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32-bit ARM Cortex-M3 microcontroller

€ Quadrature encoder interface that can monitor one external quadrature encoder.
@ One standard PWM/timer block with external count input.

@ RTC with a separate power domain and dedicated RTC oscillator. The RTC block
includes 20 bytes of battery-powered backup registers.

@ WatchDog Timer (WDT). The WDT can be clocked from the internal RC oscillator,
the RTC oscillator, or the APB clock.

¢ Arm Cortex-M3 system tick timer, including an external clock input option.

@ Repetitive interrupt timer provides programmable and repeating timed interrupts.
@ Each peripheral has its own clock divider for further power savings.

Standard JTAG debug interface for compatibility with existing tools. Serial Wire Debug
and Serial Wire Trace Port options. Boundary Scan Description Language (BSDL) is
not available for this device.

Emulation trace module enables non-intrusive, high-speed real-time tracing of
instruction execution.

Integrated PMU (Power Management Unit) automatically adjusts internal regulators to
minimize power consumption during Sleep, Deep sleep, Power-down, and Deep
power-down modes.

Four reduced power modes: Sleep, Deep-sleep, Power-down, and Deep power-down.
Single 3.3 V power supply (2.4 V to 3.6 V).

Four external interrupt inputs configurable as edge/level sensitive. All pins on Port 0
and Port 2 can be used as edge sensitive interrupt sources.

Non-maskable Interrupt (NMI) input.

Clock output function that can reflect the main oscillator clock, IRC clock, RTC clock,
CPU clock, and the USB clock.

The Wake-up Interrupt Controller (WIC) allows the CPU to automatically wake up from
any priority interrupt that can occur while the clocks are stopped in deep sleep,
Power-down, and Deep power-down modes.

Processor wake-up from Power-down mode via any interrupt able to operate during
Power-down mode (includes external interrupts, RTC interrupt, USB activity, Ethernet
wake-up interrupt, CAN bus activity, Port 0/2 pin interrupt, and NMI).

Brownout detect with separate threshold for interrupt and forced reset.
Power-On Reset (POR).
Crystal oscillator with an operating range of 1 MHz to 25 MHz.

4 MHz internal RC oscillator trimmed to 1 % accuracy that can optionally be used as a
system clock.

PLL allows CPU operation up to the maximum CPU rate without the need for a
high-frequency crystal. May be run from the main oscillator, the internal RC oscillator,
or the RTC oscillator.

USB PLL for added flexibility.

Code Read Protection (CRP) with different security levels.

Unique device serial number for identification purposes.

Available as LQFP100 (14 mm x 14 mm x 1.4 mm), TFBGA100? (9 mm x 9 mm x 0.7
mm), and WLCSP100 (5.07 x 5.07 x 0.53 mm) package.

1. LPC1768/65 only.
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32-bit ARM Cortex-M3 microcontroller

Table 5. Pin description ...continued

Symbol Pin/ball Type | Description
o o
R
a |0 |9
& |8 |2
a3 |k =
PO[11]/RXD2/ 49 K9 J10 | I/O PO[11] — General purpose digital input/output pin.
SCL2/MAT3[1] I RXD2 — Receiver input for UART2.
I/O SCL2 — I12C2 clock input/output (this is not an open-drain pin).
(0] MAT3[1] — Match output for Timer 3, channel 1.
PO[15])/TXD1/ 62 F10 He |l I/O PO[15] — General purpose digital input/output pin.
SCKO/SCK (0] TXD1 — Transmitter output for UART1.

/10 SCKO — Serial clock for SSPO.

I/O SCK — Serial clock for SPI.
PO[16]/RXD1/ 63 F8 |J5 1] I/O PO[16] — General purpose digital input/output pin.

SSELO/SSEL I RXD1 — Receiver input for UART1.
I/O SSELO — Slave Select for SSPO.

I/0 SSEL — Slave Select for SPI.
PO[17])/CTS1/ 61 F9 |K6 U I/O PO[17] — General purpose digital input/output pin.

=

MISOO/MISO | CTS1 — Clear to Send input for UARTL.
/10 MISOO0 — Master In Slave Out for SSPO.

I/0 MISO — Master In Slave Out for SPI.
PO[18]/DCD1/ 60 F6 |J6 1] I/O PO[18] — General purpose digital input/output pin.

MOSIO/MOSI I DCD1 — Data Carrier Detect input for UART1.
I/O MOSIO — Master Out Slave In for SSPO.

I/0 MOSI — Master Out Slave In for SPI.
PO[19]/DSR1/ 59 G10 K7 |l I/O PO[19] — General purpose digital input/output pin.

SDA1 | DSR1 — Data Set Ready input for UARTL.

I/O SDA1 — I2C1 data input/output (this is not an 12C-bus compliant
open-drain pin).

PO[20]/DTR1/SCL1 58 G9 J7 1 I/O P0[20] — General purpose digital input/output pin.

(0] DTR1 — Data Terminal Ready output for UART1. Can also be
configured to be an RS-485/EIA-485 output enable signal.

I/O SCL1 — I2C1 clock input/output (this is not an I2C-bus compliant
open-drain pin).

PO[21]/RI1/RD1 57 |G8 H7 W I/O PO[21] — General purpose digital input/output pin.
I RI1 — Ring Indicator input for UART1.

I RD1 — CANL1 receiver input. (LPC1769/68/66/65/64 only).

PO[22]/RTSL/TD1 |56 H10 K8 | I/O PO[22] — General purpose digital input/output pin.
(0] RTS1 — Request to Send output for UART1. Can also be
configured to be an RS-485/EIA-485 output enable signal.
(0] TD1 — CANL1 transmitter output. (LPC1769/68/66/65/64 only).
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32-bit ARM Cortex-M3 microcontroller

Table 5. Pin description ...continued

Symbol Pin/ball Type | Description
o o

o |9 g

g I 5

o O

& |8 |2

a3 |k =
PO[23]/ADO[0)/ 9 E5 D5 |& I/O PO[23] — General purpose digital input/output pin.
'éis?))([élw I ADO[0] — A/D converter 0, input O.

I/O I2SRX_CLK — Receive Clock. It is driven by the master and

received by the slave. Corresponds to the signal SCK in the 12S-bus
specification. (LPC1769/68/67/66/65/63 only).

I CAP3[0] — Capture input for Timer 3, channel 0.

PO[24]/ADO[1)/ 8 D1 B4 A I/0 P0[24] — General purpose digital input/output pin.
IgiPR;([I}NS/ I ADO[1] — A/D converter 0, input 1.
I/0 I2SRX_WS — Receive Word Select. It is driven by the master and

received by the slave. Corresponds to the signal WS in the 12S-bus
specification. (LPC1769/68/67/66/65/63 only).

I CAP3[1] — Capture input for Timer 3, channel 1.

PO[25]/ADO[2)/ 7 D2 A3 & I/O PO[25] — General purpose digital input/output pin.
!I_zigg(—SDA/ I ADO[2] — A/D converter 0, input 2.
I/O I2SRX_SDA — Receive data. It is driven by the transmitter and read

by the receiver. Corresponds to the signal SD in the 12S-bus
specification. (LPC1769/68/67/66/65/63 only).

(0] TXD3 — Transmitter output for UART3.
PO[26]/ADO[3])/ 6 D3 c5 |B I/O PO[26] — General purpose digital input/output pin.
AOUT/RXD3 I ADOQ[3] — A/D converter 0, input 3.

o AOUT — DAC output (LPC1769/68/67/66/65/63 only).

I RXD3 — Receiver input for UART3.
PO[27]/SDAO0/ 25 J2 c8 |M I/O PO[27] — General purpose digital input/output pin. Output is
USB_SDA open-drain.

I/O SDAO — I2C0 data input/output. Open-drain output (for 12C-bus

compliance).

I/0 USB_SDA — USB port I12C serial data (OTG transceiver,
LPC1769/68/66/65 only).

PO[28]/SCLO/ 24 J1 B9 |M I/O P0[28] — General purpose digital input/output pin. Output is
USB_SCL open-drain.
I/O SCLO — 12C0 clock input/output. Open-drain output (for 12C-bus
compliance).

I/0 USB_SCL — USB port I12C serial clock (OTG transceiver,
LPC1769/68/66/65 only).

PO[29]/USB_D+ 29 J3 B10 B I/O PO[29] — General purpose digital input/output pin.
I/0 USB_D+ — USB bidirectional D+ line. (LPC1769/68/66/65/64 only).
PO[30)/USB_D- 30 G4 Cc9 |B I/O PO[30] — General purpose digital input/output pin.

I/O USB_D- — USB bidirectional D line. (LPC1769/68/66/65/64 only).
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Table 5. Pin description ...continued
Symbol Pin/ball Type | Description
o o
o |9 g
g I 5
o O] O
G 2 2
2 F =
P1[0] to P1[31] I/O Port 1: Port 1 is a 32-bit I/O port with individual direction controls for
each bit. The operation of port 1 pins depends upon the pin function
selected via the pin connect block. Pins 2, 3, 5, 6, 7, 11, 12, and 13
of this port are not available.
P1[o})/ 95 D5 C1 |l I/O P1[0] — General purpose digital input/output pin.
ENET_TXDO o ENET_TXDO — Ethernet transmit data 0. (LPC1769/68/67/66/64
only).
P1[1)/ 94 B4 |c2 W I/0 P1[1] — General purpose digital input/output pin.
ENET_TXD1 o ENET_TXD1 — Ethernet transmit data 1. (LPC1769/68/67/66/64
only).
P1[4]/ 93 A4 D2 WU I/0 P1[4] — General purpose digital input/output pin.
ENET_TX_EN (0] ENET_TX_EN — Ethernet transmit data enable.
(LPC1769/68/67/66/64 only).
P1[8]/ 92 'c5 b1 W I/O P1[8] — General purpose digital input/output pin.
ENET_CRS | ENET_CRS — Ethernet carrier sense. (LPC1769/68/67/66/64 only).
P1[9)/ 91 B5 D3 W I/O P1[9] — General purpose digital input/output pin.
ENET_RXDO | ENET_RXDO — Ethernet receive data. (LPC1769/68/67/66/64
only).
P1[10)/ 90 A5 E3 |l I/O P1[10] — General purpose digital input/output pin.
ENET_RXD1 | ENET_RXD1 — Ethernet receive data. (LPC1769/68/67/66/64
only).
P1[14)/ 89 D6 E2 |l I/O P1[14] — General purpose digital input/output pin.
ENET_RX_ER | ENET_RX_ER — Ethernet receive error. (LPC1769/68/67/66/64
only).
P1[15)/ 88 C6 E1 |l I/O P1[15] — General purpose digital input/output pin.
ENET_REF_CLK | ENET_REF_CLK — Ethernet reference clock.
(LPC1769/68/67/66/64 only).
P1[16]/ 87 A6 F3 W I/0 P1[16] — General purpose digital input/output pin.
ENET_MDC o ENET_MDC — Ethernet MIIM clock (LPC1769/68/67/66/64 only).
P1[17]/ 86 B6 F2 W I/0 P1[17] — General purpose digital input/output pin.
ENET_MDIO I/O ENET_MDIO — Ethernet MIIM data input and output.

LPC1769_68_67_66_65_64_63
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32-bit ARM Cortex-M3 microcontroller

Table 5. Pin description ...continued

Symbol Pin/ball Type | Description
o o
g |3 |3
o O
& |8 |2
2 F =

P1[25]/MCOA1/ 39 G5 F9 |l I/O P1[25] — General purpose digital input/output pin.

MAT1[1] 0 MCOA1 — Motor control PWM channel 1, output A.

(0] MAT1[1] — Match output for Timer 1, channel 1.

P1[26]/MCOB1/ 40 K6 |E10 W I/O P1[26] — General purpose digital input/output pin.

PWM1[6J/CAPO[0] (@] MCOB1 — Motor control PWM channel 1, output B.

(0] PWM1[6] — Pulse Width Modulator 1, channel 6 output.
I CAPO[0] — Capture input for Timer 0, channel 0.

P1[27]/CLKOUT 43 K7 |G W I/O P1[27] — General purpose digital input/output pin.

/éfPBo—[%VRCR/ (0] CLKOUT — Clock output pin.

I USB_OVRCR — USB port Over-Current status. (LPC1769/68/66/65
only).
I CAPO[1] — Capture input for Timer 0, channel 1.

P1[28]/MCOA2/ 44 J7 | Gi1o | I/O P1[28] — General purpose digital input/output pin.

I\Pﬂi?g[%)[]oy (0] MCOA2 — Motor control PWM channel 2, output A.

I PCAP1[0] — Capture input for PWM1, channel 0.
(0] MATO[0] — Match output for Timer 0, channel 0.

P1[29/MCOB2/ 45 G6 Gs | I/O P1[29] — General purpose digital input/output pin.

I\Pﬂi?g[ll[]lll (0] MCOB2 — Motor control PWM channel 2, output B.

I PCAP1[1] — Capture input for PWM1, channel 1.
(0] MATO[1] — Match output for Timer 0, channel 1.

P1[30])/Vgus/ 21 H1 Bs | I/O P1[30] — General purpose digital input/output pin.

ADO[4] I Vgus — Monitors the presence of USB bus power.
(LPC1769/68/66/65/64 only).

Note: This signal must be HIGH for USB reset to occur.
I ADOQ[4] — A/D converter 0, input 4.
P1[31])/SCK1/ 20 F4 c7 |@ I/O P1[31] — General purpose digital input/output pin.
ADO[S] IO  SCK1— Serial Clock for SSP1.
I ADO[5] — A/D converter 0, input 5.
P2[0] to P2[31] I/O Port 2: Port 2 is a 32-bit I/0O port with individual direction controls for
each bit. The operation of port 2 pins depends upon the pin function
selected via the pin connect block. Pins 14 through 31 of this port
are not available.
P2[0)/PWM1[1])/ 75 B9 K1 |l I/O P2[0] — General purpose digital input/output pin.
TXD1 (0] PWM1[1] — Pulse Width Modulator 1, channel 1 output.
0] TXD1 — Transmitter output for UART1.

P2[1]/PWM1[2])/ 74 B10 J2 1 I/O P2[1] — General purpose digital input/output pin.

RXD1 (0] PWM1[2] — Pulse Width Modulator 1, channel 2 output.
I RXD1 — Receiver input for UART1.
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32-bit ARM Cortex-M3 microcontroller

Table 5. Pin description ...continued

Symbol Pin/ball Type | Description
o o
g 2 7
4 < )
o O O
o & 2
a3 |k =
VREFN 15 [F1 A6 ADC negative reference voltage: This should be nominally the

same voltage as Vss but should be isolated to minimize noise and
error. Level on this pin is used as a reference for ADC and DAC.

VBAT 19 G2 A8 [10117 | RTC pin power supply: 3.3 V on this pin supplies the power to the
RTC peripheral.
n.c. 13 D4, BS6, - not connected.
E4 D6

[1] 5V tolerant pad providing digital I/O functions with TTL levels and hysteresis. This pin is pulled up to a voltage level of 2.3 V to 2.6 V.

[2] 5V tolerant pad providing digital I/O functions (with TTL levels and hysteresis) and analog input. When configured as a ADC input,
digital section of the pad is disabled and the pin is not 5 V tolerant. This pin is pulled up to a voltage level of 2.3 Vto 2.6 V.

[3] 5V tolerant pad providing digital I/O with TTL levels and hysteresis and analog output function. When configured as the DAC output,
digital section of the pad is disabled. This pin is pulled up to a voltage level of 2.3 V to 2.6 V.

[4] Open-drain 5V tolerant digital I/O pad, compatible with 12C-bus 400 kHz specification. This pad requires an external pull-up to provide
output functionality. When power is switched off, this pin connected to the 12C-bus is floating and does not disturb the I12C lines.
Open-drain configuration applies to all functions on this pin.

[5] Pad provides digital I/O and USB functions. It is designed in accordance with the USB specification, revision 2.0 (Full-speed and
Low-speed mode only). This pad is not 5 V tolerant.

[6] 5V tolerant pad with 10 ns glitch filter providing digital 1/O functions with TTL levels and hysteresis. This pin is pulled up to a voltage
level of 2.3V 10 2.6 V.

[7] 5V tolerant pad with TTL levels and hysteresis. Internal pull-up and pull-down resistors disabled.

[8] 5V tolerant pad with TTL levels and hysteresis and internal pull-up resistor.

[9] 5V tolerant pad with 20 ns glitch filter providing digital 1/O function with TTL levels and hysteresis.

[10] Pad provides special analog functionality. A 32 kHz crystal oscillator must be used with the RTC.

[11] When the system oscillator is not used, connect XTAL1 and XTAL?2 as follows: XTAL1 can be left floating or can be grounded (grounding
is preferred to reduce susceptibility to noise). XTAL2 should be left floating.

[12] When the RTC is not used, connect VBAT to Vpprea)3vz) and leave RTCX1 floating.

LPC1769_68_67_66_65_64_63 All information provided in this document is subject to legal disclaimers. © NXP Semiconductors N.V. 2018. All rights reserved.

Product data sheet Rev. 9.8 — 4 May 2018 20 of 93



NXP Semiconductors LPC1769/68/67/66/65/64/63

32-bit ARM Cortex-M3 microcontroller

* Up to four external outputs corresponding to match registers, with the following
capabilities:

— Set LOW on match.
— Set HIGH on match.
— Toggle on match.
— Do nothing on match.
* Up to two match registers can be used to generate timed DMA requests.

8.22 Pulse width modulator

The PWM is based on the standard Timer block and inherits all of its features, although
only the PWM function is pinned out on the LPC17xx. The Timer is designed to count
cycles of the system derived clock and optionally switch pins, generate interrupts or
perform other actions when specified timer values occur, based on seven match registers.
The PWM function is in addition to these features, and is based on match register events.

The ability to separately control rising and falling edge locations allows the PWM to be
used for more applications. For instance, multi-phase motor control typically requires
three non-overlapping PWM outputs with individual control of all three pulse widths and
positions.

Two match registers can be used to provide a single edge controlled PWM output. One
match register (PWMMRO) controls the PWM cycle rate, by resetting the count upon
match. The other match register controls the PWM edge position. Additional single edge
controlled PWM outputs require only one match register each, since the repetition rate is
the same for all PWM outputs. Multiple single edge controlled PWM outputs will all have a
rising edge at the beginning of each PWM cycle, when an PWMMRO match occurs.

Three match registers can be used to provide a PWM output with both edges controlled.
Again, the PWMMRO match register controls the PWM cycle rate. The other match
registers control the two PWM edge positions. Additional double edge controlled PWM
outputs require only two match registers each, since the repetition rate is the same for all
PWM outputs.

With double edge controlled PWM outputs, specific match registers control the rising and
falling edge of the output. This allows both positive going PWM pulses (when the rising
edge occurs prior to the falling edge), and negative going PWM pulses (when the falling
edge occurs prior to the rising edge).

8.22.1 Features
* One PWM block with Counter or Timer operation (may use the peripheral clock or one
of the capture inputs as the clock source).

* Seven match registers allow up to 6 single edge controlled or 3 double edge
controlled PWM outputs, or a mix of both types. The match registers also allow:

— Continuous operation with optional interrupt generation on match.
— Stop timer on match with optional interrupt generation.
— Reset timer on match with optional interrupt generation.
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8.23

8.24

8.24.1

LPC1769_68_67_66_65_64_63

32-bit ARM Cortex-M3 microcontroller

* Supports single edge controlled and/or double edge controlled PWM outputs. Single
edge controlled PWM outputs all go high at the beginning of each cycle unless the
output is a constant low. Double edge controlled PWM outputs can have either edge
occur at any position within a cycle. This allows for both positive going and negative
going pulses.

* Pulse period and width can be any number of timer counts. This allows complete
flexibility in the trade-off between resolution and repetition rate. All PWM outputs will
occur at the same repetition rate.

* Double edge controlled PWM outputs can be programmed to be either positive going
or negative going pulses.

¢ Match register updates are synchronized with pulse outputs to prevent generation of
erroneous pulses. Software must ‘release’ new match values before they can become
effective.

* May be used as a standard 32-bit timer/counter with a programmable 32-bit prescaler
if the PWM mode is not enabled.

Motor control PWM

The motor control PWM is a specialized PWM supporting 3-phase motors and other
combinations. Feedback inputs are provided to automatically sense rotor position and use
that information to ramp speed up or down. An abort input is also provided that causes the
PWM to immediately release all motor drive outputs. At the same time, the motor control
PWM is highly configurable for other generalized timing, counting, capture, and compare
applications.

Quadrature Encoder Interface (QEI)

A quadrature encoder, also known as a 2-channel incremental encoder, converts angular
displacement into two pulse signals. By monitoring both the number of pulses and the
relative phase of the two signals, the user can track the position, direction of rotation, 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.

Features

¢ Tracks encoder position.

* Increments/decrements depending on direction.

* Programmable for 2x or 4x 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.
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8.29.8 Power domains

LPC1769_68_67_66_65_64_63

The LPC17xx provide two independent power domains that allow the bulk of the device to
have power removed while maintaining operation of the RTC and the backup Registers.

On the LPC17xx, I/O pads are powered by the 3.3 V (Vpp(vz)) pins, while the
Vbb(REG)(3v3) Pin powers the on-chip voltage regulator which in turn provides power to the
CPU and most of the peripherals.

Depending on the LPC17xx application, a design can use two power options to manage
power consumption.

The first option assumes that power consumption is not a concern and the design ties the
VbpEvz) and Vpprec)3va) Pins together. This approach requires only one 3.3 V power
supply for both pads, the CPU, and peripherals. While this solution is simple, it does not
support powering down the I/O pad ring “on the fly” while keeping the CPU and
peripherals alive.

The second option uses two power supplies; a 3.3 V supply for the 1/0 pads (Vppsvz)) and
a dedicated 3.3 V supply for the CPU (Vpprec)3v3))- Having the on-chip voltage regulator
powered independently from the 1/0O pad ring enables shutting down of the I/O pad power
supply “on the fly”, while the CPU and peripherals stay active.

The VBAT pin supplies power only to the RTC domain. The RTC requires a minimum of
power to operate, which can be supplied by an external battery. The device core power
(Vpp(reG)(3v3)) is used to operate the RTC whenever Vpprec)@3va) is present. Therefore,
there is no power drain from the RTC battery when Vpprec)@avs) is available.
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8.30.5 AHB multilayer matrix

The LPC17xx use an AHB multilayer matrix. This matrix connects the instruction (I-code)
and data (D-code) CPU buses of the Arm Cortex-M3 to the flash memory, the main

(32 kB) static RAM, and the Boot ROM. The GPDMA can also access all of these
memories. The peripheral DMA controllers, Ethernet, and USB can access all SRAM
blocks. Additionally, the matrix connects the CPU system bus and all of the DMA
controllers to the various peripheral functions.

8.30.6 External interrupt inputs

The LPC17xx include up to 46 edge sensitive interrupt inputs combined with up to four
level sensitive external interrupt inputs as selectable pin functions. The external interrupt
inputs can optionally be used to wake up the processor from Power-down mode.

8.30.7 Memory mapping control

The Cortex-M3 incorporates a mechanism that allows remapping the interrupt vector table
to alternate locations in the memory map. This is controlled via the Vector Table Offset
Register contained in the NVIC.

The vector table may be located anywhere within the bottom 1 GB of Cortex-M3 address
space. The vector table must be located on a 128 word (512 byte) boundary because the
NVIC on the LPC17xx is configured for 128 total interrupts.

8.31 Emulation and debugging

Debug and trace functions are integrated into the Arm Cortex-M3. Serial wire debug and
trace functions are supported in addition to a standard JTAG debug and parallel trace
functions. The Arm Cortex-M3 is configured to support up to eight breakpoints and four
watch points.

LPC1769_68_67_66_65_64_63 All information provided in this document is subject to legal disclaimers. © NXP Semiconductors N.V. 2018. All rights reserved.

Product data sheet Rev. 9.8 — 4 May 2018 44 of 93




NXP Semiconductors LPC1769/68/67/66/65/64/63

32-bit ARM Cortex-M3 microcontroller

10. Thermal characteristics

The average chip junction temperature, T; (°C), can be calculated using the following
equation:

Ti = Tamp * (Pp X Rip_a) 1)

* Tamp = ambient temperature (°C)
* Rin(-a) = the package junction-to-ambient thermal resistance (°C/W)
* Pp =sum of internal and 1/0O power dissipation
The internal power dissipation is the product of Ipp and Vpp. The 1/O power dissipation of

the I/O pins is often small and many times can be negligible. However it can be significant
in some applications.

Table 7. Thermal resistance (+15 %)

Symbol Parameter Conditions Max/Min Unit

LQFP100

Rih(-a) thermal resistance from JEDEC (4.5 in x 4 in); still air 38.01 °C/W
junction to ambient Single-layer (4.5 in x 3 in); still air |55.09 °CIW

Rih(-c) thermal resistance from 9.065 °C/W
junction to case

TFBGA100

Rih(-a) thermal resistance from JEDEC (4.5 in x 4 in); still air 55.2 °C/W
junction to ambient Single-layer (4.5 in x 3 in); still air 45.6 °CIW

Rih(-c) thermal resistance from 9.5 °C/W
junction to case
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32-bit ARM Cortex-M3 microcontroller

The RTC typically fails when Vjygar) drops below 1.6 V.

VbpReG)@3v3) = 3.3 V; Tamp = 25 °C for all power consumption measurements.

Applies to LPC1768/67/66/65/64/63.

Applies to LPC1769 only.

IRC running at 4 MHz; main oscillator and PLL disabled; PCLK = CCLKs,

BOD disabled.

On pin Vppree)@va)- Isat = 530 NA. Vpprea)@va) = 3.0 V; Vear = 3.0 V; Tamp = 25 °C.
On pin VBAT; Ipp(rec)@va) = 630 NA; Vppres)@va) = 3-0 V; Vear = 3.0 V; Tamp = 25 °C.
On pin VBAT; Vgar = 3.0 V; Tamp = 25 °C.

All internal pull-ups disabled. All pins configured as output and driven LOW. Vppya) = 3.3 V; Tamp = 25 °C.
TCK/SWDCLK pin needs to be externally pulled LOW.

On pin Vppa; Vopa = 3.3 V; Tamp = 25 °C. The ADC is powered if the PDN bit in the ADOCR register is set to 1 and in Power-down mode
of the PDN bit is set to 0.

The ADC is powered if the PDN bit in the ADOCR register is set to 1. See LPC17xx user manual UM10360_1.

The ADC is in Power-down mode if the PDN bit in the ADOCR register is set to 0. See LPC17xx user manual UM10360_1.
Vivrerp) = 3.3 V; Tamp = 25 °C.

Including voltage on outputs in 3-state mode.

Vbp(ava) supply voltages must be present.

3-state outputs go into 3-state mode in Deep power-down mode.

Allowed as long as the current limit does not exceed the maximum current allowed by the device.

To Vss.

Includes external resistors of 33 Q + 1 % on D+ and D-.

11.1 Power consumption

002aaf568

400 ‘

IDD(Reg)(3V3)
(nA)

350

3.6V

3.3V
24V /
300

250

200
-40 -15 10 35 60 85
temperature (°C)

Conditions: BOD disabled.

Fig 8. Deep-sleep mode: typical regulator supply current Ipp(reg)(avz) VErsus
temperature
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12.3 Internal oscillators

Table 12. Dynamic characteristic: internal oscillators
Tamp = 40 T to +85 TC; 2.7V —<VDD(REG)(3V3) <3.6 V.

Symbol Parameter Conditions Min Typld Max Unit
fosc(rRC) internal RC oscillator frequency - 3.96 4.02 4.04 MHz
firTe) RTC input frequency - - 32.768 |- KHz

[1] Parameters are valid over operating temperature range unless otherwise specified.

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

4.036 002aaf107
fosc(RC)
(MHz)
4.032
4.028 \ VDD(REG)(3V3) = 3.6 V
33V
3.0V
27V
4.024 \ 24V
\
\
\
4.020
4.016
-40 -15 10 35 60
temperature (°C)
Conditions: Frequency values are typical values. 4 MHz + 1 % accuracy is guaranteed for
2.7V < VppRreg)av3) < 3.6 V and Tamp = —40 °C to +85 °C. Variations between parts may cause
the IRC to fall outside the 4 MHz + 1 % accuracy specification for voltages below 2.7 V.
Fig 17. Internal RC oscillator frequency versus temperature

12.4 1/0O pins

Table 13. Dynamic characteristic: I/O pins[l
Tamb = —40 T to +85 <C; Vpp(av3) over specified ranges.

Symbol Parameter Conditions Min Typ Max Unit
t rise time pin configured as output 3.0 - 5.0 ns
t fall time pin configured as output 25 - 5.0 ns

[1] Applies to standard I/O pins.
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70 %
30 %

tow —™

002aaf425

Fig 18. 12C-bus pins clock timing

12.6 12S-bus interface

Remark: The 12S-bus interface is available on parts LPC1769/68/67/66/65/63. See

Table 2.

Table 15. Dynamic characteristics: 12S-bus interface pins
Tamp = 40 T to +85 T.

Symbol |Parameter Conditions ‘ ‘Min ‘Typ ‘Max Unit

common to input and output

tr rise time - - 35 ns

tf fall time - - 35 ns

twH pulse width HIGH on pins I2STX_CLK and [ 0.495 x Teyey - - -
[2SRX_CLK

twi pulse width LOW on pins I2STX_CLK and [ - - 0.505 x Teyey NS
I2SRX_CLK

output

tv(Q) data output valid time on pin I2STX_SDA o - - 30 ns
on pin I2STX_WS [ES - 30 ns

input

tsu) data input set-up time on pin I2SRX_SDA |35 - - ns

tho) data input hold time on pin I2SRX_SDA L 4.0 - - ns

[1] CCLK =20 MHz; peripheral clock to the I2S-bus interface PCLK = CCLK/,: 12S clock cycle time Teycik) = 1600 ns, corresponds to the SCK

signal in the 12S-bus specification.
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Remark: The USB controller is available as a device/Host/OTG controller on parts
LPC1769/68/66/65 and as device-only controller on part LPC1764.

Table 17. Dynamic characteristics: USB pins (full-speed)
C_ =50 pF; Rpu =1.5kQ2on D+ to VDD(3V3); 3.0V SVDD(3vg) <36 V.
Symbol Parameter Conditions Min Typ Max Unit
t rise time 10 % to 90 % 8.5 - 13.8 ns
t; fall time 10 % to 90 % 7.7 - 13.7 ns
tFREM differential rise and fall time te /1 - - 109 %
matching
VeRs output signal crossover voltage 1.3 - 2.0 \%
teEOPT source SEO interval of EOP see Figure 23 160 - 175 ns
tepEOP source jitter for differential transition see Figure 23 -2 - +5 ns
to SEO transition
tir1 receiver jitter to next transition -18.5 - +18.5 ns
tir2 receiver jitter for paired transitions 10 % to 90 % -9 - +9 ns
teoPR1 EOP width at receiver must reject as [ 40 - - ns
EOP; see
Figure 23
teopr2 EOP width at receiver must accept as [ 82 - - ns
EOP; see
Figure 23

[1] Characterized but not implemented as production test. Guaranteed by design.

TPERIOD <—>‘ ‘ ‘

‘ crossover point
extended

differential
data lines

crossover point

differential data to

‘////

<~ SEO/EOP skew
n x TperioD * tFDEOP

Fig 23. Differential data-to-EOP transition skew and EOP width

™~

source EOP width: trpopT

receiver EOP width: teopr1, tEOPR2

002aab561
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LPC1xxx
L
XTALIN XTALOUT J-
— = CL ==Cp
XTAL T
I|:|I
1 n
Rs
= Cx2

i
i

002aaf424

Fig 37. Oscillator modes and models: oscillation mode of operation and external crystal

model used for Cy;/Cx, evaluation

Table 23. Recommended values for Cx1/Cx, in oscillation mode (crystal and external
components parameters): low frequency mode

Fundamental oscillation | Crystal load Maximum crystal External load
frequency Fosc capacitance C_ series resistance Rg capacitors Cx1/Cxo
1 MHz to 5 MHz 10 pF <3000 18 pF, 18 pF
20 pF <300 Q 39 pF, 39 pF
30 pF <300 Q 57 pF, 57 pF
5 MHz to 10 MHz 10 pF <300 Q 18 pF, 18 pF
20 pF <200 Q 39 pF, 39 pF
30 pF <100 Q 57 pF, 57 pF
10 MHz to 15 MHz 10 pF <160 Q 18 pF, 18 pF
20 pF <60 Q 39 pF, 39 pF
15 MHz to 20 MHz 10 pF <80Q 18 pF, 18 pF

Table 24. Recommended values for Cx1/Cx, in oscillation mode (crystal and external
components parameters): high frequency mode

Fundamental oscillation | Crystal load Maximum crystal ‘External load
frequency Fosc capacitance C_ series resistance Rg capacitors Cxq, Cxo
15 MHz to 20 MHz 10 pF <180 Q 18 pF, 18 pF

20 pF <100 Q 39 pF, 39 pF
20 MHz to 25 MHz 10 pF <160 Q 18 pF, 18 pF

20 pF <80Q 39 pF, 39 pF

XTAL and RTCX Printed Circuit Board (PCB) layout guidelines

The crystal should be connected on the PCB as close as possible to the oscillator input
and output pins of the chip. Take care that the load capacitors Cy1, Cy», and Cy3 in case of
third overtone crystal usage have a common ground plane. The external components
must also be connected to the ground plain. Loops must be made as small as possible in
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order to keep the noise coupled in via the PCB as small as possible. Also parasitics
should stay as small as possible. Values of Cy; and C» should be chosen smaller
accordingly to the increase in parasitics of the PCB layout.

Standard I/O pin configuration
Figure 38 shows the possible pin modes for standard I/O pins with analog input function:

¢ Digital output driver: Open-drain mode enabled/disabled
¢ Digital input: Pull-up enabled/disabled

¢ Digital input: Pull-down enabled/disabled

¢ Digital input: Repeater mode enabled/disabled

¢ Analog input

The default configuration for standard 1/O pins is input with pull-up enabled. The weak
MOS devices provide a drive capability equivalent to pull-up and pull-down resistors.

Vbp Vbp
open-drain enable
pin configured output enable ol stJ:l)_rLg ESD
as digital output p P
driver data output —— PIN
strong
pull-down ESD
’ Vss
Vbb
pull-up enable
. ) repeater mode weak
pin configured enable pull-down
as digital input pull-down enable
data input @I
select analog input
pin configured oa i
as analog input analog input B 002aaf272
Fig 38. Standard I/O pin configuration with analog input
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Radiated emission measurements according to the IEC61967-2 standard using the

TEM-cell method are shown for part LPC1768.

Table 25. ElectroMagnetic Compatibility (EMC) for part LPC1768 (TEM-cell method)

Vpp = 3.3V, Tamb =25 <.

Parameter |Frequency band System clock = Unit
12MHz [24MHz 48MHz 72MHz 100 MHz
Input clock: IRC (4 MHz)
maximum 150 kHz to 30 MHz -7 -6 -4 -7 -7 dBuv
peaklevel 30 MHz to 150 MHZz +1 +5 +11 +16 +9 dBpv
150 MHzto 1 GHz -2 +4 +11 +12 +19 dBuv
IEC levellll - (0] O N M L -
Input clock: crystal oscillator (12 MHz)
maximum 150 kHz to 30 MHz -5 -4 -4 -7 -8 dBuVv
peaklevel 30 MHz to 150 MHz -1 +5 +10 +15 +7 dBuv
150 MHzto 1 GHz -1 +6 +11 +10 +16 dBuv
IEC levelll] - 0 0 N M M -
[1] IEC levels refer to Appendix D in the IEC61967-2 Specification.
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DIMENSIONS (mm are the original dimensions)
UNIT AlA|A|b| DIE|e|e|le|Vv i wl|ly
MAX | 0.57 | 0.26 [0.325| 0.35 | 5.10 | 5.10
mm | NOM | 0.53 | 0.23 |0.300| 0.32 | 5.07 | 5.07 | 0.5 | 45 | 45 | 0.15| 0.05 | 0.03
MIN | 0.49 | 0.20 {0.275| 0.29 | 5.04 | 5.04
Fig 42. Package outline SOT1450-2 LPC1768UK (WLCSP100)
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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

22. Contact information
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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.

21.4 Trademarks

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

12C-bus — logo is a trademark of NXP B.V.

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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