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Welcome to E-XFL.COM

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 LPC1850/30/20/10
32-bit ARM Cortex-M3 microcontroller
4. Ordering information

 

4.1 Ordering options
 

Table 1. Ordering information

Type number Package

Name Description Version

LPC1850FET256 LBGA256 Plastic low profile ball grid array package; 256 balls; body 17  17  1 mm SOT740-2

LPC1850FET180 TFBGA180 Thin fine-pitch ball grid array package; 180 balls SOT570-3

LPC1830FET256 LBGA256 Plastic low profile ball grid array package; 256 balls; body 17  17  1 mm SOT740-2

LPC1830FET180 TFBGA180 Thin fine-pitch ball grid array package; 180 balls SOT570-3

LPC1830FET100 TFBGA100 Plastic thin fine-pitch ball grid array package; 100 balls; body 9  9  0.7 mm SOT926-1

LPC1830FBD144 LQFP144 Plastic low profile quad flat package; 144 leads; body 20  20  1.4 mm SOT486-1

LPC1820FET100 TFBGA100 Plastic thin fine-pitch ball grid array package; 100 balls; body 9  9  0.7 mm SOT926-1

LPC1820FBD144 LQFP144 Plastic low profile quad flat package; 144 leads; body 20  20  1.4 mm SOT486-1

LPC1810FET100 TFBGA100 Plastic thin fine-pitch ball grid array package; 100 balls; body 9  9  0.7 mm SOT926-1

LPC1810FBD144 LQFP144 Plastic low profile quad flat package; 144 leads; body 20  20  1.4 mm SOT486-1

Table 2. Ordering options

Type number Total 
SRAM

LCD Ethernet USB0 
(Host, 
Device, 
OTG)

USB1 
(Host, 
Device)/
ULPI 
interface

ADC 
channels

Motor 
control 
PWM

QEI GPIO Package

LPC1850FET256 200 kB yes yes yes yes/yes 8 yes yes 164 LBGA256

LPC1850FET180 200 kB yes yes yes yes/yes 8 yes yes 118 TFBGA180

LPC1830FET256 200 kB no yes yes yes/yes 8 yes yes 164 LBGA256

LPC1830FET180 200 kB no yes yes yes/yes 8 yes yes 118 TFBGA180

LPC1830FET100 200 kB no yes yes yes/no 4 no no 49 TFBGA100

LPC1830FBD144 200 kB no yes yes yes/no 8 yes no 83 LQFP144

LPC1820FET100 168 kB no no yes no 4 no no 49 TFBGA100

LPC1820FBD144 168 kB no no yes no 8 yes no 83 LQFP144

LPC1810FET100 136 kB no no no no 4 no no 49 TFBGA100

LPC1810FBD144 136 kB no no no no 8 yes no 83 LQFP144
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NXP Semiconductors LPC1850/30/20/10
32-bit ARM Cortex-M3 microcontroller
5. Block diagram

 

(1) Not available on all parts (see Table 2).

Fig 1. LPC1850/30/20/10 block diagram
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NXP Semiconductors LPC1850/30/20/10
32-bit ARM Cortex-M3 microcontroller
P2_5 K14 J12 D10 91 [3] N; PU - R — Function reserved.

I CTIN_2 — SCTimer/PWM input 2. Capture input 2 of timer 0.

I USB1_VBUS — Monitors the presence of USB1 bus power.

Note: This signal must be HIGH for USB reset to occur.

I ADCTRIG1 — ADC trigger input 1.

I/O GPIO5[5] — General purpose digital input/output pin.

- R — Function reserved.

O T3_MAT2 — Match output 2 of timer 3.

O USB0_IND0 — USB0 port indicator LED control 
output 0.

P2_6 K16 J14 G9 95 [2] N; PU - R — Function reserved.

I/O U0_DIR — RS-485/EIA-485 output enable/direction control for 
USART0.

I/O EMC_A10 — External memory address line 10.

O USB0_IND0 — USB0 port indicator LED control 
output 0.

I/O GPIO5[6] — General purpose digital input/output pin.

I CTIN_7 — SCTimer/PWM input 7. 

I T3_CAP3 — Capture input 3 of timer 3.

- R — Function reserved.

P2_7 H14 G12 C10 96 [2] N; PU I/O GPIO0[7] — General purpose digital input/output pin. ISP 
entry pin. If this pin is pulled LOW at reset, the part enters ISP 
mode using USART0. 

O CTOUT_1 — SCTimer/PWM output 1. Match output 3 of 
timer 3.

I/O U3_UCLK — Serial clock input/output for USART3 in 
synchronous mode.

I/O EMC_A9 — External memory address line 9.

- R — Function reserved.

- R — Function reserved.

O T3_MAT3 — Match output 3 of timer 3.

- R — Function reserved.

Table 3. Pin description …continued
LCD, Ethernet, USB0, and USB1 functions are not available on all parts. See Table 2.
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NXP Semiconductors LPC1850/30/20/10
32-bit ARM Cortex-M3 microcontroller
PC_3 F5 - - - [5] N; PU I/O USB1_ULPI_D5 — ULPI link bidirectional data line 5.

- R — Function reserved.

O U1_RTS — Request to Send output for UART1. Can also be 
configured to be an RS-485/EIA-485 output enable signal for 
UART1.

O ENET_TXD3 — Ethernet transmit data 3 (MII interface).

I/O GPIO6[2] — General purpose digital input/output pin.

- R — Function reserved.

- R — Function reserved.

O SD_VOLT1 — SD/MMC bus voltage select output 1.

AI ADC1_0 — ADC1 and ADC0, input channel shared with DAC 
output. Configure the pin as GPIO input and use the ADC 
function select register in the SCU to select the ADC.

PC_4 F4 - - - [2] N; PU - R — Function reserved.

I/O USB1_ULPI_D4 — ULPI link bidirectional data line 4.

- R — Function reserved.

ENET_TX_EN — Ethernet transmit enable (RMII/MII 
interface).

I/O GPIO6[3] — General purpose digital input/output pin.

- R — Function reserved.

I T3_CAP1 — Capture input 1 of timer 3.

I/O SD_DAT0 — SD/MMC data bus line 0.

PC_5 G4 - - - [2] N; PU - R — Function reserved.

I/O USB1_ULPI_D3 — ULPI link bidirectional data line 3.

- R — Function reserved.

O ENET_TX_ER — Ethernet Transmit Error (MII interface).

I/O GPIO6[4] — General purpose digital input/output pin.

- R — Function reserved.

I T3_CAP2 — Capture input 2 of timer 3.

I/O SD_DAT1 — SD/MMC data bus line 1.

PC_6 H6 - - - [2] N; PU - R — Function reserved.

I/O USB1_ULPI_D2 — ULPI link bidirectional data line 2.

- R — Function reserved.

I ENET_RXD2 — Ethernet receive data 2 (MII interface).

I/O GPIO6[5] — General purpose digital input/output pin.

- R — Function reserved.

I T3_CAP3 — Capture input 3 of timer 3.

I/O SD_DAT2 — SD/MMC data bus line 2.

Table 3. Pin description …continued
LCD, Ethernet, USB0, and USB1 functions are not available on all parts. See Table 2.
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NXP Semiconductors LPC1850/30/20/10
32-bit ARM Cortex-M3 microcontroller
PD_8 P8 - - - [2] N; PU - R — Function reserved.

I CTIN_6 — SCTimer/PWM input 6. Capture input 1 of timer 3.

I/O EMC_D22 — External memory data line 22.

- R — Function reserved.

I/O GPIO6[22] — General purpose digital input/output pin.

- R — Function reserved.

- R — Function reserved.

- R — Function reserved.

PD_9 T11 - - - [2] N; PU - R — Function reserved.

O CTOUT_13 — SCTimer/PWM output 13. Match output 3 of 
timer 3.

I/O EMC_D23 — External memory data line 23.

- R — Function reserved.

I/O GPIO6[23] — General purpose digital input/output pin.

- R — Function reserved.

- R — Function reserved.

- R — Function reserved.

PD_10 P11 - - - [2] N; PU - R — Function reserved.

I CTIN_1 — SCTimer/PWM input 1. Capture input 1 of timer 0. 
Capture input 1 of 
timer 2.

O EMC_BLS3 — LOW active Byte Lane select signal 3.

- R — Function reserved.

I/O GPIO6[24] — General purpose digital input/output pin.

- R — Function reserved.

- R — Function reserved.

- R — Function reserved.

PD_11 N9 M7 - - [2] N; PU - R — Function reserved.

- R — Function reserved.

O EMC_CS3 — LOW active Chip Select 3 signal.

- R — Function reserved.

I/O GPIO6[25] — General purpose digital input/output pin.

I/O USB1_ULPI_D0 — ULPI link bidirectional data line 0.

O CTOUT_14 — SCTimer/PWM output 14. Match output 2 of 
timer 3.

- R — Function reserved.

Table 3. Pin description …continued
LCD, Ethernet, USB0, and USB1 functions are not available on all parts. See Table 2.
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NXP Semiconductors LPC1850/30/20/10
32-bit ARM Cortex-M3 microcontroller
PD_16 R14 P12 - - [2] N; PU - R — Function reserved.

- R — Function reserved.

I/O EMC_A16 — External memory address line 16.

- R — Function reserved.

I/O GPIO6[30] — General purpose digital input/output pin.

O SD_VOLT2 — SD/MMC bus voltage select output 2.

O CTOUT_12 — SCTimer/PWM output 12. Match output 3 of 
timer 3.

- R — Function reserved.

PE_0 P14 N12 - - [2] N; PU - R — Function reserved.

- R — Function reserved.

- R — Function reserved.

I/O EMC_A18 — External memory address line 18.

I/O GPIO7[0] — General purpose digital input/output pin.

O CAN1_TD — CAN1 transmitter output.

- R — Function reserved.

- R — Function reserved.

PE_1 N14 M12 - - [2] N; PU - R — Function reserved.

- R — Function reserved.

- R — Function reserved.

I/O EMC_A19 — External memory address line 19.

I/O GPIO7[1] — General purpose digital input/output pin.

I CAN1_RD — CAN1 receiver input.

- R — Function reserved.

- R — Function reserved.

PE_2 M14 L12 - - [2] N; PU I ADCTRIG0 — ADC trigger input 0.

I CAN0_RD — CAN receiver input.

- R — Function reserved.

I/O EMC_A20 — External memory address line 20.

I/O GPIO7[2] — General purpose digital input/output pin.

- R — Function reserved.

- R — Function reserved.

- R — Function reserved.

Table 3. Pin description …continued
LCD, Ethernet, USB0, and USB1 functions are not available on all parts. See Table 2.
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NXP Semiconductors LPC1850/30/20/10
32-bit ARM Cortex-M3 microcontroller
PF_9 D6 - - - [5] N; PU - R — Function reserved.

I/O U0_DIR — RS-485/EIA-485 output enable/direction control for 
USART0.

O CTOUT_1 — SCTimer/PWM output 1. Match output 3 of 
timer 3.

- R — Function reserved.

I/O GPIO7[23] — General purpose digital input/output pin.

- R — Function reserved.

- R — Function reserved.

- R — Function reserved.

AI ADC1_2 — ADC1 and ADC0, input channel 2. Configure the 
pin as GPIO input and use the ADC function select register in 
the SCU to select the ADC.

PF_10 A3 - - - [5] N; PU - R — Function reserved.

O U0_TXD — Transmitter output for USART0.

- R — Function reserved.

- R — Function reserved.

I/O GPIO7[24] — General purpose digital input/output pin.

- R — Function reserved.

I SD_WP — SD/MMC card write protect input.

- R — Function reserved.

AI ADC0_5 — ADC0 and ADC1, input channel 5. Configure the 
pin as GPIO input and use the ADC function select register in 
the SCU to select the ADC.

PF_11 A2 - - - [5] N; PU - R — Function reserved.

I U0_RXD — Receiver input for USART0.

- R — Function reserved.

- R — Function reserved.

I/O GPIO7[25] — General purpose digital input/output pin.

- R — Function reserved.

O SD_VOLT2 — SD/MMC bus voltage select output 2.

- R — Function reserved.

AI ADC1_5 — ADC1 and ADC0, input channel 5. Configure the 
pin as GPIO input and use the ADC function select register in 
the SCU to select the ADC.

Table 3. Pin description …continued
LCD, Ethernet, USB0, and USB1 functions are not available on all parts. See Table 2.
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NXP Semiconductors LPC1850/30/20/10
32-bit ARM Cortex-M3 microcontroller
Debug pins

DBGEN L4 K4 A6 28 [2] I; PU I JTAG interface control signal. Also used for boundary scan. To 
use the part in functional mode, connect this pin in one of the 
following ways:

• Leave DBGEN open. The DBGEN pin is pulled up 
internally by a 50 kΩ resistor.

• Tie DBGEN to VDDIO.

• Pull DBGEN up to VDDIO with an external pull-up resistor.

TCK/SWDCLK J5 G5 H2 27 [2] I; F I Test Clock for JTAG interface (default) or Serial Wire (SW) 
clock.

TRST M4 L4 B4 29 [2] I; PU I Test Reset for JTAG interface.

TMS/SWDIO K6 K5 C4 30 [2] I; PU I Test Mode Select for JTAG interface (default) or SW debug 
data input/output.

TDO/SWO K5 J5 H3 31 [2] O O Test Data Out for JTAG interface (default) or SW trace output.

TDI J4 H4 G3 26 [2] I; PU I Test Data In for JTAG interface.

USB0 pins

USB0_DP F2 E2 E1 18 [6] - I/O USB0 bidirectional D+ line. Do not add an external series 
resistor.

USB0_DM G2 F2 E2 20 [6] - I/O USB0 bidirectional D line. Do not add an external series 
resistor.

USB0_VBUS F1 E1 E3 21 [6]

[7]
- I/O VBUS pin (power on USB cable). This pin includes an internal 

pull-down resistor of 64 k (typical)  16 k.

USB0_ID H2 G2 F1 22 [8] - I Indicates to the transceiver whether connected as an A-device 
(USB0_ID LOW) or B-device (USB0_ID HIGH). For use with 
OTG, this pin has an internal pull-up resistor.

USB0_RREF H1 G1 F3 24 [8] - 12.0 k (accuracy 1 %) on-board resistor to ground for current 
reference.

USB1 pins

USB1_DP F12 D11 E9 89 [9] - I/O USB1 bidirectional D+ line. Add an external series resistor of 
33  +/- 2 %.

USB1_DM G12 E11 E10 90 [9] - I/O USB1 bidirectional D line. Add an external series resistor of 
33  +/- 2 %.

I2C-bus pins

I2C0_SCL L15 K13 D6 92 [10] I; F I/O I2C clock input/output. Open-drain output (for I2C-bus 
compliance).

I2C0_SDA L16 K14 E6 93 [10] I; F I/O I2C data input/output. Open-drain output (for I2C-bus 
compliance).

Reset and wake-up pins

RESET D9 C7 B6 128 [11] I; IA I External reset input: A LOW-going pulse as short as 50 ns on 
this pin resets the device, causing I/O ports and peripherals to 
take on their default states, and processor execution to begin 
at address 0. This pin does not have an internal pull-up.

Table 3. Pin description …continued
LCD, Ethernet, USB0, and USB1 functions are not available on all parts. See Table 2.
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7. Functional description

7.1 Architectural overview

The ARM Cortex-M3 includes three AHB-Lite buses: the system bus, the I-code bus, and 
the D-code bus. The I-code and D-code core buses allow for concurrent code and data 
accesses from different slave ports.

The LPC1850/30/20/10 use a multi-layer AHB matrix to connect the ARM Cortex-M3 
buses and other bus masters to peripherals. Flexible connections allow different bus 
masters to access peripherals that are on different slave ports of the matrix 
simultaneously.

7.2 ARM Cortex-M3 processor

The ARM Cortex-M3 is a general purpose, 32-bit microprocessor, which offers high 
performance and low-power consumption. The ARM Cortex-M3 offers many new 
features, including a Thumb-2 instruction set, low interrupt latency, hardware division, 
hardware single-cycle multiply, interruptable/continuable multiple load and store 
instructions, automatic state save and restore for interrupts, tightly integrated interrupt 
controller with wake-up interrupt controller, and multiple core buses capable of 
simultaneous accesses.

Pipeline techniques are employed so that all parts of the processing and memory systems 
can operate continuously. Typically, while one instruction is being executed, its successor 
is being decoded, and a third instruction is being fetched from memory.

The ARM Cortex-M3 processor is described in detail in the Cortex-M3 Technical 
Reference Manual.

7.3 System Tick timer (SysTick)

The ARM Cortex-M3 includes a system tick timer (SYSTICK) that is intended to generate 
a dedicated SYSTICK exception at a 10 ms interval. 
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7.4 AHB multilayer matrix
 

7.5 Nested Vectored Interrupt Controller (NVIC)

The NVIC is part of the Cortex-M3. The tight coupling to the CPU allows for low interrupt 
latency and efficient processing of late arriving interrupts.

7.5.1 Features

• Controls system exceptions and peripheral interrupts.

• On the LPC1850/30/20/10, the NVIC supports 53 vectored interrupts.

• Eight programmable interrupt priority levels, with hardware priority level masking.

• Relocatable vector table.

• Non-Maskable Interrupt (NMI).

• Software interrupt generation.

(1) Not available on all parts (see Table 2).

Fig 6. AHB multilayer matrix master and slave connections
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7.14 Digital serial peripherals

7.14.1 UART

The LPC1850/30/20/10 contain one UART with standard transmit and receive data lines. 
UART1 also provides a full modem control handshake interface and support for 
RS-485/9-bit mode allowing both software address detection and automatic address 
detection using 9-bit mode.

UART1 includes a fractional baud rate generator. Standard baud rates such as 115200 Bd 
can be achieved with any crystal frequency above 2 MHz.

7.14.1.1 Features

• Maximum UART data bit rate of 8 MBit/s.

• 16 B Receive and Transmit FIFOs.

• Register locations conform to 16C550 industry standard.

• Receiver FIFO trigger points at 1 B, 4 B, 8 B, and 14 B.

• Built-in fractional baud rate generator covering wide range of baud rates without a 
need for external crystals of particular values.

• Auto baud capabilities and FIFO control mechanism that enables software flow 
control implementation.

• Equipped with standard modem interface signals. This module also provides full 
support for hardware flow control (auto-CTS/RTS). 

• Support for RS-485/9-bit/EIA-485 mode (UART1).

• DMA support.

7.14.2 USART

Remark: The LPC1850/30/20/10 contain three USARTs. In addition to standard transmit 
and receive data lines, the USARTs support a synchronous mode and a smart card mode.

The USARTs include a fractional baud rate generator. Standard baud rates such as 
115200 Bd can be achieved with any crystal frequency above 2 MHz.

7.14.2.1 Features

• Maximum UART data bit rate of 8 MBit/s.

• 16 B Receive and Transmit FIFOs.

• Register locations conform to 16C550 industry standard.

• Receiver FIFO trigger points at 1 B, 4 B, 8 B, and 14 B.

• Built-in fractional baud rate generator covering wide range of baud rates without a 
need for external crystals of particular values.

• Auto baud capabilities and FIFO control mechanism that enables software flow 
control implementation.

• Support for RS-485/9-bit/EIA-485 mode.

• USART3 includes an IrDA mode to support infrared communication.

• All USARTs have DMA support.

• Support for synchronous mode at a data bit rate of up to 8 Mbit/s.
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and velocity. In addition, a third channel, or index signal, can be used to reset the position 
counter. The quadrature encoder interface decodes the digital pulses from a quadrature 
encoder wheel to integrate position over time and determine direction of rotation. In 
addition, the QEI can capture the velocity of the encoder wheel.

7.15.3.1 Features

• Tracks encoder position.

• Increments/decrements depending on direction.

• Programmable for 2 or 4 position counting.

• Velocity capture using built-in timer.

• Velocity compare function with “less than” interrupt.

• Uses 32-bit registers for position and velocity.

• Three position-compare registers with interrupts.

• Index counter for revolution counting.

• Index compare register with interrupts.

• Can combine index and position interrupts to produce an interrupt for whole and 
partial revolution displacement.

• Digital filter with programmable delays for encoder input signals.

• Can accept decoded signal inputs (clk and direction).

7.15.4 Repetitive Interrupt (RI) timer

The repetitive interrupt timer provides a free-running 32-bit counter which is compared to 
a selectable value, generating an interrupt when a match occurs. Any bits of the timer 
compare function can be masked such that they do not contribute to the match detection. 
The repetitive interrupt timer can be used to create an interrupt that repeats at 
predetermined intervals.

7.15.4.1 Features

• 32-bit counter. Counter can be free-running or be reset by a generated interrupt.

• 32-bit compare value.

• 32-bit compare mask. An interrupt is generated when the counter value equals the 
compare value, after masking. This mechanism allows for combinations not possible 
with a simple compare.

7.15.5 Windowed WatchDog Timer (WWDT)

The purpose of the watchdog is to reset the controller if software fails to periodically 
service it within a programmable time window. 

7.15.5.1 Features

• Internally resets chip if not periodically reloaded during the programmable time-out 
period.

• Optional windowed operation requires reload to occur between a minimum and 
maximum time period, both programmable.
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7.18.8 Reset Generation Unit (RGU)

The RGU allows generation of independent reset signals for individual blocks and 
peripherals.

7.18.9 Power control

The LPC1850/30/20/10 feature several independent power domains to control power to 
the core and the peripherals (see Figure 9). The RTC and its associated peripherals (the 
alarm timer, the CREG block, the OTP controller, the back-up registers, and the event 
router) are located in the RTC power-domain. The main regulator or a battery supply can 
power the RTC. A power selector switch ensures that the RTC block is always powered 
on.

 

The LPC1850/30/20/10 support four reduced power modes: Sleep, Deep-sleep, 
Power-down, and Deep power-down.

Fig 9. LPC1850/30/20/10 power domains
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10.3 BOD characteristics
 

[1] Interrupt and reset levels are selected by writing to the BODLV1/2 bits in the control register CREGE0, see 
the LPC18xx user manual.

Table 12. BOD static characteristics[1]

Tamb = 25 C; typical data.

Symbol Parameter Conditions Min Typ Max Unit

Vth threshold voltage interrupt level 0

assertion - 2.75 - V

de-assertion - 2.92 - V

interrupt level 1

assertion - 2.85 - V

de-assertion - 3.00 - V

interrupt level 2

assertion - 2.95 - V

de-assertion - 3.12 - V

interrupt level 3

assertion - 3.05 - V

de-assertion - 3.19 - V

reset level 0

assertion - 1.70 - V

de-assertion - 1.85 - V

reset level 1

assertion - 1.80 - V

de-assertion - 1.95 - V

reset level 2

assertion - 1.90 - V

de-assertion - 2.05 - V

reset level 3

assertion - 2.00 - V

de-assertion - 2.15 - V
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[9] A Fast-mode I2C-bus device can be used in a Standard-mode I2C-bus system but the requirement tSU;DAT = 250 ns must then be met. 
This will automatically be the case if the device does not stretch the LOW period of the SCL signal. If such a device does stretch the 
LOW period of the SCL signal, it must output the next data bit to the SDA line tr(max) + tSU;DAT = 1000 + 250 = 1250 ns (according to the 
Standard-mode I2C-bus specification) before the SCL line is released. Also the acknowledge timing must meet this set-up time.

 

11.9 I2S-bus interface
 

[1] Clock to the I2S-bus interface BASE_APB1_CLK = 150 MHz; peripheral clock to the I2S-bus interface 
PCLK = BASE_APB1_CLK / 12. I2S clock cycle time Tcy(clk) = 79.2 ns; corresponds to the SCK signal in the 
I2S-bus specification.

Fig 26. I2C-bus pins clock timing
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tLOW

tSU;DAT

Table 21. Dynamic characteristics: I2S-bus interface pins
Tamb = 25 C; 2.2 V  VDD(REG)(3V3)   3.6 V; 2.7 V  VDD(IO)   3.6 V; CL = 20 pF. Conditions and data 
refer to I2S0 and I2S1 pins. Simulated values.

Symbol Parameter Conditions Min Typ Max Unit

common to input and output

tr rise time - 4 - ns

tf fall time - 4 - ns

tWH pulse width HIGH on pins I2Sx_TX_SCK 
and I2Sx_RX_SCK

36 - - ns

tWL pulse width LOW on pins I2Sx_TX_SCK 
and I2Sx_RX_SCK

36 - - ns

output

tv(Q) data output valid time on pin I2Sx_TX_SDA [1] - 4.4 - ns

on pin I2Sx_TX_WS - 4.3 - ns

input

tsu(D) data input set-up time on pin I2Sx_RX_SDA [1] - 0 - ns

on pin I2Sx_RX_WS 0.20 ns

th(D) data input hold time on pin I2Sx_RX_SDA [1] - 3.7 - ns

on pin I2Sx_RX_WS - 3.9 - ns
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12. ADC/DAC electrical characteristics

 

[1] The ADC is monotonic, there are no missing codes.

[2] The differential linearity error (ED) is the difference between the actual step width and the ideal step width. See Figure 39.

[3] 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 39.

[4] 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 39.

[5] The gain error (EG) is the relative difference in percent 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 39.

[6] The absolute error (ET) is the maximum difference between the center of the steps of the actual transfer curve of the non-calibrated 
ADC and the ideal transfer curve. See Figure 39.

[7] Tamb = 25 C.

[8] Input resistance Ri depends on the sampling frequency fs: Ri = 2 k + 1 / (fs  Cia). 

Table 33. ADC characteristics
VDDA(3V3) over specified ranges; Tamb = 40 C to +85 C; unless otherwise specified.

Symbol Parameter Conditions Min Typ Max Unit

VIA analog input voltage 0 - VDDA(3V3) V

Cia analog input capacitance - - 2 pF

ED differential linearity error 2.7 V  VDDA(3V3)  3.6 V [1][2] - 0.8 - LSB

2.2 V  VDDA(3V3) < 2.7 V - 1.0 - LSB

EL(adj) integral non-linearity 2.7 V  VDDA(3V3)  3.6 V [3] - 0.8 - LSB

2.2 V  VDDA(3V3) < 2.7 V - 1.5 - LSB

EO offset error 2.7 V  VDDA(3V3)  3.6 V [4] - 0.15 - LSB

2.2 V  VDDA(3V3) < 2.7 V - 0.15 - LSB

EG gain error 2.7 V  VDDA(3V3)  3.6 V [5] - 0.3 - %

2.2 V  VDDA(3V3) < 2.7 V - 0.35 - %

ET absolute error 2.7 V  VDDA(3V3)  3.6 V [6] - 3 - LSB

2.2 V  VDDA(3V3) < 2.7 V - 4 - LSB

Rvsi voltage source interface 
resistance

see Figure 40 - - 1/(7  fclk(ADC) 
 Cia)

k

Ri input resistance [7][8] - - 1.2 M

fclk(ADC) ADC clock frequency - - 4.5 MHz

fs sampling frequency 10-bit resolution; 11 clock 
cycles

- - 400 kSamples/s

2-bit resolution; 3 clock 
cycles

1.5 MSamples/s
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13. Application information

13.1 LCD panel signal usage
 

 

Table 35. LCD panel connections for STN single panel mode

External pin 4-bit mono STN single panel 8-bit mono STN single panel Color STN single panel

LPC18xx pin 
used

LCD function LPC18xx pin 
used

LCD function LPC18xx pin 
used

LCD function

LCD_VD[23:8] - - - - - -

LCD_VD7 - - P8_4 UD[7] P8_4 UD[7]

LCD_VD6 - - P8_5 UD[6] P8_5 UD[6]

LCD_VD5 - - P8_6 UD[5] P8_6 UD[5]

LCD_VD4 - - P8_7 UD[4] P8_7 UD[4]

LCD_VD3 P4_2 UD[3] P4_2 UD[3] P4_2 UD[3]

LCD_VD2 P4_3 UD[2] P4_3 UD[2] P4_3 UD[2]

LCD_VD1 P4_4 UD[1] P4_4 UD[1] P4_4 UD[1]

LCD_VD0 P4_1 UD[0] P4_1 UD[0] P4_1 UD[0]

LCD_LP P7_6 LCDLP P7_6 LCDLP P7_6 LCDLP

LCD_ENAB/
LCDM

P4_6 LCDENAB/
LCDM

P4_6 LCDENAB/
LCDM

P4_6 LCDENAB/
LCDM

LCD_FP P4_5 LCDFP P4_5 LCDFP P4_5 LCDFP

LCD_DCLK P4_7 LCDDCLK P4_7 LCDDCLK P4_7 LCDDCLK

LCD_LE P7_0 LCDLE P7_0 LCDLE P7_0 LCDLE

LCD_PWR P7_7 CDPWR P7_7 LCDPWR P7_7 LCDPWR

GP_CLKIN PF_4 LCDCLKIN PF_4 LCDCLKIN PF_4 LCDCLKIN

Table 36. LCD panel connections for STN dual panel mode

External pin 4-bit mono STN dual panel 8-bit mono STN dual panel Color STN dual panel

LPC18xx pin 
used

LCD function LPC18xx pin 
used

LCD function LPC18xx pin 
used

LCD function

LCD_VD[23:16] - - - - - -

LCD_VD15 - - PB_4 LD[7] PB_4 LD[7]

LCD_VD14 - - PB_5 LD[6] PB_5 LD[6]

LCD_VD13 - - PB_6 LD[5] PB_6 LD[5]

LCD_VD12 - - P8_3 LD[4] P8_3 LD[4]

LCD_VD11 P4_9 LD[3] P4_9 LD[3] P4_9 LD[3]

LCD_VD10 P4_10 LD[2] P4_10 LD[2] P4_10 LD[2]

LCD_VD9 P4_8 LD[1] P4_8 LD[1] P4_8 LD[1]

LCD_VD8 P7_5 LD[0] P7_5 LD[0] P7_5 LD[0]

LCD_VD7 - - UD[7] P8_4 UD[7]

LCD_VD6 - - P8_5 UD[6] P8_5 UD[6]

LCD_VD5 - - P8_6 UD[5] P8_6 UD[5]

LCD_VD4 - - P8_7 UD[4] P8_7 UD[4]

LCD_VD3 P4_2 UD[3] P4_2 UD[3] P4_2 UD[3]
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13.2 Crystal oscillator

The crystal oscillator is controlled by the XTAL_OSC_CTRL register in the CGU (see 
LPC18xx user manual).

The crystal oscillator operates at frequencies of 1 MHz to 25 MHz. This frequency can be 
boosted to a higher frequency, up to the maximum CPU operating frequency, by the PLL. 

The oscillator can operate in one of two modes: slave mode and oscillation mode.

• In slave mode, couple the input clock signal with a capacitor of 100 pF (CC in 
Figure 41), with an amplitude of at least 200 mV (RMS). The XTAL2 pin in this 
configuration can be left unconnected.

• External components and models used in oscillation mode are shown in Figure 42, 
and in Table 38 and Table 39. Since the feedback resistance is integrated on chip, 
only a crystal and the capacitances CX1 and CX2 need to be connected externally in 
case of fundamental mode oscillation (L, CL and RS represent the fundamental 
frequency). Capacitance CP in Figure 42 represents the parallel package capacitance 
and must not be larger than 7 pF. Parameters FC, CL, RS and CP are supplied by the 
crystal manufacturer.

 

LCD_VD0 - - - - - - P4_1 RED0

LCD_LP P7_6 LCDLP P7_6 LCDLP P7_6 LCDLP P7_6 LCDLP

LCD_ENAB
/LCDM

P4_6 LCDENAB/
LCDM

P4_6 LCDENAB/
LCDM

P4_6 LCDENAB/
LCDM

P4_6 LCDENAB/
LCDM

LCD_FP P4_5 LCDFP P4_5 LCDFP P4_5 LCDFP P4_5 LCDFP

LCD_DCLK P4_7 LCDDCLK P4_7 LCDDCLK P4_7 LCDDCLK P4_7 LCDDCLK

LCD_LE P7_0 LCDLE P7_0 LCDLE P7_0 LCDLE P7_0 LCDLE

LCD_PWR P7_7 LCDPWR P7_7 LCDPWR P7_7 LCDPWR P7_7 LCDPWR

GP_CLKIN PF_4 LCDCLKIN PF_4 LCDCLKIN PF_4 LCDCLKIN PF_4 LCDCLKIN

Table 37. LCD panel connections for TFT panels

External 
pin

TFT 12 bit (4:4:4 
mode)

TFT 16 bit (5:6:5 mode) TFT 16 bit (1:5:5:5 mode) TFT 24 bit 

LPC18xx 
pin used

LCD 
function

LPC18xx 
pin used 

LCD 
function

LPC18xx pin 
used

LCD 
function

LPC18xx 
pin used

LCD 
function

Table 38. Recommended values for CX1/X2 in oscillation mode (crystal and external 
components parameters) low frequency mode 

Fundamental oscillation 
frequency

Maximum crystal series 
resistance RS

External load capacitors 
CX1, CX2

2 MHz < 200  33 pF, 33 pF

< 200  39 pF, 39 pF

< 200  56 pF, 56 pF

4 MHz < 200  18 pF, 18 pF

< 200  39 pF, 39 pF

< 200  56 pF, 56 pF

8 MHz < 200  18 pF, 18 pF

< 200  39 pF, 39 pF
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Remark: If the VBUS function of the USB1 interface is not connected, configure the pin 
function for GPIO using the function control bits in the SYSCON block. 

 

Remark: In OTG mode, it is important to be able to detect the VBUS level and to charge 
and discharge VBUS. This requires adding active devices that disconnect the link when 
VDDIO is not present.

Fig 47. USB interface on a bus-powered device

Fig 48. USB interface if the USB operates in OTG mode

REGULATOR

VBUSUSBn_VBUS

LPC18xx
VDDREG

USB-B
connectorUSB

aaa-013016

VBUSUSBn_VBUS

LPC18xx

VDDIO

USB-B
connectorUSB

aaa-013017

T2

T1

R1

R2

R3
LPC1850_30_20_10 All information provided in this document is subject to legal disclaimers. © NXP Semiconductors N.V. 2016. All rights reserved.

Product data sheet Rev. 6.7 — 14 March 2016 135 of 153



NXP Semiconductors LPC1850/30/20/10
32-bit ARM Cortex-M3 microcontroller
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 competent authorities.

Non-automotive qualified products — Unless this data sheet expressly 
states that this specific NXP Semiconductors product is automotive qualified, 
the product is not suitable for automotive use. It is neither qualified nor tested 
in accordance with automotive testing or application requirements. NXP 
Semiconductors accepts no liability for inclusion and/or use of 
non-automotive qualified products in automotive equipment or applications.

In the event that customer uses the product for design-in and use in 
automotive applications to automotive specifications and standards, customer 
(a) shall use the product without NXP Semiconductors’ warranty of the 
product for such automotive applications, use and specifications, and (b) 

whenever customer uses the product for automotive applications beyond 
NXP Semiconductors’ specifications such use shall be solely at customer’s 
own risk, and (c) customer fully indemnifies NXP Semiconductors for any 
liability, damages or failed product claims resulting from customer design and 
use of the product for automotive applications beyond NXP Semiconductors’ 
standard warranty and NXP Semiconductors’ product specifications.

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

I2C-bus  — logo is a trademark of NXP B.V.

20. Contact information

For more information, please visit: http://www.nxp.com

For sales office addresses, please send an email to: salesaddresses@nxp.com
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