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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 LPC804
 32-bit Arm Cortex-M0+ microcontroller
Wake-up from deep-sleep and power-down modes on activity on USART, SPI, and 
I2C peripherals.

Wake-up from deep power-down mode on multiple pins.

 Timer-controlled self wake-up from sleep, deep-sleep, and power-down modes.

 Power-On Reset (POR).

 Brownout detect (BOD).

 Unique device serial number for identification.

 Single power supply (1.71 V to 3.6 V).

 Operating temperature range -40 °C to +105 °C.

 Available in WLCSP20, TSSOP20, TSSOP24, and HVQFN33 packages.
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NXP Semiconductors LPC804
 32-bit Arm Cortex-M0+ microcontroller
5. Marking

 

 

The LPC804 HVQFN33 packages have the following top-side marking::

• First line: LPC804M1

• Second line: xxxx

• Third line: yywwx[R]

– yyww: Date code with yy = year and ww = week.

– xR = Boot code version and device revision.

The LPC804 TSSOP20 packages typically have the following top-side marking:

• First line: LPC804

• Second line: M101

• Third line: xxxx

• Fourth line: xxywwx[R]

– yww: Date code with y = year and ww = week.

– xR = Boot code version and device revision.

The LPC804 TSSOP24 packages have the following top-side marking:

Fig 1. TSSOP20 and TSSOP24 package markings Fig 2. HVQFN33 package marking 
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NXP Semiconductors LPC804
 32-bit Arm Cortex-M0+ microcontroller
• The switch matrix provides level shifter functionality to allow up to two selected 
signals to be routed from user-selected pins in one voltage domain to selected pins in 
the alternate domain. This feature can also be used on a single supply device if 
voltage level shifting is not required.

Remark: The functionality of each I/O pin is flexible and is determined entirely through the 
switch matrix. See Section 9.9 for details.

9.8.1 Standard I/O pad configuration

Figure 10 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: Programmable input digital filter selectable on all pins.

• Analog input: Selected through the switch matrix.

 

Fig 10. Standard I/O pad configuration
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NXP Semiconductors LPC804
 32-bit Arm Cortex-M0+ microcontroller
9.9 Switch Matrix (SWM)

The switch matrix controls the function of each digital or mixed analog/digital pin in a 
highly flexible way by allowing to connect many functions like the USART, SPI, CTimer, 
Capacitive Touch, and I2C functions to any pin that is not power or ground. These 
functions are called movable functions and are listed in Table 5.

Functions that need specialized pads can be enabled or disabled through the switch 
matrix. These functions are called fixed-pin functions and cannot move to other pins. The 
fixed-pin functions are listed in Section 7.2 “Pin description”. If a fixed-pin function is 
disabled, any other movable function can be assigned to this pin.

9.10 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.

LPC804 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 7 MHz.

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

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

All GPIO port pins are fixed-pin functions that are enabled or disabled on the pins by the 
switch matrix. Therefore each GPIO port pin is assigned to one specific pin and cannot be 
moved to another pin. Except for pins SWDIO/PIO0_2, SWCLK/PIO0_3, and 
RESET/PIO0_5, the switch matrix enables the GPIO port pin function by default.

9.10.1 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.

• All I/O default to GPIO inputs with internal pull-up resistors enabled after reset.

• Pull-up/pull-down configuration, repeater, and open-drain modes can be programmed 
through the IOCON block for each GPIO pin (see Figure 10).

• Direction (input/output) can be set and cleared individually.

• Pin direction bits can be toggled.

9.11 Pin interrupt

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

Any digital pin, independently of the function selected through the switch matrix, can be 
configured through the SYSCON block as input to the pin interrupt. The registers that 
control the pin interrupt are on the IO+ bus for fast single-cycle access.
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NXP Semiconductors LPC804
 32-bit Arm Cortex-M0+ microcontroller
9.20.1 Features

• The PLU is used to create small combinatorial and/or sequential logic networks 
including simple state machines.

• The PLU is comprised of an array of 26 inter-connectable, 5-input Look-up Table 
(LUT) elements, and four flip-flops.

• Eight primary outputs can be selected using a multiplexer from among all of the LUT 
outputs and the four flip-flops.

• An external clock to drive the four flip-flops must be applied to the PLU_CLKIN pin if a 
sequential network is implemented.

• Programmable logic can be used to drive on-chip inputs/triggers through external 
pin-to-pin connections.

• A tool suite is provided to facilitate programming of the PLU to implement the logic 
network described in a Verilog RTL design.

Remark: PLU cannot be used to wake-up from sleep, deep-sleep, power-down, and deep 
power-down modes.

9.21 Analog comparator (ACMP)

The analog comparator with selectable hysteresis can compare voltage levels on external 
pins and internal voltages. 

After power-up and after switching the input channels of the comparator, the output of the 
voltage ladder must be allowed to settle to its stable value before it can be used as a 
comparator reference input. Settling times are given in Table 27.

The analog comparator output is a movable function and is assigned to a pin through the 
switch matrix. The comparator inputs and the voltage reference are enabled through the 
switch matrix.
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9.24 CRC engine

The Cyclic Redundancy Check (CRC) generator with programmable polynomial settings 
supports several CRC standards commonly used. To save system power and bus 
bandwidth, the CRC engine supports DMA transfers.

9.24.1 Features

• Supports three common polynomials CRC-CCITT, CRC-16, and CRC-32.

– CRC-CCITT: x16 + x12 + x5 + 1

– CRC-16: x16 + x15 + x2 + 1

– CRC-32: x32 + x26 + x23 + x22 + x16 + x12 + x11 + x10 + x8 + x7 + x5 + x4 + x2 + x + 1

• Bit order reverse and 1’s complement programmable setting for input data and CRC 
sum.

• Programmable seed number setting.

• Supports CPU PIO or DMA back-to-back transfer.

• Accept any size of data width per write: 8, 16 or 32-bit.

– 8-bit write: 1-cycle operation.

– 16-bit write: 2-cycle operation (8-bit x 2-cycle).

– 32-bit write: 4-cycle operation (8-bit x 4-cycle).
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9.25.4 Power control

The LPC804 supports the Arm Cortex-M0+ sleep mode. The CPU clock rate may also be 
controlled as needed by changing clock sources, and/or altering the CPU clock divider 
value. This 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, allowing to fine-tune 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.

9.25.4.1 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 may generate 
interrupts to cause the processor to resume execution. sleep mode eliminates dynamic 
power used by the processor itself, memory systems and related controllers, and internal 
buses.

9.25.4.2 Deep-sleep mode

In deep-sleep mode, the LPC804 core is in sleep mode and all peripheral clocks and all 
clock sources are off except for the FRO or low-power oscillator if selected. The FRO 
output is disabled. In addition, all analog blocks are shut down and the flash is in standby 
mode. In deep-sleep mode, the application can keep the low power oscillator and the 
BOD circuit running for self-timed wakeup and BOD protection. 

The LPC804 can wake up from deep-sleep mode via a reset, digital pins selected as 
inputs to the pin interrupt block, a watchdog timer interrupt, an interrupt from Capacitive 
Touch, or an interrupt from the USART (if the USART is configured in synchronous slave 
mode), the SPI (in slave mode), or the I2C blocks (in slave mode).

Any interrupt used for waking up from deep-sleep mode must be enabled in one of the 
SYSCON wake-up enable registers and the NVIC.

Deep-sleep mode saves power and allows for short wake-up times.

9.25.4.3 Power-down mode

In power-down mode, the LPC804 is in sleep mode and all peripheral clocks and all clock 
sources are off except for low-power oscillator if selected. In addition, all analog blocks 
and the flash are shut down. In power-down mode, the application can keep the 
low-power oscillator and the BOD circuit running for self-timed wake up and BOD 
protection. 

The LPC804 can wake up from power-down mode via a reset, digital pins selected as 
inputs to the pin interrupt block, a watchdog timer interrupt, an interrupt from Capacitive 
Touch, or an interrupt from the USART (if the USART is configured in synchronous slave 
mode), the SPI (in slave mode), or the I2C blocks (in slave mode).

Any interrupt used for waking up from power-down mode must be enabled in one of the 
SYSCON wake-up enable registers and the NVIC.
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9.27 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 LPC804 is 
in reset. The JTAG boundary scan pins are selected by hardware when the part is in 
boundary scan mode. See Table 4.

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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WKT not running.

Fig 19. Deep power-down mode: Typical supply current IDD versus temperature for 
different supply voltages VDD
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Fig 26. I2C-bus pins clock timing
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13.8 Wake-up process
 

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

[2] The wake-up time measured is the time between when a GPIO input pin is triggered to wake the device up 
from the low power modes and from when a GPIO output pin is set in the interrupt service routine (ISR) 
wake-up handler. ISR is located in SRAM.

[3] FRO enabled, all peripherals off. 

[4] Wake up from deep power-down causes the part to go through entire reset

process. The wake-up time measured is the time between when the Wake-Up pin is triggered to wake the

device up and when a GPIO output pin is set in the reset handler.

Table 23. Dynamic characteristic: Typical wake-up times from low power modes
VDD = 3.3 V;Tamb = 25 C; Using FRO (15 MHz) as the system clock.

Symbol Parameter Conditions Min Typ[1] Max Unit

twake wake-up 
time

from sleep mode [2][3] - 1.97 - s

from deep-sleep mode [2] - 2.07 - s

from power-down mode [2] - 25 - s

from deep power-down mode [4] - 313 - s
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14.2.1 ADC input impedance

Figure 31 shows the ADC input impedance. In this figure:

• ADCx represents ADC input channel 0.

• ADCy represents ADC input channels 1 to 11.

• R1 and Rsw are the switch-on resistance on the ADC input channel.

• If ADC input channel 0 is selected, the ADC input signal goes through R1 + Rsw to the 
sampling capacitor (Cia).

• If ADC input channels 1 to 11 are selected, the ADC input signal goes through Rsw to 
the sampling capacitor (Cia).

• Typical values, R1 = 5.6 k, Rsw = 6.9 k

• To calculate total resistance, use the following equation:

– RTOTAL = Rexternal + Rinternal

– Rexternal = External resistance on the ADC input channel.

– Rinternal for channel 0 = R1 +RSW = 12.5 k.

– Rinternal for channels 1 to 11 = 6.9 k.

• See Table 11 for Cio.

• See Table 25 for Cia.

 

Fig 31. ADC input impedance 
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[1] Characterized though limited samples. Not tested in production.

[2] All peripherals except comparator, temperature sensor, and FRO turned off.

14.4 DAC
 

[1] Typical ratings are not guaranteed. The values listed are for room temperature (25 C) and 
VDD = VDDA = 3.6 V.

[2] Characterized through bench measurements, not tested in production. 

[3] DAC output voltage depends on the voltage divider ratio of the ROUT and external load resistance.

Table 29. Comparator voltage ladder reference static characteristics 
VDD = 1.8 V to 3.6 V. Tamb = -40 C to + 105C; external or internal reference.

Symbol Parameter Conditions Min Typ[1] Max Unit

EV(O) output voltage error decimal code = 00 [2] - 6 - mV

decimal code = 08 - 1 - %

decimal code = 16 - 1 - %

decimal code = 24 - 1 - %

decimal code = 30 - 1 - %

decimal code = 31 - 1 - %

Table 30. 10-bit DAC electrical characteristics
VDD = VDDA = 2.7 V to 3.6 V; Tamb = 40 C to +105 C unless otherwise specified

Symbol Parameter Min Typ Max Unit

ED differential linearity error [1][2] - 0.4 - LSB

EL(adj) integral non-linearity [1][2] - 6.0 - LSB

EO offset error [1][2] - 57.0 - mV

EG gain error [1][2] - 36.0 - mV

CL load capacitance - 200 - pF

ROUT PIO0_19/DACOUT_0 pin resistance [3] - 90 200 

VOUT Output voltage range 0.175 - VDDA-0.175 V
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15.3 I/O power consumption

I/O pins are contributing to the overall dynamic and static power consumption of the part. 
If pins are configured as digital inputs, a static current can flow depending on the voltage 
level at the pin and the setting of the internal pull-up and pull-down resistors. This current 
can be calculated using the parameters Rpu and Rpd given in Table 14 for a given input 
voltage VI. For pins set to output, the current drive strength is given by parameters IOH and 
IOL in Table 14, but for calculating the total static current, you also need to consider any 
external loads connected to the pin.

I/O pins also contribute to the dynamic power consumption when the pins are switching 
because the VDD supply provides the current to charge and discharge all internal and 
external capacitive loads connected to the pin in addition to powering the I/O circuitry.

The contribution from the I/O switching current Isw can be calculated as follows for any 
given switching frequency fsw if the external capacitive load (Cext) is known (see Table 14 
for the internal I/O capacitance):

Isw = VDD x fsw x (Cio + Cext)
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Fig 40. Reflow soldering of the TSSOP24 package
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Fig 41. Reflow soldering for the HVQFN33 (5x5) package

Footprint information for reflow soldering of HVQFN33 package 

occupied area

solder paste

solder land

Dimensions in mm

P

0.5

                               002aag766Issue date 11-11-15
11-11-20

Ax Ay Bx C D

5.95 5.95 4.25 0.85

By

4.25 0.27

Gx

5.25

Gy

5.25

Hy

6.2

Hx

6.2

SLx SLy nSPx nSPy

3.75 3.75 3 3

0.30

0.60

detail X

C

SLy

D

SLx

Bx

Ay

P

nSPy

nSPx

see detail X

Gx

Hx

GyHy By

Ax
LPC804 All information provided in this document is subject to legal disclaimers. © NXP Semiconductors N.V. 2018. All rights reserved.

Product data sheet Rev. 1.4 — 12 July 2018 78 of 87



NXP Semiconductors LPC804
 32-bit Arm Cortex-M0+ microcontroller
 

Fig 42. Reflow soldering for the WLCSP20 package (1 of 3)
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Fig 44. Reflow soldering for the WLCSP20 package (3 of 3)
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21. Legal information

21.1 Data sheet status
 

[1] Please consult the most recently issued document before initiating or completing a design. 

[2] The term ‘short data sheet’ is explained in section “Definitions”. 

[3] The product status of device(s) described in this document may have changed since this document was published and may differ in case of multiple devices. The latest product status 
information is available on the Internet at URL http://www.nxp.com. 

21.2 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.

Short data sheet — A short data sheet is an extract from a full data sheet 
with the same product type number(s) and title. A short data sheet is intended 
for quick reference only and should not be relied upon to contain detailed and 
full information. For detailed and full information see the relevant full data 
sheet, which is available on request via the local NXP Semiconductors sales 
office. In case of any inconsistency or conflict with the short data sheet, the 
full data sheet shall prevail.

Product specification — The information and data provided in a Product 
data sheet shall define the specification of the product as agreed between 
NXP Semiconductors and its customer, unless NXP Semiconductors and 
customer have explicitly agreed otherwise in writing. In no event however, 
shall an agreement be valid in which the NXP Semiconductors product is 
deemed to offer functions and qualities beyond those described in the 
Product data sheet.

21.3 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. NXP Semiconductors takes no 
responsibility for the content in this document if provided by an information 
source outside of NXP Semiconductors.

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 and its suppliers accept no liability for 
inclusion and/or use of 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.

Limiting values — Stress above one or more limiting values (as defined in 
the Absolute Maximum Ratings System of IEC 60134) will cause permanent 
damage to the device. Limiting values are stress ratings only and (proper) 
operation of the device at these or any other conditions above those given in 
the Recommended operating conditions section (if present) or the 
Characteristics sections of this document is not warranted. Constant or 
repeated exposure to limiting values will permanently and irreversibly affect 
the quality and reliability of the device.

Terms and conditions of commercial sale — NXP Semiconductors 
products are sold subject to the general terms and conditions of commercial 
sale, as published at http://www.nxp.com/profile/terms, unless otherwise 
agreed in a valid written individual agreement. In case an individual 
agreement is concluded only the terms and conditions of the respective 
agreement shall apply. NXP Semiconductors hereby expressly objects to 
applying the customer’s general terms and conditions with regard to the 
purchase of NXP Semiconductors products by customer.

No offer to sell or license — Nothing in this document may be interpreted or 
construed as an offer to sell products that is open for acceptance or the grant, 
conveyance or implication of any license under any copyrights, patents or 
other industrial or intellectual property rights.

Document status[1][2] Product status[3] Definition

Objective [short] data sheet Development This document contains data from the objective specification for product development. 

Preliminary [short] data sheet Qualification This document contains data from the preliminary specification. 

Product [short] data sheet Production This document contains the product specification. 
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