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What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
Microcontrollers"

Embedded microcontrollers are used in virtually every
sector of electronics, providing the necessary control and
processing power for a multitude of applications. In
consumer electronics, they manage the operations of
smartphones, home appliances, and wearable devices. In
automotive systems, microcontrollers control engine
functions, safety features, and infotainment systems.
Industrial applications rely on microcontrollers for
automation, robotics, and process control. Additionally,
microcontrollers are integral in medical devices, handling
functions such as monitoring, diagnostics, and control of
therapeutic equipment. Their versatility and
programmability make them essential components in
creating efficient, responsive, and intelligent electronic
systems.

Common Subcategories of "Embedded -
Microcontrollers"

Embedded microcontrollers can be categorized based on
their architecture, performance, and application focus.
Common subcategories include 8-bit, 16-bit, and 32-bit
microcontrollers, differentiated by their processing power
and memory capacity. 8-bit microcontrollers are typically
used in simple applications like basic control systems and
small devices. 16-bit microcontrollers offer a balance
between performance and complexity, suitable for
medium-scale applications like industrial automation. 32-
bit microcontrollers provide high performance and are
used in complex applications requiring advanced
processing, such as automotive systems and sophisticated
consumer electronics. Each subcategory serves a specific
range of applications, providing tailored solutions for
different performance and complexity needs.

Types of "Embedded - Microcontrollers"

There are various types of embedded microcontrollers,
each designed to meet specific application requirements.
General-purpose microcontrollers are versatile and used in
a wide range of applications, offering a balance of
performance, memory, and peripheral options. Special-
purpose microcontrollers are tailored for specific tasks,
such as automotive controllers, which include features like
built-in motor control peripherals and automotive-grade
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NXP Semiconductors LPC11U6x
 32-bit ARM Cortex-M0+ microcontroller
 Power profiles.

 Flash In-Application Programming (IAP) and In-System Programming (ISP). 

 32-bit integer division routines.

 Digital peripherals:

 Simple DMA engine with 16 channels and programmable input triggers.

 High-speed GPIO interface connected to the ARM Cortex-M0+ IO bus with up to 80 
General-Purpose I/O (GPIO) pins with configurable pull-up/pull-down resistors, 
programmable open-drain mode, input inverter, and programmable glitch filter and 
digital filter.

 Pin interrupt and pattern match engine using eight selectable GPIO pins.

 Two GPIO group interrupt generators.

 CRC engine.

 Configurable PWM/timer subsystem (two 16-bit and two 32-bit standard 
counter/timers, two State-Configurable Timers (SCTimer/PWM)) that provides:

 Up to four 32-bit and two 16-bit counter/timers or two 32-bit and six 16-bit 
counter/timers.

 Up to 21 match outputs and 16 capture inputs.

 Up to 19 PWM outputs with 6 independent time bases.

 Windowed WatchDog timer (WWDT).

 Real-time Clock (RTC) in the always-on power domain with separate battery supply 
pin and 32 kHz oscillator.

 Analog peripherals:

 One 12-bit ADC with up to 12 input channels with multiple internal and external 
trigger inputs and with sample rates of up to 2 Msamples/s. The ADC supports two 
independent conversion sequences. 

 Temperature sensor.

 Serial interfaces:

 Up to five USART interfaces, all with DMA, synchronous mode, and RS-485 mode 
support. Four USARTs use a shared fractional baud generator. 

 Two SSP controllers with DMA support.

 Two I2C-bus interfaces. One I2C-bus interface with specialized open-drain pins 
supports I2C Fast-mode plus.

 USB 2.0 full-speed device controller with on-chip PHY. XTAL-less low-speed mode 
supported.

 Clock generation:

 12 MHz internal RC oscillator trimmed to 1 % accuracy for 25 C  Tamb  +85 C 
that can optionally be used as a system clock.

 On-chip 32 kHz oscillator for RTC. 

 Crystal oscillator with an operating range of 1 MHz to 25 MHz. Oscillator pins are 
shared with the GPIO pins.

 Programmable watchdog oscillator with a frequency range of 9.4 kHz to 2.3 MHz.

 PLL allows CPU operation up to the maximum CPU rate without the need for a 
high-frequency crystal. 

 A second, dedicated PLL is provided for USB. 

 Clock output function with divider that can reflect the crystal oscillator, the main 
clock, the IRC, or the watchdog oscillator.
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NXP Semiconductors LPC11U6x
 32-bit ARM Cortex-M0+ microcontroller
PIO0_6

         

23 29 44 [6] I; PU IO PIO0_6 — General-purpose port 0 input/output 6.

- R — Reserved.

IO SSP0_SCK — Serial clock for SSP0.

- R_4 — Reserved.

PIO0_7

         

24 30 45 [5] I; PU IO PIO0_7 — General-purpose port 0 input/output 7 
(high-current output driver).

I U0_CTS — Clear To Send input for USART.

- R_5 — Reserved.

IO I2C1_SCL — I2C-bus clock input/output. This pin is not 
open-drain.

PIO0_8

         

26 37 58 [6] I; PU IO PIO0_8 — General-purpose port 0 input/output 8.

IO SSP0_MISO — Master In Slave Out for SSP0.

O CT16B0_MAT0 — Match output 0 for 16-bit timer 0.

- R_6 — Reserved.

PIO0_9

         

27 38 59 [6] I; PU IO PIO0_9 — General-purpose port 0 input/output 9.

IO SSP0_MOSI — Master Out Slave In for SSP0.

O CT16B0_MAT1 — Match output 1 for 16-bit timer 0.

- R_7 — Reserved.

SWCLK/PIO0_10

         

28 39 60 [6] I; PU IO SWCLK — Serial Wire Clock. SWCLK is enabled by 
default on this pin. In boundary scan mode: TCK (Test 
Clock).

IO PIO0_10 — General-purpose digital input/output pin.

IO SSP0_SCK — Serial clock for SSP0.

O CT16B0_MAT2 — 16-bit timer0 MAT2

TDI/PIO0_11

         

30 42 64 [3] I; PU IO TDI — Test Data In for JTAG interface. In boundary scan 
mode only.

IO PIO0_11 — General-purpose digital input/output pin.

AI ADC_9 — A/D converter, input channel 9.

O CT32B0_MAT3 — Match output 3 for 32-bit timer 0.

O U1_RTS — Request To Send output for USART1.

IO U1_SCLK — Serial clock input/output for USART1 in 
synchronous mode.

TMS/PIO0_12

         

31 43 66 [3] I; PU IO TMS — Test Mode Select for JTAG interface. In boundary 
scan mode only.

IO PIO0_12 — General-purpose digital input/output pin.

AI ADC_8 — A/D converter, input channel 8.

I CT32B1_CAP0 — Capture input 0 for 32-bit timer 1.

I U1_CTS — Clear To Send input for USART1.

Table 3. Pin description
Pin functions are selected through the IOCON registers. See Table 2 for availability of USART3 and USART4 pin functions. 
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Type Description of pin functions
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 32-bit ARM Cortex-M0+ microcontroller
PIO1_5

         

- - 47 [6] I; PU IO PIO1_5 — General-purpose digital input/output pin.

I CT32B1_CAP1 — Capture input 1 for 32-bit timer 1.

- R_15 — Reserved.

I U0_DCD — Data Carrier Detect input for USART0.

PIO1_6

         

- - 98 [6] I; PU IO PIO1_6 — General-purpose digital input/output pin.

- R_16 — Reserved.

I U2_RXD — Receiver input for USART2.

I CT32B0_CAP2 — Capture input 2 for 32-bit timer 0.

PIO1_7

         

- 6 10 [6] I; PU IO PIO1_7 — General-purpose digital input/output pin.

- R_17 — Reserved.

I U2_CTS — Clear To Send input for USART2.

I CT16B1_CAP0 — Capture input 0 for 32-bit timer 1.

PIO1_8

         

- - 61 [6] I; PU IO PIO1_8 — General-purpose digital input/output pin.

- R_18 — Reserved.

O U1_TXD — Transmitter output for USART1.

I CT16B0_CAP0 — Capture input 0 for 16-bit timer 0.

PIO1_9

         

- 55 86 [3] I; PU IO PIO1_9 — General-purpose digital input/output pin.

I U0_CTS — Clear To Send input for USART0.

O CT16B1_MAT1 — Match output 1 for 16-bit timer 1.

I ADC_0 — A/D converter, input channel 0.

PIO1_10

         

- 13 18 [6] I; PU IO PIO1_10 — General-purpose digital input/output pin.

O U2_RTS — Request To Send output for USART2.

IO U2_SCLK — Serial clock input/output for USART2 in 
synchronous mode.

O CT16B1_MAT0 — Match output 0 for 16-bit timer 1.

PIO1_11

         

- - 65 [6] I; PU IO PIO1_11 — General-purpose digital input/output pin.

IO I2C1_SCL — I2C1-bus clock input/output (not open-drain).

O CT16B0_MAT2 — Match output 2 for 16-bit timer 0.

I U0_RI — Ring Indicator input for USART0.

PIO1_12

         

- - 89 [6] I; PU IO PIO1_12 — General-purpose digital input/output pin.

IO SSP0_MOSI — Master Out Slave In for SSP0.

O CT16B0_MAT1 — Match output 1 for 16-bit timer 0.

- R_21 — Reserved.

PIO1_13

         

36 49 78 [6] I; PU IO PIO1_13 — General-purpose digital input/output pin.

I U1_CTS — Clear To Send input for USART1.

O SCT0_OUT3 — SCTimer0/PWM output 3.

- R_22 — Reserved.

Table 3. Pin description
Pin functions are selected through the IOCON registers. See Table 2 for availability of USART3 and USART4 pin functions. 
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NXP Semiconductors LPC11U6x
 32-bit ARM Cortex-M0+ microcontroller
• Digital filter with programmable filter constant on all pins. The minimum filter constant 
is 1/50 MHz = 20 ns.

8.9.2 Standard I/O pad configuration

Figure 9 shows the possible pin modes for standard I/O pins with analog input function:

• Digital output driver with configurable open-drain output

• Digital input: Weak pull-up resistor (PMOS device) enabled/disabled

• Digital input: Weak pull-down resistor (NMOS device) enabled/disabled

• Digital input: Repeater mode enabled/disabled

• Digital input: Input digital filter selectable on all pins. In addition, a 10 ns digital glitch 
filter is selectable on pins with analog function.

• Analog input

 

8.10 Fast General-Purpose parallel I/O (GPIO)

Device pins that are not connected to a specific peripheral function are controlled by the 
GPIO registers. Pins may be dynamically configured as inputs or outputs. Multiple outputs 
can be set or cleared in one write operation.

Fig 9. Standard I/O pin configuration

PIN
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pull-up
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pull-down
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pull-up

weak
pull-down
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enable

pull-up enable

pull-down enable

select data
inverter

data output

data input
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filter
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pin configured
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driver

pin configured
as digital input

pin configured
as analog input

PROGRAMMABLE
DIGITAL FILTER 10 ns GLITCH
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LPC11U6x use accelerated GPIO functions:

• GPIO registers are on the ARM Cortex M0+ IO bus for fastest possible single-cycle 
I/O timing, allowing GPIO toggling with rates of up to 25 MHz.

• An entire port value can be written in one instruction.

• Mask, set, and clear operations are supported for the entire port.

8.10.1 Features

• Bit level port registers allow a single instruction to set and clear any number of bits in 
one write operation.

• Direction control of individual bits.

8.11 Pin interrupt/pattern match engine

The pin interrupt block configures up to eight pins from all digital pins for providing eight 
external interrupts connected to the NVIC. 

The pattern match engine can be used, in conjunction with software, to create complex 
state machines based on pin inputs.

Any digital pin except pins PIO2_8 and PIO2_23 can be configured through the SYSCON 
block as input to the pin interrupt or pattern match engine. The registers that control the 
pin interrupt or pattern match engine are on the IO+ bus for fast single-cycle access.

8.11.1 Features

• Pin interrupts

– Up to eight pins can be selected from all digital pins except pins PIO2_8 and 
PIO2_23 as edge- or level-sensitive interrupt requests. Each request creates a 
separate interrupt in the NVIC.

– Edge-sensitive interrupt pins can interrupt on rising or falling edges or both.

– Level-sensitive interrupt pins can be HIGH- or LOW-active.

– Pin interrupts can wake up the part from sleep mode, deep-sleep mode, and 
power-down mode. 

• Pin interrupt pattern match engine

– Up to 8 pins can be selected from all digital pins except pins PIO2_8 and PIO2_23 
to contribute to a boolean expression. The boolean expression consists of 
specified levels and/or transitions on various combinations of these pins.

– Each minterm (product term) comprising the specified boolean expression can 
generate its own, dedicated interrupt request.

– Any occurrence of a pattern match can be programmed to generate an RXEV 
notification to the ARM CPU as well. 

– The pattern match engine does not facilitate wake-up.
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The standard timers and the SCTimers combine to up to eight independent timers. Each 
SCTimer can be configured either as one 32-bit timer or two independently counting 16-bit 
timers which use the same input clock. The following combinations are possible:

 

8.19.1 State Configurable Timers (SCTimer0/PWM and SCTimer1/PWM)

The state configurable timer can create timed output signals such as PWM outputs 
triggered by programmable events. Combinations of events can be used to define timer 
states. The SCTimer/PWM can control the timer operations, capture inputs, change 
states, and toggle outputs triggered only by events entirely without CPU intervention.

If multiple states are not implemented, the SCTimer/PWM simply operates as one 32-bit 
or two 16-bit timers with match, capture, and PWM functions.

3 3 3 CT32B1 three of 
CT32B1_MAT0, 
CT32B1_MAT1, 
CT32B1_MAT2, 
CT32B1_MAT3

three of 
CT32B1_MAT0, 
CT32B1_MAT1, 
CT32B1_MAT2, 
CT32B1_MAT3

three of 
CT32B1_MAT0, 
CT32B1_MAT1, 
CT32B1_MAT2, 
CT32B1_MAT3

4

4 4 3 SCTIMER0/
PWM

SCT0_OUT0, 
SCT0_OUT1, 
SCT0_OUT2, 
SCT0_OUT3

SCT0_OUT0, 
SCT0_OUT1, 
SCT0_OUT2, 
SCT0_OUT3

SCT0_OUT1, 
SCT0_OUT2, 
SCT0_OUT3

up to 5

4 2 - SCTIMER1/
PWM

SCT1_OUT0, 
SCT1_OUT1, 
SCT1_OUT2, 
SCT1_OUT3

SCT1_OUT2, 
SCT1_OUT3

- up to 5

Table 5. Timer configurations

32-bit 
timers

Resources 16-bit 
timers

Resources

4 CT32B0, CT32B1, SCTimer0/PWM 
as 32-bit timer, SCTimer1/PWM as 
32-bit timer

2 CT16B0, CT16B1

2 CT32B0, CT32B1 6 CT16B0, CT16B1, SCTimer0/PWM 
as two 16-bit timers, 
SCTimer1/PWM as two 16-bit 
timers

3 CT32B0, CT32B1, SCTimer0/PWM 
as 32-bit timer (or SCTimer1/PWM 
as 32-bit timer)

4 CT16B0, CT16B1, SCTimer1/PWM 
as two 16-bit timers (or 
SCTimer0/PWM as two 16-bit 
timers)

Table 4. PWM resources …continued
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L
Q

F
P

10
0

L
Q

F
P

64

L
Q

F
P

48

LQFP100 LQFP64 LQFP48
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8.25 Clocking and power control

8.25.1 Clock generation
 

Fig 10. Clock generation

system
oscillator

watchdog oscillator

IRC oscillator

IRC
USB PLL

USBPLLCLKSEL
(USB clock select)

SYSTEM CLOCK
DIVIDER

SYSAHBCLKCTRL
(AHB clock enable)

CPU, 
system control,
PMU 

memories, 
peripheral clocks

SSP0 PERIPHERAL
CLOCK DIVIDER SSP0

SSP1 PERIPHERAL
CLOCK DIVIDER SSP1

USART0  PERIPHERAL
CLOCK DIVIDER USART0

WDT

WDCLKSEL
(WDT clock select)

CLKOUTSEL
(CLKOUT clock select)

USB 48 MHz CLOCK
DIVIDER USB

watchdog oscillator

IRC oscillator
system oscillator

USBCLKSEL
(USB clock select)

CLKOUT PIN CLOCK
DIVIDER CLKOUT pin

RTC
 oscillator,
32 kHz
output

RTCOSCCTRL
(RTC osc enable)

system clock

SYSTEM PLL
IRC

system
oscillator

watchdog oscillator

MAINCLKSEL
(main clock select)

SYSPLLCLKSEL
(system PLL clock select)

main
clock

IRC

n

CLOCK DIVIDER
FRGCLKDIV

USART1
USART2
USART3
USART4

IOCONCLKDIV
CLOCK DIVIDER IOCON 

glitch filter
7

FRACTIONAL RATE
GENERATOR

aaa-010817
LPC11U6x All information provided in this document is subject to legal disclaimers. © NXP Semiconductors N.V. 2016. All rights reserved.

Product data sheet Rev. 1.3 — 7 September 2016 36 of 97



NXP Semiconductors LPC11U6x
 32-bit ARM Cortex-M0+ microcontroller
8.25.6 Wake-up process

The LPC11U6x begin operation by using the 12 MHz IRC oscillator as the clock source at 
power-up and when awakened from Deep power-down mode. This mechanism allows 
chip operation to resume quickly. If the application uses the main oscillator or the PLL, 
software must enable these components and wait for them to stabilize. Only then can the 
system use the PLL and main oscillator as a clock source.

8.25.7 Power control

The LPC11U6x support various power control features. There are four special modes of 
processor power reduction: Sleep mode, Deep-sleep mode, Power-down mode, and 
Deep power-down mode. The CPU clock rate can also be controlled as needed by 
changing clock sources, reconfiguring PLL values, and/or altering the CPU clock divider 
value. This power control mechanism allows a trade-off of power versus processing speed 
based on application requirements. In addition, a register is provided for shutting down the 
clocks to individual on-chip peripherals. This register allows fine-tuning of power 
consumption by eliminating all dynamic power use in any peripherals that are not required 
for the application. Selected peripherals have their own clock divider which provides even 
better power control.

8.25.7.1 Power profiles

The power consumption in Active and Sleep modes can be optimized for the application 
through simple calls to the power profile. The power configuration routine configures the 
LPC11U6x for one of the following power modes:

• Default mode corresponding to power configuration after reset.

• CPU performance mode corresponding to optimized processing capability.

• Efficiency mode corresponding to optimized balance of current consumption and CPU 
performance.

• Low-current mode corresponding to lowest power consumption.

In addition, the power profile includes routines to select the optimal PLL settings for a 
given system clock and PLL input clock.

Remark: When using the USB, configure the LPC11U6x in Default mode.

8.25.7.2 Sleep mode

When Sleep mode is entered, the clock to the core is stopped. Resumption from the Sleep 
mode does not need any special sequence but re-enabling the clock to the ARM core.

In Sleep mode, execution of instructions is suspended until either a reset or interrupt 
occurs. Peripheral functions continue operation during Sleep mode and can generate 
interrupts to cause the processor to resume execution. Sleep mode eliminates dynamic 
power used by the processor itself, by memory systems and related controllers, and by 
internal buses.
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When the internal Reset is removed, the processor begins executing at address 0, which 
is initially the Reset vector mapped from the boot block. At that point, all of the processor 
and peripheral registers have been initialized to predetermined values. The internal reset 
status is reflected on the RSTOUT pin.

In Deep power-down mode, an external pull-up resistor is required on the RESET pin.

The RESET pin is operational in active, sleep, deep-sleep, and power-down modes if the 
RESET function is selected in the IOCON register for pin PIO0_0 (this is the default). A 
LOW-going pulse as short as 50 ns executes the reset and also wakes up the part if in 
sleep, deep-sleep or power-down mode. The RESET pin is not functional in Deep 
power-down mode.

 

8.26.2 Brownout detection

The LPC11U6x includes two levels for monitoring the voltage on the VDD pin. If this 
voltage falls below one of the selected levels, the BOD asserts an interrupt signal to the 
NVIC. This signal can be enabled for interrupt in the Interrupt Enable Register in the NVIC 
to cause a CPU interrupt. Alternatively, software can monitor the signal by reading a 
dedicated status register. Two threshold levels can be selected to cause a forced reset of 
the chip.

8.26.3 Code security (Code Read Protection - CRP)

CRP provides different levels of security in the system so that access to the on-chip flash 
and use of the Serial Wire Debugger (SWD) and In-System Programming (ISP) can be 
restricted. Programming a specific pattern into a dedicated flash location invokes CRP. 
IAP commands are not affected by the CRP.

In addition, ISP entry via the PIO0_1 pin can be disabled without enabling CRP. For 
details, see the LPC11Uxx user manual.

There are three levels of Code Read Protection:

Fig 12. RESET pin configuration
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1. CRP1 disables access to the chip via the SWD and allows partial flash update 
(excluding flash sector 0) using a limited set of the ISP commands. This mode is 
useful when CRP is required and flash field updates are needed but all sectors cannot 
be erased.

2. CRP2 disables access to the chip via the SWD and only allows full flash erase and 
update using a reduced set of the ISP commands.

3. Running an application with level CRP3 selected, fully disables any access to the chip 
via the SWD pins and the ISP. This mode effectively disables ISP override using 
PIO0_1 pin as well. If necessary, the application must provide a flash update 
mechanism using IAP calls or using a call to the reinvoke ISP command to enable 
flash update via the USART.

 

In addition to the three CRP levels, sampling of pin PIO0_1 for valid user code can be 
disabled. For details, see the LPC11U6x user manual.

CAUTION

If level three Code Read Protection (CRP3) is selected, no future factory testing can be 
performed on the device.
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8.27 Emulation and debugging

Debug functions are integrated into the ARM Cortex-M0+. Serial wire debug functions are 
supported in addition to a standard JTAG boundary scan. The ARM Cortex-M0+ is 
configured to support up to four breakpoints and two watch points.

The RESET pin selects between the JTAG boundary scan (RESET = LOW) and the ARM 
SWD debug (RESET = HIGH). The ARM SWD debug port is disabled while the 
LPC11U6x is in reset. 

To perform boundary scan testing, follow these steps:

1. Erase any user code residing in flash.

2. Power up the part with the RESET pin pulled HIGH externally.

3. Wait for at least 250 s.

4. Pull the RESET pin LOW externally.

5. Perform boundary scan operations.

6. Once the boundary scan operations are completed, assert the TRST pin to enable the 
SWD debug mode, and release the RESET pin (pull HIGH).

Remark: The JTAG interface cannot be used for debug purposes.
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VOH HIGH-level output 
voltage

IOH = 12 mA; 2.4 V  VDD  2.5 V VDD  0.4 - - V

IOH = 20 mA; 2.5 V  VDD  3.6 V VDD  0.4 - - V

VOL LOW-level output 
voltage

IOL = 4 mA - - 0.4 V

IOH HIGH-level output 
current

VOH = VDD  0.4 V; 
2.4 V  VDD  2.5 V

12 - - mA

VOH = VDD  0.4 V; 
2.5 V  VDD  3.6 V

20 - - mA

IOL LOW-level output 
current

VOL = 0.4 V 4 - - mA

IOHS HIGH-level short-circuit 
output current

VOH = 0 V [16] - - 45 mA

IOLS LOW-level short-circuit 
output current

VOL = VDD
[16] - - 50 mA

Ipd pull-down current VI = 5 V [17] 10 50 150 A

Ipu pull-up current VI = 0 V [17] 10 50 85 A

VDD < VI < 5 V 0 0 0 A

I2C-bus pins (PIO0_4 and PIO0_5); see Figure 13

VIH HIGH-level input 
voltage

0.7 VDD - - V

VIL LOW-level input voltage - - 0.3 VDD V

Vhys hysteresis voltage 0.05 VDD - - V

IOL LOW-level output 
current

VOL = 0.4 V; I2C-bus pins 
configured as standard mode pins

3.5 - - mA

IOL LOW-level output 
current

VOL = 0.4 V; I2C-bus pins 
configured as Fast-mode Plus 
pins

20 - - mA

ILI input leakage current VI = VDD
[18] - 2 4 A

VI = 5 V - 10 22 A

USB_DM and USB_DP pins

VI input voltage [2] 0 - VDD V

VIH HIGH-level input 
voltage

1.5 - - V

VIL LOW-level input voltage - - 1.3 V

Vhys hysteresis voltage 0.32 - - V

Zout output impedance 28 - 44 Ω

VOH HIGH-level output 
voltage

With 15 kΩ resistor to ground 2.9 - - V

VOL LOW-level output 
voltage

With internal 1.5 kΩ resistor to 
3.6 V pull-up enabled

- - 0.18 V

IOH HIGH-level output 
current

VOH = VDD  0.3 V [19] 4.8 - - mA

IOL LOW-level output 
current

VOL = 0.3 V [19] 5.0 - - mA

Table 8. Static characteristics …continued
Tamb = 40 C to +105 C, unless otherwise specified.

Symbol Parameter Conditions Min Typ[1] Max Unit
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The power profiles optimize the chip performance for power consumption or core 
efficiency by controlling the flash access and core power. As shown in Figure 21 and 
Figure 22, different power modes result in different CoreMark scores reflecting the 
trade-off of efficiency and power consumption. In CPU and efficiency modes, the power 
profiles aim to keep the core efficiency at a maximum for the given system frequency. 
Depending on optimal flash access parameters that change with frequency, the CoreMark 
score and also the power consumption change. Since the compiled code for CoreMark 
testing runs out of flash memory, the CoreMark score depends on the compiler version.

11.3 Peripheral power consumption

The supply current per peripheral is measured as the difference in supply current between 
the peripheral block enabled and the peripheral block disabled in the SYSAHBCLKCFG 
and PDRUNCFG (for analog blocks) registers. All other blocks are disabled in both 
registers and no code accessing the peripheral is executed except for the ADC. Measured 
on a typical sample at Tamb = 25 C. Unless noted otherwise, the system oscillator and 
PLL are running in both measurements.

The supply currents are shown for system clock frequencies of 12 MHz and 48 MHz.

 

Table 9. Power consumption for individual analog and digital blocks

Peripheral

 

Typical supply current in mA Notes

n/a 12 MHz 48 MHz

IRC 0.24 - - System oscillator running; PLL off; independent 
of main clock frequency.

System oscillator at 12 MHz 0.28 - - IRC running; PLL off; independent of main clock 
frequency.

WatchDog oscillator at 
600 kHz/2

0 - - System oscillator running; PLL off; independent 
of main clock frequency.

BOD 0.05 - - Independent of main clock frequency.

System PLL 0.25 - - -

USB PLL 0.37 - - -

CLKOUT - 0.25 0.89 System PLL is source of CLKOUT. 

ROM - 0.09 0.37 -

FLASHREG - 0.17 0.66 -

FLASHARRAY - 0.13 0.52 -

SRAM1 - 0.15 0.59 -

USB SRAM - 0.14 0.56 -

GPIO + pin interrupt/pattern 
match

- 0.18 0.69 GPIO pins configured as outputs and set to 
LOW. Direction and pin state are maintained if 
the GPIO is disabled in the SYSAHBCLKCFG 
register.

IOCON - 0.08 0.30 -

SCTimer0/PWM + 
SCTimer1/PWM

- 0.29 1.1 -

CT16B0 - 0.05 0.17 -

CT16B1 - 0.04 0.16 -

CT32B0 - 0.04 0.13 -

CT32B1 - 0.03 0.13 -
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[1] Typical ratings are not guaranteed. The values listed are at room temperature (25 C), nominal supply 
voltages.

[2] The input resistance of ADC channel 0 is higher than for all other channels.

[3] Cia represents the external capacitance on the analog input channel for sampling speeds of 2 Msamples/s.

[4] The differential linearity error (ED) is the difference between the actual step width and the ideal step width. 
See Figure 35.

[5] The integral non-linearity (EL(adj)) is the peak difference between the center of the steps of the actual and 
the ideal transfer curve after appropriate adjustment of gain and offset errors. See Figure 35.

[6] The offset error (EO) is the absolute difference between the straight line which fits the actual curve and the 
straight line which fits the ideal curve. See Figure 35.

[7] The full-scale error voltage or gain error (EG) is the difference between the straight-line fitting the actual 
transfer curve after removing offset error, and the straight line which fits the ideal transfer curve. See 
Figure 35.

[8] Tamb = 25 C; maximum sampling frequency fs = 2 Msamples/s and analog input capacitance Cia = 0.32 pF.

[9] Input impedance Zi is inversely proportional to the sampling frequency and the total input capacity including 
Cia: Zi  1 / (fs  Ci). See Table 8 for Cio.

Table 22. 12-bit ADC static characteristics
Tamb = 40 C to +105 C; VDD = 2.4 V to 3.6 V; VREFP = VDDA; VSSA = 0; VREFN = VSSA. ADC 
calibrated at T = 25C.

Symbol Parameter Conditions Min Typ
[1]

Max Unit

VIA analog input 
voltage

[2] 0 - VDDA V

Cia analog input 
capacitance

[3] - - 0.32 pF

fclk(ADC) ADC clock 
frequency

VDDA 2.7 V 50 MHz

VDDA 2.4 V 25 MHz

fs sampling 
frequency

VDDA 2.7 V - - 2 Msamples/s

VDDA 2.4 V - - 1 Msamples/s

ED differential 
linearity error

[4] - - 2.5 LSB

EL(adj) integral 
non-linearity

[5] - - 2.5 LSB

EO offset error [6] - - 4.5 LSB

Verr(FS) full-scale error 
voltage

[7] - - 0.5 %

Zi input 
impedance

fs = 2 Msamples/s [8][9] 0.1 - - M
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Remark: When a self-powered circuit is used without connecting VBUS, configure the 
PIO0_3/USB_VBUS pin for GPIO (PIO0_3) and provide software that can detect the host 
presence through some other mechanism before enabling USB_CONNECT and the 
SoftConnect feature. Enabling the SoftConnect without host presence leads to USB 
compliance failure.

14.3.1 USB Low-speed operation

The USB device controller can be used in low-speed mode supporting 1.5 Mbit/s data 
exchange with a USB host controller. 

Remark: To operate in low-speed mode, change the board connections as follows:

1. Connect USB_DP to the D- pin of the connector.

2. Connect USB_DM to the D+ pin of the connector.

Use the IRC as clock source for the USB PLL to generate 48 MHz, then set the USB clock 
divider USBCLKDIV to 8 for a 6 MHz USB clock (see Figure 10 “Clock generation”).

External 10 Ω resistors are recommended in low-speed mode to reduce over-shoots and 
accommodate for 5 m cable length required for USB-IF testing.

Two options exist for connecting VBUS to the USB_VBUS pin:

(1) Connect the regulator output to USB_VBUS. In this case, the USB_VBUS signal is HIGH whenever the part is powered.

(2) Connect the VBUS signal directly from the connector to the USB_VBUS pin. In this case, 5 V are applied to the USB_VBUS pin 
while the regulator is ramping up to supply VDD. Since the PIO0_3/USB_VBUS pin is only 5 V tolerant when VDD is at operating 
level, this connection can degrade the performance of the part over its lifetime. Simulation shows that lifetime is reduced to 
15 years at Tamb = 45 °C and 8 years at Tamb = 55 °C assuming that USB_VBUS = 5 V is applied continuously while VDD = 0 V.

Fig 39. USB interface on a bus-powered device
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(1) See Section 14.4 “XTAL input and crystal oscillator component selection” for the values of C1 and C2.

(2) See Section 14.6 “RTC oscillator component selection” for the values of C3 and C4.

(3) Position the decoupling capacitors of 0.1 μF and 0.01 μF as close as possible to the VDD pin. Add one set of decoupling 
capacitors to each VDD pin.

(4) Position the decoupling capacitors of 0.1 μF as close as possible to the VREFN and VDDA pins. The 10 μF bypass capacitor 
filters the power line. Tie VDDA and VREFP to VDD if the ADC is not used. Tie VREFN to VSS if ADC is not used.

(5) Position the decoupling capacitor of 0.1 μF as close as possible to the VBAT pin. Tie VBAT to VDD if not used.

(6) Uses the ARM 10-pin interface for SWD.

(7) When measuring signals of low frequency, use a low-pass filter to remove noise and to improve ADC performance. Also see 
Ref. 3.

Fig 44. Power, clock, and debug connections
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15. Package outline

 

Fig 45. Package outline LQFP48 (SOT313-2)

UNIT
A

max. A1 A2 A3 bp c E(1) e HE L Lp Zywv θ

 REFERENCESOUTLINE
VERSION

EUROPEAN
PROJECTION ISSUE DATE

 IEC  JEDEC  JEITA

mm 1.6 0.20
0.05

1.45
1.35

0.25
0.27
0.17

0.18
0.12

7.1
6.9 0.5

9.15
8.85

0.95
0.55

7
0

o

o0.12 0.10.21

DIMENSIONS (mm are the original dimensions)

Note

1. Plastic or metal protrusions of 0.25 mm maximum per side are not included. 

0.75
0.45

 SOT313-2 MS-026136E05
00-01-19
03-02-25

D(1) (1)(1)

7.1
6.9

HD

9.15
8.85

EZ

0.95
0.55

D

bp

e

E

B

12

DH

bp

EH

v M B

D

ZD

A

ZE

e

v M A

1

48 

37

36 25

24

13

θ

A1
A

Lp

detail X

L

(A  )3
A2

X

y

c

w M

w M

0 2.5 5 mm

scale

pin 1 index

LQFP48: plastic low profile quad flat package; 48 leads; body 7 x 7 x 1.4 mm SOT313-2
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Fig 47. Package outline LQFP100 (SOT407-1)
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LQFP100: plastic low profile quad flat package; 100 leads; body 14 x 14 x 1.4 mm SOT407-1
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