.

Indicates sleep-on-exit when retuming from Handler mode to Thread
miode:

0 = do not sleep when retuming to Thread mode.

1 = enter sleep, or deep sleep, on retum from an ISR to Thread
mode.

Setting this bit to 1 enables an intemmupt driven application to aveid
returning to an empty main application.

Reserved.

019aab347

Fig 1. System Control Register (SCR, OXxEOOOED10)
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3.2

If the SLEEPDEEP bit in the Cortex-M0 System Control Register (SCR) is 0, Sleep mode

is selected.

If the SLEEPDEEP bit in the Cortex-M0 System Control Register (SCR) is 1, Deep-sleep
mode is selected.

Power Control Register (PCON)

The PCON register selects whether one of the ARM Cortex-MO0 controlled power-down
modes (Sleep mode or Deep-Sleep mode) or the Deep power-down mode is entered. It
also provides the flags for Sleep or Deep-sleep modes and Deep power-down modes

respectively. See Fig 2 below.
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Table 47. Power controd register (PCOMN, address 0x4003 B000) bit description
Bit Symbol Value Description Reset
value
0 - - Resereed. Do not write 1 to this bit. 0x0
i OPDEM Deep power-down mode enable a0
a ARM WFI will enter Sleep or Deep-sieep mode (dock to
ARM Cortex-M0 core tumed off).
| ARM WFI will enter Deep-power down made (ARM
Cortex-#0 core powersd-down ).
72 - Reserved. Do not write ones to this bit. O
B SLEEPFLAG Sleep mode fag |
| Read: Mo power-down mode entered.
LPC 111 LPC11CTx is in Active mode.
Wirite: Mo effect.
1 Read: SleepDesp-sleep or Desp power-down mode
Eenbensd.
Write: Writing a 1 dears the SLEEPFLAG bit o 0.
102 Rieserved. Do not write ones o this bit Ol
1 DPDFLAG Dreep power-down flag I p ]
0 Read: Deep power-down mode not entered. =0
Wirite: Mo effect.
1 Rezd: Deep power-down mode entered. =0
Write: Clear the Desp power-down flag
31:12 Reserved. Do not wnite ones to this bit. 0=
019aab348
Fig 2. Power Mode Control Register (PCON)

3.3

3.4

AN11027

Wait For Interrupt (WFI) instruction

Execution of the WFI instruction will cause immediate entry to any of the low reduced
power modes based on the SLEEPDEEP bit and PCON register settings mentioned
above.

The WFI instruction is a Cortex-MO instruction which cannot be directly accessible by
ANSI C. The CMSIS (Cortex Microcontroller Software Interface Standard) provides an
intrinsic function to generate a WFI instruction and is supported by C compiler.

If a C compiler does not support the WFI intrinsic function, then the user will have to use
assembly code to execute WFI instruction.

Programming steps to enter sleep mode

The following steps must be performed to enter sleep mode:
1. The DPDEN bit in the PCON register must be set to zero.
2. The SLEEPDEEP bit in the ARM Cortex-M0 SCR register must be set to zero.
3. Use the ARM Cortex-MO0 Wait-For-Interrupt (WFI) instruction.

Fig 3 below shows code example to enter sleep mode.
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019aab349

Fig 3. Code example (Sleep mode)

3.5 Programming steps to enter Deep-sleep mode

The following steps must be performed to enter Deep-sleep mode:
1. The DPDEN bit in the PCON register must be set to zero.

2. Select the power configuration in Deep-sleep mode in the PDSLEEPCFG register.
This register controls the behavior of the WatchDog (WD) oscillator and the BOD
circuit when the device enters the Deep-sleep mode. This register must be initialized
at least once before entering Deep-sleep mode with one of the four values shown
below. Failure to initialize and program this register correctly may result in undefined
behavior of the microcontroller. The values listed in the Fig 4 below are the only
values allowed for PDSLEEPCFG register.

Allowed values for PDSLEEPCFG register

Configuration WD oscillator on WD oscillator off
BOD on FPDSLEEPCFG = 0x0000 18BY PDSLEEPCFG = 0x0000 18F7
BOD off PDSLEEPCFG = 0x0000 18BF PDSLEEPCFG = 0x0000 18FF

019aab350

Fig 4. PDSLEEPCFG register settings (Deep-sleep mode)

a. If atimer controlled self wake-up is needed, ensure the watchdog oscillator is
powered in the PDRUNCEFG register and switch the clock source to WD oscillator
in the MAINCLKSEL register (see LPC11xx User Manual for details).

b. The watchdog oscillator can be left running in Deep-sleep mode to provide a clock
for the watchdog timer or a general purpose timer if they are needed for self-
wake-up purposes. See section 3.7 for more details. In this case, the watchdog
oscillator analog output frequency must be set to its lowest value (bits FREQSEL
in the WDTOSCCTRL = 0001, see LPC11xx User Manual) and all peripheral
clocks other than timer clock must be disabled in the SYSAHBCLKCTRL register
before entering Deep-sleep mode. The watchdog oscillator, if running, contributes
an additional current drain in Deep-sleep mode.

c. If no timer-controlled self wake-up is needed and the watchdog oscillator is shut
down, ensure that the IRC is powered in the PDRUNCFG register and switch the
clock source to IRC in the MAINCLKSEL register before entering deep sleep
mode. This ensures that the system clock is shut down glitch-free (see the
LPC11xx User Manual for details).
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d. Leaving the BOD circuit enabled will protect the device from a low voltage event
occurring while the micro is in Deep-sleep mode. However, the BOD circuit

causes an additional current drain in Deep-sleep mode.

3. Select the power configuration after wake-up in the PDAWAKECFG register. The bits
in this register can be programmed to determine the state the chip must enter when it

is waking up from Deep-sleep mode.

4. If an external pin is used for wake-up, enable and clear the wake-up pin in the start
logic registers, and enable the interrupt associated to that start logic in the NVIC.

5. In the SYSAHBCTRL register, disable all peripherals except the counter/timer or

WDT if needed.
6. Write one to the SLEEPDEEP bit in the ARM Cortex-M0 SCR register.
7. Use the ARM Cortex-M0 Wait-For-Interrupt (WFI) instruction.

Fig 5 shows code example to enter Deep-sleep mode.

/* Turn on all the IRC & Flash */
LPC SYSCON->FDRUNCEG &= ~( (1<<0) (1<<1) (1<<2)):
/% Switch MATHNCLESEL to IRC #/
LPC_SYSCON->MATHNCLESEL = 0:
LPC_SYSCON->MATNCLEUEN = O:
LPC_SYSCON->MRINCLEJEN = 1;
while (! (LPC_SYSCON->MATNCLEUEN & O0x01)):
/¥ Ensure DFDEN is disabled in the power control register *
LPC_PMU->FCON = (1l<«11); f/Clear DPDFLAG if it was s=set
/®* Clear the Deep Sleep Flag *
LPC_PMUO->PCCN |= (1<<8):
f* A1l OFF */
LPC_SYSCON->PDSLEEPCFG |= Ox000018FF;
f* SBpecify peripherals to be powered up again when returning from deep =leep
LPC_SYSCON->FDAWRKECFG = LPC_SYSCCHN->PLDRUNCEG:
/®* Specify the =start logic to allow the chip to be
LPC_SYSCON->STARRTAFRFO &= ~ (1< (2));
LPC_SYSCON->STARTRSRFOCLE (1< i2)):
LPC_SYSCON->STARTERFO = (<= (2)) s
MVIC ClearPendingIRQ(WAKEUFZ IRQOn):
NVIC EnablelIRQ(WAKEUFZ IR{n);
Fig 5. Code example (Deep-sleep mode)

mode #* )

019aab351
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3.6 Programming steps to enter Deep power-down mode
The following steps must be performed to enter Deep power-down mode:
1. Write one to the DPDEN bit in the PCON register.

2. Store data to be retained in the general purpose registers (see the LPC11xx User
Manual for details).

3. Write one to the SLEEPDEEP bit in the ARM Cortex-MO SCR register.

4. Ensure that the IRC is powered by setting bits IRCOUT_PD and IRC_PD to zero in
the PDRUNCEFG register before entering Deep power-down mode.

5. Use the ARM Cortex-M0 Wait-For-Interrupt (WFI) instruction.

Please note that the WAKEUP pin needs to be externally pulled HIGH before entering
deep power-down mode.

¥ Specify DPDEN to power control register #*
LPC PMU->PCON = (1<<1) | (1<<11);
/* Specify Deep Power—-down mode before entering mode *
SCB-»5CR = (1<<2); Set SLEEPDEEP bit
* Enable IRC before deep power-down mode *
LPC SYSCON->PDRUNCEFG = ~ | (1l<<0) (1<<d));

019aab352

Fig 6. Code example (Deep power-down mode)

3.7 Wake-up implementation

The following section describes the wake-up implementation for each low power mode on
the LPC11xx, LPC11xx(L) and LPC11Cxx series.

3.7.1.1 Wake-up from Sleep mode

Sleep mode is exited automatically when an interrupt enabled by the NVIC arrives at the
processor or a reset occurs. Please see the LPC11xx User Manual for details on which
interrupt sources are connected to NVIC. After wake-up due to an interrupt, the
microcontroller returns to its original power configuration defined by the contents of the
PDRUNCFG and the SYSAHBCLKDIV registers. If a reset occurs, the microcontroller
enters the default configuration in Active mode.

3.7.1.2 Wake-up from Deep-sleep mode
The microcontroller can wake up from Deep-sleep mode in the following ways:

1. Signal on an external pin which is connected to start logic. For this purpose, certain
port pins can be enabled as inputs to the start logic. Please see the LPC11xx User
Manual for which port pins are connected to the start logic and serve as wake-up
pins. The start logic does not require any clocks and generates the interrupt if
enabled in the NVIC to wake up from Deep-sleep mode.

AN11027 All information provided in this document is subject to legal disclaimers. © NXP B.V. 2011. All rights reserved.
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2. Input signal to the start logic created by a match event on one of the general purpose
timer external match outputs. The pin holding the timer match function must be
enabled as start logic input in the NVIC, the corresponding timer must be enabled in
the SYSAHBCLKCTRL register, and the watchdog oscillator must be running in
Deep-sleep mode (see the LPC11xx User Manual for details). This wake-up scheme
will allow for the device to self wake-up when the match output is triggered. It will
then feed back into the start logic causing the device to self wake-up as shown in Fig
7. No external trigger is required for this method and as a result, this reduces
external components on the board. However, using this method causes the wake-up
time to be longer than option 1 mentioned above (external triggered wake-up). The
wake-up times will be discussed later in the demo section.

GPIO Output Enable (M1}f

GPIO Data Out (Mﬂ}l 2

GPIO Data In <:’4=-
(Start-Logic)

Peripheral Output Enablel > 0

Peripheral Data Outl P > 0 v
. I/O Pin

(Match Qutput)

Peripheral Data In<C I

019aab369

Fig 7. Self wake-up diagram

3. Reset from the BOD circuit. In this case, the BOD circuit must be enabled in the
PDSLEEPCFG register, and the BOD reset must be enabled in the BODCTRL
register (See the LPC11xx User Manual for details).

4. Reset from the watchdog timer. In this case, the watchdog oscillator must be running
in Deep-sleep mode (see PDSLEEPCFG register), and the WatchDog Timer
peripheral must be enabled in the SYSAHBCLKCTRL register.

5. External RESET pin.

3.7.1.3 Wake-up from Deep power-down mode

Pulling the WAKEUP pin LOW wakes up from Deep power-down, and the chip
performs a reset process. Minimum low pulse width for WAKEUP pin is 50 ns.

1. WAKEUP is generated when an external HIGH to LOW transition occurs on the
WAKEUP pin (level-sensitive).
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Application note Rev. 1 — 7 January 2011 10 of 25



NXP Semiconductors AN11027

Using the LPC1100 low power modes and wake-up times on the
LPCXpresso

a. The Power Management Unit (PMU) will turn on the on-chip voltage regulator.
When the core voltage reaches the power-on-reset (POR) trip point, a system
reset will be triggered and the chip re-boots.

b. All registers except the GPREGO to GPREG4 and PCON will be in their reset
state.

2. Once the chip has booted, the deep power-down flag can be read in the PCON
register to verify that the reset was caused by a wake-up event from Deep power-
down.

3. Clear the deep power-down flag in the PCON register.
4. (Optional) Read the stored data in the general purpose registers.

Please note that the RESET pin has no functionality in Deep power-down mode.

3.8 Additional tips to reduce power consumption
The current consumption can be further reduced by considering the following points:

3.8.1.1 CPU clock rate
The CPU clock rate can be controlled as needed, which allows a trade-off of power
versus processing speed based on application requirements.
1. Changing clock sources: Internal Oscillator (12 MHz +/- 1 %), System Oscillator
(2 MHz to 25 MHz), Watchdog Oscillator (7.8 kHz to 1.7 MHz +/— 40 %).
2. Reconfiguring PLL values, and/or altering the AHB Clock Divider (SYSAHBCLKDIV)
value.
3. Lowering the PLL'’s output frequency (FCCO, 156 MHz to 320 MHz) can also save
power.

4. An 8-bit system AHB clock divider register (SYSAHBCLKDIV) allows a range of
options, including slowing CPU operation to a low rate for temporary power savings
without turning off SYS PLL. See Fig 8 below.
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oscillator

main clock

SYSTEM cLOCK [|system clock

DIVIDER

SYSAHBCLKDIV

s

—————— AHB clock 0
(system)
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1to 18

(

memaries

and peripherals)

| AHBCLKCTRL[1:18] I

SPI0 PERIPHERAL

CLOCK DIVIDER

IRC oscillator

system oscillator

MAINCLKSEL

(main clock select)

sys_pliclkout

—| SYSTEM PLL
sys_pliclkin -

SYSPLLCLKSEL
{system PLL clock select)

LPC111x/LPC11C1x CGU block diagram

Fig 8. Clock Generation Unit (CGU) diagram
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DIVIDER
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3.9 System AHB Clock Control Register (AHBCLKCTRL)

As shown in the Fig 8, the SYSAHBCLKCTRL register enables the clocks to individual
system and peripheral blocks. Depending upon application requirements, the user can
use this register to reduce power by disabling clocks to unused peripherals. See the
LPC11xx User Manual for details.

3.10 Peripheral clock dividers

Selected peripherals have their own clock divider (SPIOCLKDIV, UARTCLKDIV,
SPI1CLKDIV, WDTCLKDIV, CLKOUTDIV) which controls the rate of the peripheral clock
signal that will be supplied to the corresponding peripheral (see Fig 8). Depending on
application requirements, the user can use these divider registers to reduce the
peripheral clock frequency or shut down the clock to reduce power. See the LPC11xx
User Manual for details.

3.11 Power-down Configuration register (PDRUNCFG)

PDRUNCFG Register contains control bits that power on or off individual analog blocks,
allowing elimination of power consumption by analog peripherals that are not needed.
See the LPC11xx User Manual for details.

3.12 Miscellaneous
3.12.1 Software

Most embedded applications terminate with a while(1) loop, and they service interrupts
whenever needed. In this case, code is still constantly fetched from the on-chip flash and
executed which adds to the power consumption. A better solution would be to switch to
the sleep power saving mode and then wait for interrupts. An interrupt from a peripheral
would then wake the device from Sleep mode. Considerable power savings can be
achieved by keeping the core in Sleep mode while it is waiting for interrupts.

3.12.2 Port pins

Additional steps can be used to reduce current consumption on the 10 current in the low
power modes. The general purpose port pins on the LPC11xx, LPC11xx(L) and
LPC11Cxx series have programmable internal pull-ups enabled by default. Before
entering low power modes, reduce the 1O current as follows:

1. All General Purpose I/O pins (GPIO) default to input with pull-up resistor enabled.
Using the IOCON registers, first, disable the internal pull-ups on all general port pins.
Second, configure the I0s as GPIO outputs and drive them low. Make sure the pins
are not being externally pulled high, OR

2. All General Purpose I/O pins (GPIO) default to input with pull-up resistor enabled.
Using the IOCON registers, first, disable the internal pull-ups on all general port pins.
Second, configure the 10s as GPIO outputs and drive them high. Make sure the pins
are not being externally pulled low, OR

3. Using the IOCON registers, first disable the internal pull-ups on all general port pins.
Second, configure the I0s as GPIO inputs and using an external resistor, pull the 10s
high or low.

Please note that in deep power-down mode, state of the port pins does not affect the
current consumption and the steps mentioned above do not need to be considered in this
mode.
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Application note Rev. 1 — 7 January 2011 13 of 25




NXP Semiconductors AN11027

3.12.3
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CAN pins
On the LPC11C1x devices, when not using the CAN device, the CAN pins (CAN_RXD
and CAN_TXD) should be externally pulled low to reduce the IO current.
RESET_N/PIOO0_O0 pin
On the LPC11xx, LPC11xx(L) and LPC11Cxx parts, the RESET /PIO0_0 pin needs to
be externally pulled up via 10k — 47k resistor when in deep power-down mode. If the pin
is left floating, user will see an increase in current consumption.
Debug notes

The user should be aware of certain limitations during debugging. The most important is
that, due to limitations of the Cortex-MO integration, the LPC11xx, LPC11xx(L) and
LPC11Cxx parts cannot wake up in the usual manner from Sleep, Deep Sleep, or Deep
power-down modes. It is recommended not to use these modes during debug. Once an
application is downloaded via SWD interface, the USB to SWD debug adapter should be
removed from the target board. Another issue is that debug mode changes the way in
which reduced power modes are handled by the Cortex-M0O CPU. This causes power
modes at the device level to be different from normal modes operation. These
differences mean that power measurements should not be made while debugging; the
results will be higher than during normal operation in an application.
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4. Low power mode demos

4.1

4.2
42.1.1

42.1.2

4.2.1.3

AN11027

Objective

This application note provides two low power mode examples using the LPCXpresso
platform:

Demo 1: Low Power Modes (sleep, deep sleep, deep power-down) using the
UART interface.

This example allows the user to enter the low power modes and wake-up using
an external port pin.

Demo2: Self Wake-up Demo

This example configures the watchdog oscillator at lowest frequency to clock the
16-bit Timer 0 in run mode and deep-sleep mode. The device generates a
repetitive self wake-up from deep-sleep mode and toggles a port pin when in run
mode.

Both examples show the user how to measure the current and wake-up times. The
following sections provide the necessary steps to set-up the low power mode demos on
the LPCXpresso platform. Both project demos are CMSIS (Cortex Microcontroller
Software Interface Standard) compliant.

LPCXpresso demonstrations

Requirements
1. LPCXpresso IDE.
2. LPCXpresso Target Board (LPC1114) (see Fig 9).
3. LPCXpresso Base Board (see Fig 11)

The LPCXpresso Base Board contains a USB-to-Serial bridge chip (FT232R from FTDI)
that connects the UART channel on the LPCXpresso target LPC1114 to a virtual COM
port on the PC (via USB).

Please note that the Base Board is required only for Demo 1 which uses UART interface
to display a power mode selection menu.

Terminal window

For Demo 1, terminal window like TeraTerm or HyperTerminal window is needed to
display the options to enter low power modes.

LPCXpresso target board (LPC1114)

To measure the current:

The LPCXpresso Target Board requires the following set-up for both demos:

1. The LPCXpresso target board includes an integrated JTAG debugger (LPC-Link). By
default, the power is shared between the LPC1114 and LPC-Link. Trace connection
between J4.1 and J4.2 needs to be cut to separate the power supply and thereafter,
a user can connect an external supply on J4.2 to measure the current using an
ammeter. The current should be measured at the VIO_3V3X which supplies the
power to the LPC1114. See Fig 9 below.

2. Since the software example is configuring all the pins as GPIO outputs and driving
the GPIOs low, the external 12K pull-up resistor on RESET /PIO0_0 needs to be
removed. See Fig 9 below.
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J4 R31
019aab371
Fig 9. LPCXpresso LPC1114 target board
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—JTAG TMS SWIOND =i JTAG THS SWDN0X
("4 | ITAS TCI K ST B0
ITAG THD SWE MTAds T SAROY
ITAS T 3%
—ITAS BESET ‘ ITAC: BESETY
__EXT D{wy EXT DOy
gm_m_‘ ‘ : ExT
2. I

019aab372

Fig 10. LPCXpresso target board schematics

4.2.1.4 LPCXpresso base board

As mentioned before, the Base Board is required only for Demo 1 and needs to be set-up
as follows:

To run the application:

1. Remove the jumpers on PIO0_2 and BL_EN
2. Put a jumper between PIO0_2 and BL_EN
P1O0_2 is used as wake-up source for sleep and deep sleep.
Push button ‘BL_EN’ (SW3) will be used for sleep and deep sleep.
3. Remove the jumper on PIO1_4.
P10O1_4 is multiplexed with WAKEUP functionality.

Push button ‘WAKEUP’ (SW2) will be used to wake-up from deep power-down
mode.

4. Keep the three jumpers closed on J7 (default state).
This routes the UART pins to FTDI chip.
5. Remove the two jumpers on J54
This removes control of DTR and RTS signals from the USB to UART bridge.
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To measure the current:

6.

After completion of steps 1-4, rest of the jumpers on the LPCXpresso Base Board
would need to be removed to measure the current.

See Fig 11 below for complete jumper set-up on the LPCXpresso base board.

019aab373

Fig 11. LPCXpresso Base Board board

4.2.1.5 LPCXpresso Application Set-up for Demo 1

AN11027

As mentioned before, demo 1 allows the user to enter the low power modes using UART
interface, and wake-up using an external port pin.

Application is set-up as follows:

1

© N o g ks~ ouDbd

. Connect the USB cable to power up the LPCXpresso LPC1114 target board.

Open LPCXpresso IDE and import LPC1100 wakeup.zip file.

Build the project by selecting the Build ‘all projects’ (Debug).
Download the code by selecting the Debug ‘wake-up’ (Debug).
Then terminate the debug session once code is downloaded.
Disconnect the USB cable from the LPCXpresso target board.
Attach the LPCXpresso target board to the LPCXpresso base board.
Connect a USB cable to power up the LPCXpresso target board.
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9. Connect a USB cable to the USB to UART connector. (on the LPCXpresso Base
Board). See Fig 11.

10. User will be prompted twice to install the FTDI drivers for the USB to Serial chip
(FT232R) to function.

a. Select the following path:
C:\nxp\pcxpresso_3.3\Drivers\RedProbe

b. Select the following files:
C:\nxp\Ipcxpresso_3.3\Drivers\RedProbe\i386\ftdibus.sys
C:\nxp\Ipcxpresso_3.3\Drivers\RedProbe\i386\ftser2k.sys

c. Once installed, should see the following in device manager/properties (Fig 12):

=1 ¥ Paorts (COM &LPT)
P Communications Port {COM1)
- 9 UsE serial Port (coOMA)|
] Processors
%@ smart card readers
¥, sound, video and game controllers

System devices
Universal Serial Bus controllers

B Generic USE Hub

= Generic USE Hub

i Intel(R) N10/ICH7 Family USE |
i Intel(R) M 10/ICH7 Family USE |
= Intel(R) N 10/ICHT Family USE |
i Intel(R) N 10/ICH7 Family USE |
i Intel(R) N 10/ICH7 Family USB2
= LISE Device with DFU Capabiliti
= USE Root Hub

= USE Root Hub

= USE Root Hub

= 1USE Root Hub

= USE Root Hub

|$ LISE Serial Converter |

[

019aab374

Fig 12. USB Serial Port / Converter

11. Some terminal programs need a low COM port number, for example between 1 and
5. Very often the COM port number for the USB Serial Port is higher than this,
therefore this needs to be changed manually. If this is the case, then follow the
additional steps as below. Further details can be found in the LPCXpresso Base
Board User’s Guide.

a. Go to Device Manager and Ports List.
b. Right click on USB Serial Port and select Properties.

c. Go to Port Settings > Advanced to change COM Port Number as shown in the
diagram below. COM port number will vary depending on the terminal program. In
this example below, COM port number was changed to COM4,
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& "y Min ard ot poriing divoes .
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— W Ay ——
W L it Addephr Stop bas |1 ﬂ
I Do 0 DOV byt Conipeiie Pow ootk [Nans v]
e e 1450 Aubdeie Dl WILAN MIESPC bt 1 - x

W Wretiss-G Piotwbock ddlnar vt SR
& O desiom
v M FCMCLA acimbery

Updaty G |
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— -
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Fig 13. Changing the COM number for USB serial port

12. Demo 1 uses the terminal program and the settings for the serial port are shown in
Fig 14.

Tera Term: Serial port setup
Port: CoM4 b 0K
Baud rate:
Data: Im Cancel
Parity: lnone -]
Stop: 1o = Help
Flow control: Im

Transmit delay

0 msecfchar Ell mzecfling

019aab376

Fig 14. Terminal program set-up

13. Hit RESET button.

14. The output of the code is shown in Fig 15. The menu below shows how to enter the
three low power modes (use lower case to enter modes).
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EMTER WHICH MODE ¥OU WAWNT TO ENWTER - LPC11688
SLEEP mode

*a’ — IRC <1ZMH=>

*h' — System Oscillator <12HH=>

‘o' — 8Bystem Oscillator with PLL <(58MH=>

DEEPF SLEEP mode
*d* — All OFF

DEEF POWER DOUN mode
‘e’ — Enter DEEP POUER DOUN

Option:

019aab377

Fig 15. Low power mode demo

15. To wake up the device:
a. Press ‘BL_EN'’ push button to exit sleep and deep-sleep modes.
b. Press WAKEUP push button to exit deep power-down mode.

16. For Sleep and Deep Sleep modes, the wake-up times can be measured by using the
following pins:

a. Trigger pin (PIO0_2) - Used to get the device out of the sleep mode or deep-sleep
mode. The pin is triggered externally (falling edge) to wake the device up using an
external push button.

b. Strobe pin (P102_0) — After wake-up, the device returns into run mode, and this
pin is set high within the WAKEUP_IRQHANDLER() subroutine.

17. As shown in Fig 16, the wakeup time is the difference between the falling edge of the
trigger pin (yellow waveform) and the rising edge of the Strobe pin (green waveform).

Trigger Pin
(Falling Edge)
Wake up time

Strobe Pin
(Rising Edge)

019aab378

Fig 16. Low power mode demo
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Power measurements and Wake-Up measurements using Demo 1

Table 1 shows the typical power consumption and wake-up measurements using demo
1.

Table 1.  Typical power consumption (3.3 V, Temp = 25 °C)

Low power modes Ivdd current Wake-up
Sleep mode (IRC (12 MHz), all 2mA 4.7 us
peripherals off)

Sleep mode (System Osc (12 MHz), all 2 mA 4.7 us
peripherals off)

Sleep mode (System Osc with PLL 6 mA 1.18 us
enabled (50 MHz), all peripherals off)

Deep-sleep Mode (Watchdog Osc off 2 pA (LPC11xx(L) series) 56 us
and BOD off) 6 pA (LPC 11xx and LPC11Cxx series)

Deep Power-down Mode (note 1) 220 nA 240 ps

Note 1: Wake-up from deep power-down behaves like a chip reset. Demos provided with
this application note are not readily set-up to measure the wake-up time for deep power-
down mode. Using demo 1, user can set the strobe pin to be high in the reset handler

(See the cr_startup_Ipcll.c source file). The time between when the WAKEUP pin is

triggered (goes low) and when the strobe pin goes high in the reset handler is the wake-
up time for deep power-down mode.

LPCXpresso Application Set-up for Demo 2

As mentioned before, demo 2 configures the watchdog oscillator at lowest frequency to
clock the 16-bit Timer O in run and deep sleep modes. The device generates a repetitive
self wake-up from deep-sleep mode and toggles a port pin when in run mode.

Application is set-up as follows:

1. Connect the USB cable to power up the LPCXpresso target board.
Open LPCXpresso IDE and import LPC1100 self wakeup.zip file
Build the project by selecting the Build ‘all projects’ (Debug)
Download the code by selecting the Debug ‘wake-up’ (Debug)
Then terminate the debug session once code is downloaded.
Power cycle the LPCXpresso target board.

N o g ks oeDbd

The wake-up time can be measured by using the following pins:

a. Trigger pin (PIO0_8/CT16B0_MATO) — Timer Output to get the device out of the
deep-sleep mode.

b. Strobe pin (PIO0_7) — After wake-up, the device returns into run mode, and this
pin is toggles 4 times within the WAKEUP_IRQHANDLER() subroutine.

8. Fig 17 shows the waveform output of the Timer match output and GPIO pin.
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1) Active Mode
lvdd = ~1.2 mA when GPIO pin (strobe} goes high
Ilvdd = ~429 uA when GPIO pin (strobe) goes low

2) Deep Sleep (D5)

lvdd = 2 uA (LPC1 1xxiL) series)
lvdd = 6 uA (LPC1 i and LFC11Cxx series)

019aab379

Fig 17. Low power mode self-wakeup demo

9. As shown in Fig 18, the wakeup time is the difference between the rising edge of the
trigger pin and the first falling edge of the Strobe pin.

Trigger Pin P
(Rising Edge)

e |
TR IGR Wake up time

<“4— Strobe Pin
(Falling Edge)

019aab380

Fig 18. Low power mode self-wakeup demo

10. Please note that once the code for demo 2 is downloaded, the device enters and
exits deep-sleep mode on a repetitive basis. User must put the device first in ISP
mode to erase or re-program the flash. See the LPC11xx User Manual for details on
how to enter ISP mode.

4.2.1.8 Power measurements and Wake-Up Measurements using Demo 2

Table 2 shows the typical power consumption and self wake-up measurements using
demo 2.
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Table 2.  Typical power consumption (3.3V, Temp = 25 °C)
Low power modes Ivdd current Wake-up
Deep-Sleep mode (Watchdog Oscillator 3 pA (LPC11xx(L) series) 7.0 ms

(%3 kHz) enabled, 16-bit Timer 0 on, BOD 7 ;A (LPC 11xx and LPC11Cxx series)
(0)

AN11027

In conclusion, the LPC11xx, LPC11xx(L) and LPC11Cxx series provides great flexibility
and various options for users to achieve low power consumption and wake-up flexibility.
As shown in Table 1, the user has various low power mode options to choose from in
order to achieve the desired power consumption by trading up or down wake-up time of
the device. This flexibility allows a trade-off between power consumption and wake-up
speed based on the user’s application requirements.

In addition, user has the option of using the self wake-up feature and would not require
an external component to wake the device up from deep sleep mode. With the self wake-
up feature, user can still achieve low power consumption but the trade off will be a longer
wake-up time as shown in Table 2. To achieve a faster wake-up time for deep-sleep
mode, the user will need an external event trigger, switch the clock source to IRC before
going into deep sleep mode and turn the Watchdog Oscillator off in deep-sleep mode.
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6.1 Definitions

Draft — The document is a draft version only. The content is still under
internal review and subject to formal approval, which may result in
modifications or additions. NXP Semiconductors does not give any
representations or warranties as to the accuracy or completeness of
information included herein and shall have no liability for the consequences
of use of such information.

6.2 Disclaimers

Limited warranty and liability — Information in this document is believed to
be accurate and reliable. However, NXP Semiconductors does not give any
representations or warranties, expressed or implied, as to the accuracy or
completeness of such information and shall have no liability for the
consequences of use of such information.

In no event shall NXP Semiconductors be liable for any indirect, incidental,
punitive, special or consequential damages (including - without limitation -
lost profits, lost savings, business interruption, costs related to the removal
or replacement of any products or rework charges) whether or not such
damages are based on tort (including negligence), warranty, breach of
contract or any other legal theory.

Notwithstanding any damages that customer might incur for any reason
whatsoever, NXP Semiconductors’ aggregate and cumulative liability
towards customer for the products described herein shall be limited in
accordance with the Terms and conditions of commercial sale of NXP
Semiconductors.

Right to make changes — NXP Semiconductors reserves the right to make
changes to information published in this document, including without
limitation specifications and product descriptions, at any time and without
notice. This document supersedes and replaces all information supplied prior
to the publication hereof.

Suitability for use — NXP Semiconductors products are not designed,
authorized or warranted to be suitable for use in life support, life-critical or
safety-critical systems or equipment, nor in applications where failure or
malfunction of an NXP Semiconductors product can reasonably be expected
to result in personal injury, death or severe property or environmental
damage. NXP Semiconductors accepts no liability for inclusion and/or use of
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NXP Semiconductors products in such equipment or applications and
therefore such inclusion and/or use is at the customer’s own risk.

Applications — Applications that are described herein for any of these
products are for illustrative purposes only. NXP Semiconductors makes no
representation or warranty that such applications will be suitable for the
specified use without further testing or modification.

Customers are responsible for the design and operation of their applications
and products using NXP Semiconductors products, and NXP
Semiconductors accepts no liability for any assistance with applications or
customer product design. It is customer’s sole responsibility to determine
whether the NXP Semiconductors product is suitable and fit for the
customer’s applications and products planned, as well as for the planned
application and use of customer’s third party customer(s). Customers should
provide appropriate design and operating safeguards to minimize the risks
associated with their applications and products.

NXP Semiconductors does not accept any liability related to any default,
damage, costs or problem which is based on any weakness or default in the
customer’s applications or products, or the application or use by customer’s
third party customer(s). Customer is responsible for doing all necessary
testing for the customer’s applications and products using NXP
Semiconductors products in order to avoid a default of the applications and
the products or of the application or use by customer’s third party
customer(s). NXP does not accept any liability in this respect.

Export control — This document as well as the item(s) described herein
may be subject to export control regulations. Export might require a prior
authorization from national authorities.

6.3 Trademarks

Notice: All referenced brands, product names, service names and
trademarks are property of their respective owners.
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