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What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
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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"

CANbus, EBI/EMI, Ethernet, I2C, Microwire, Memory Card, SPI, SSI, SSP, UART/USART, USB OTG

Brown-out Detect/Reset, DMA, I2S, LCD, Motor Control PWM, POR, PWM, WDT
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NXP Semiconductors

LPC178x/7x

32-bit ARM Cortex-M3 microcontroller

Table 2.  LPC178x/7x ordering options

All parts include two CAN channels, three SSP interfaces, three 12C interfaces, one 12S interface, DAC, and an 8-channel
12-bit ADC.
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LPC178x

LPC1788FBD208 LPC1788FBD208/CP3E 512 64 16x2 96 4032 Y H/OD 5 32 165 Y Y Y
LPC1788FET208 LPC1788FET208,551 512 64 16x2 96 4032 Y H/OMD 5 32 165 Y Y Y
LPC1788FET180 LPC1788FET180,551 512 64 16x2 96 4032 Y H/OD 5 16 141 Y Y Y
LPC1788FBD144 LPC1788FBD144,551 512 64 16x2 96 4032 Y H/OMD 5 8 109 Y Y Y
LPC1787FBD208 LPC1787FBD208,551 512 64 16x2 96 4032 N H/OD 5 32 165 Y Y Y
LPC1786FBD208 LPC1786FBD208,551 256 64 16 80 4032 Y H/OD 5 32 165 Y Y Y
LPC1785FBD208 LPC1785FBD208K 256 64 16 80 4032 N H/OD 5 32 165 Y N Y
LPC177x

LPC1778FBD208 LPC1778FBD208,551 512 64 16x2 96 4032 Y H/OD 5 32 165 N Y Y
LPC1778FET208 LPC1778FET208,551 512 64 16x2 96 4032 Y H/OMD 5 32 165 N Y Y
LPC1778FET180 LPC1778FET180,551 512 64 16x2 96 4032 Y H/OD 5 16 141 N Y Y
LPC1778FBD144 LPC1778FBD144,551 512 64 16x2 96 4032 Y H/OMD 5 8 109 N Y Y
LPC1777FBD208 LPC1777FBD208,551 512 64 16x2 96 4032 N H/OD 5 32 165 N Y Y
LPC1776FBD208 LPC1776FBD208,551 256 64 16 80 4032 Y H/OD 5 32 165 N Y Y
LPC1776FET180 LPC1776FET180,551 256 64 16 80 4032 Y H/OD 5 |16 141 N Y Y
LPC1774FBD208 LPC1774FBD208,551 128 32 40 2048 N D 5 32 165 N N N
LPC1774FBD144 LPC1774FBD144,551 128 32 40 2048 N D 428 109 N N N
[1] Maximum data bus width of the External Memory Controller (EMC) depends on package size. Smaller widths may be used.

[2] USART4 not available.
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NXP Semiconductors

LPC178x/7x

32-bit ARM Cortex-M3 microcontroller

Table 3. Pin description ...continued
Not all functions are available on all parts. See Table 2 (Ethernet, USB, LCD, QEI, SD/MMC, DAC pins) and Table 7 (EMC
pins).
Symbol o S Description
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PO[13] 45 |R2 J5 32 B /O PO[13] — General purpose digital input/output pin.
PU 0  USB_UP_LED2 — USB port 2 GoodLink LED indicator. It is
LOW when the device is configured (non-control endpoints
enabled), or when the host is enabled and has detected a
device on the bus. It is HIGH when the device is not configured,
or when host is enabled and has not detected a device on the
bus, or during global suspend. It transitions between LOW and
HIGH (flashes) when the host is enabled and detects activity on
the bus.
110 SSP1 MOSI — Master Out Slave In for SSP1.
| ADCO_IN[7] — A/D converter 0, input 7. When configured as an
ADC input, the digital function of the pin must be disabled.
PO[14] 69 T7 M5 48 Bl /O PO[14] — General purpose digital input/output pin.
PU o USB_HSTENZ — Host Enabled status for USB port 2.
/O SSP1_SSEL — Slave Select for SSP1.
(0] USB_CONNECT2 — SoftConnect control for USB port 2.
Signal used to switch an external 1.5 kQ resistor under software
control. Used with the SoftConnect USB feature.
PO[15] 128 J16 H13 |89 Bl /O  PO[15] — General purpose digital input/output pin.
PU o Ul _TXD — Transmitter output for UARTL1.
I/O | SSPO_SCK — Serial clock for SSPO.
PO[16] 130 |J14 H14 90 Bl /O PO[16] — General purpose digital input/output pin.
PU U1_RXD — Receiver input for UARTL.
110 SSPO_SSEL — Slave Select for SSPO.
PO[17] 126 K17 J12 87 B /O PO[17] — General purpose digital input/output pin.
PU U1_CTS — Clear to Send input for UARTL.
/O  SSPO_MISO — Master In Slave Out for SSPO.
PO[18] 124 (K15 J13 86 Bl | /O PO[18] — General purpose digital input/output pin.
PU U1l_DCD — Data Carrier Detect input for UART1.
110 SSPO_MOSI — Master Out Slave In for SSPO.
PO[19] 122 L17 Ji0 |85 Bl /O PO[19] — General purpose digital input/output pin.
PU U1_DSR — Data Set Ready input for UARTL.
(0] SD_CLK — Clock output line for SD card interface.
I/O |12C1_SDA — I2C1 data input/output (this pin does not use a
specialized 12C pad).
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NXP Semiconductors

LPC178x/7x

32-bit ARM Cortex-M3 microcontroller

Table 3.  Pin description ...continued
Not all functions are available on all parts. See Table 2 (Ethernet, USB, LCD, QEI, SD/MMC, DAC pins) and Table 7 (EMC
pins).
Symbol o S Description
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PO[25] 14 |F1 E4 10 B | /0 PO[25] — General purpose digital input/output pin.
PU ADCO_IN[2] — A/D converter 0, input 2. When configured as an
ADC input, the digital function of the pin must be disabled.
110 12S_RX_SDA — Receive data. It is driven by the transmitter
and read by the receiver. Corresponds to the signal SD in the
I2S-bus specification.
(0] U3_TXD — Transmitter output for UARTS3.
PO[26] 12 E1 D1 8 @ /O PO[26] — General purpose digital input/output pin.
PU ADCO_IN[3] — A/D converter 0, input 3. When configured as an
ADC input, the digital function of the pin must be disabled.
(0] DAC_OUT — D/A converter output. When configured as the
DAC output, the digital function of the pin must be disabled.
| U3_RXD — Receiver input for UART3.
PO[27] 50 T4 L3 |35 [8 || /O PO[27] — General purpose digital input/output pin.
I/O  12C0_SDA — I2C0 data input/output (this pin uses a specialized
12C pad).
/O USB_SDA1 — I2C serial data for communication with an
external USB transceiver.
PO[28] 48 R3 M1 34 B | /O PO[28] — General purpose digital input/output pin.
I/O  |12C0_SCL — I2CO clock input/output (this pin uses a
specialized 12C pad).
/O USB_SCL1 — I2C serial clock for communication with an
external USB transceiver.
PO[29] 61 U4 K5 42 [ /0 PO[29] — General purpose digital input/output pin.
/O USB_D+1 — USB port 1 bidirectional D+ line.
I EINTO — External interrupt O input.
PO[30] 62 |R6 N4 43 [ | /O  PO[30] — General purpose digital input/output pin.
/O USB_D-1— USB port 1 bidirectional D- line.
| EINT1 — External interrupt 1 input.
PO[31] 51 T2 N1 36 [ | /0 PO[31] — General purpose digital input/output pin.
/O USB_D+2 — USB port 2 bidirectional D+ line.
P1[0] to I/O  Port 1: Port 1 is a 32 bit I/O port with individual direction
P1[31] controls for each bit. The operation of port 1 pins depends upon
the pin function selected via the pin connect block
P1[0] 196 /A3 B5 136 Bl | /O P1[0] — General purpose digital input/output pin.
PU ‘0  ENET_TXDO — Ethernet transmit data 0 (RMII/MII interface).
- R — Function reserved.
I T3_CAP1 — Capture input for Timer 3, channel 1.
/O  SSP2_SCK — Serial clock for SSP2.
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NXP Semiconductors LPC178x/7x

32-bit ARM Cortex-M3 microcontroller

Table 3.  Pin description ...continued
Not all functions are available on all parts. See Table 2 (Ethernet, USB, LCD, QEI, SD/MMC, DAC pins) and Table 7 (EMC

pins).

Symbol o S Description
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P2[5] 140 [F16 F12 97 Bl I/0 | P2[5] — General purpose digital input/output pin.
PU o PWM1[6] — Pulse Width Modulator 1, channel 6 output.
(0] Ul _DTR — Data Terminal Ready output for UART1. Can also
be configured to be an RS-485/EIA-485 output enable signal for
UARTL.
(0] T2_MATO — Match output for Timer 2, channel 0.
- R — Function reserved.
(0] TRACEDATA[O] — Trace data, bit O.
- R — Function reserved.
(0] LCD_LP — Line synchronization pulse (STN). Horizontal
synchronization pulse (TFT).
P2[6] 138 |[E17 F13 96 Bl /O P2[6] — General purpose digital input/output pin.

PU PWM1_CAPO — Capture input for PWM1, channel 0.
U1l_RI — Ring Indicator input for UART1.

T2_CAPO — Capture input for Timer 2, channel 0.

U2_OE — RS-485/EIA-485 output enable signal for UART2.
TRACECLK — Trace clock.

LCD_VD[0] — LCD data.

LCD_VD[4] — LCD data.

P2[7] 136 G16 G11 95 B vI; /0 P2[7] — General purpose digital input/output pin.

PU CAN_RD2 — CANZ2 receiver input.

(0] Ul _RTS — Request to Send output for UART1. Can also be
configured to be an RS-485/EIA-485 output enable signal for
UART1.

- R — Function reserved.

0 0 O O

- R — Function reserved.

- R — Function reserved.

(0] LCD_VD[1] — LCD data.

(0] LCD_VD[5] — LCD data.

P2[8] 134 H15 G14 93 Bl |; /0 P2[8] — General purpose digital input/output pin.
PU o CAN_TD2 — CAN2 transmitter output.

(0] U2_TXD — Transmitter output for UART2.

I Ul _CTS — Clear to Send input for UART1.
(0] ENET_MDC — Ethernet MIIM clock.

- R — Function reserved.

(0] LCD_VD[2] — LCD data.

(0] LCD_VD[6] — LCD data.
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NXP Semiconductors

LPC178x/7x

32-bit ARM Cortex-M3 microcontroller

Table 3.  Pin description ...continued
Not all functions are available on all parts. See Table 2 (Ethernet, USB, LCD, QEI, SD/MMC, DAC pins) and Table 7 (EMC
pins).
Symbol o S Description
2 3 23 [
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P3[0] 197 B4 D6 (137 B | /O P3[0] — General purpose digital input/output pin.
PU o EMC_D[0] — External memory data line 0.
P3[1] 201 B3 E6 |140 (B /O P3[1] — General purpose digital input/output pin.
PU o EMC_D[1] — External memory data line 1.
P3[2] 207 B1 A2 |144 (B /0 P3[2] — General purpose digital input/output pin.
PU o EMC_D[2] — External memory data line 2.
P3[3] 3 E4 G5 |2 Bl /0 P3[3] — General purpose digital input/output pin.
PU o EMC_D[3] — External memory data line 3.
P3[4] 13 F2 D3 9 Bl /O P3[4] — General purpose digital input/output pin.
PU o EMC_D[4] — External memory data line 4.
P3[5] 17 |G1 E3 12 Bl | /0 P3[5] — General purpose digital input/output pin.
PU o EMC_D[5] — External memory data line 5.
P3[6] 23 |J1 F4 16 Bl /O P3[6] — General purpose digital input/output pin.
PU 0 EMC_D[6] — External memory data line 6.
P3[7] 27 L1 G3 19 B /O P3[7] — General purpose digital input/output pin.
PU 0 EMC_D[7] — External memory data line 7.
P3[8] 191 D8 A6 - Bl /O P3[8] — General purpose digital input/output pin.
PU 0 EMC_D[8] — External memory data line 8.
P3[9] 199 C5 A4 - Bl /0 P3[9] — General purpose digital input/output pin.
PU 0 EMC_D[9] — External memory data line 9.
P3[10] 205 B2 B3 |- Bl /O P3[10] — General purpose digital input/output pin.
PU 0 EMC_D[10] — External memory data line 10.
P3[11] 208 [ D5 B2 |- Bl /O P3[11] — General purpose digital input/output pin.
PU 0 EMC_D[11] — External memory data line 11.
P3[12] 1 D4 A1 - Bl /O P3[12] — General purpose digital input/output pin.
PU 0 EMC_D[12] — External memory data line 12.
P3[13] 7 ci cCc1 - Bl /O P3[13] — General purpose digital input/output pin.
PU 0 EMC_D[13] — External memory data line 13.
P3[14] 21 |H2 F1 |- Bl /O P3[14] — General purpose digital input/output pin.
PU 0 EMC_D[14] — External memory data line 14.
P3[15] 28 M1 G4 - Bl /O P3[15] — General purpose digital input/output pin.
PU 0 EMC_D[15] — External memory data line 15.
P3[16] 137 F17 |- - Bl /O P3[16] — General purpose digital input/output pin.
PU 0 EMC_D[16] — External memory data line 16.
(0] PWMO[1] — Pulse Width Modulator 0, output 1.
(0] Ul_TXD — Transmitter output for UARTL.
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NXP Semiconductors

LPC178x/7x

32-bit ARM Cortex-M3 microcontroller

Table 3. Pin description ...continued
Not all functions are available on all parts. See Table 2 (Ethernet, USB, LCD, QEI, SD/MMC, DAC pins) and Table 7 (EMC
pins).
Symbol o S Description
2 3 23 [
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P4[1] 79 U0 M7 55 B /O  P4[1] — General purpose digital input/output pin.
PU o EMC_A[1] — External memory address line 1.
P4[2] 83 |T11 M8 58 B /O P4[2] — General purpose digital input/output pin.
PU o EMC_A[2] — External memory address line 2.
P4[3] 97 |U16 K9 68 B I /O P4[3] — General purpose digital input/output pin.
PU o EMC_A[3] — External memory address line 3.
PA4[4] 103 |[R15 P13 72 Bl | /O  P4[4] — General purpose digital input/output pin.
PU o EMC_A[4] — External memory address line 4.
P4[5] 107 |[R16 Hi10 74 Bl /O P4[5] — General purpose digital input/output pin.
PU o EMC_A[5] — External memory address line 5.
P4[6] 113 |M14 K10 78 Bl /O P4[6] — General purpose digital input/output pin.
PU o EMC_A[6] — External memory address line 6.
PA[7] 121 |L16 K12 84 Bl | /O PA4[7] — General purpose digital input/output pin.
PU 0 EMC_A[7] — External memory address line 7.
P4[8] 127 |J17 J11 88 Bl /O  P4[8] — General purpose digital input/output pin.
PU 0 EMC_A[8] — External memory address line 8.
P4[9] 131 |H17 H12 91 Bl /O P4[9] — General purpose digital input/output pin.
PU 0 EMC_A[9] — External memory address line 9.
P4[10] 135 |G17 G12 94 Bl /O P4[10] — General purpose digital input/output pin.
PU 0 EMC_A[10] — External memory address line 10.
P4[11] 145 F14 F11 101 Bl /O P4[11] — General purpose digital input/output pin.
PU 0 EMC_A[11] — External memory address line 11.
P4[12] 149 C16 F10 104 Bl |; /O P4[12] — General purpose digital input/output pin.
PU 0 EMC_A[12] — External memory address line 12.
P4[13] 155 B16 B14 108 Bl |; /O P4[13] — General purpose digital input/output pin.
PU 0 EMC_A[13] — External memory address line 13.
P4[14] 159 B15 E8 110 Bl |; /O P4[14] — General purpose digital input/output pin.
PU 0 EMC_A[14] — External memory address line 14.
P4[15] 173 A1l C10 120 Bl /O P4[15] — General purpose digital input/output pin.
PU 0 EMC_A[15] — External memory address line 15.
P4[16] 101 |U17 N12 - Bl /O P4[16] — General purpose digital input/output pin.
PU 0 EMC_A[16] — External memory address line 16.
P4[17] 104 P14 N13 - Bl /O P4[17] — General purpose digital input/output pin.
PU 0 EMC_A[17] — External memory address line 17.
P4[18] 105 P15 P14 - Bl /O P4[18] — General purpose digital input/output pin.
PU 0 EMC_A[18] — External memory address line 18.
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NXP Semiconductors

LPC178x/7x

32-bit ARM Cortex-M3 microcontroller

Table 3. Pin description ...continued
Not all functions are available on all parts. See Table 2 (Ethernet, USB, LCD, QEI, SD/MMC, DAC pins) and Table 7 (EMC
pins).
Symbol o S Description
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VBAT 38 |M3 K1 27 - I RTC power supply: 3.0 V on this pin supplies power to the RTC.
VppRrEG)3v3) |26, H4, |G1, 18, - S 3.3 V regulator supply voltage: This is the power supply for the
86, P11, N9, 60, on-chip voltage regulator that supplies internal logic.
174 D11 E9 121
Vbpa 20 |G4 F2 14 Analog 3.3 V pad supply voltage: This can be connected to the
same supply as Vpp(svz) but should be isolated to minimize
noise and error. This voltage is used to power the ADC and
DAC. Note: This pin should be tied to 3.3 V if the ADC and
DAC are not used.
Vbbp(@3ava) 15, G3, E2, 41, 3.3 V supply voltage: This is the power supply voltage for 1/0
60, |P6, L4, |62, other than pins in the VBAT domain.
71, P8, K8, |77,
89, |U13, L11, 102,
112, P17, J14, 114,
125, K16, E12, 138
146, C17, E10,
165, B13, C5
181, C9,
198 D7
VREFP 24 K1 G2 17 ADC positive reference voltage: This should be the same
voltage as Vppa, but should be isolated to minimize noise and
error. The voltage level on this pin is used as a reference for
ADC and DAC. Note: This pin should be tied to 3.3 V if the
ADC and DAC are not used.
Vss 33, |L3, H4, 44, Ground: 0 V reference for digital 10 pins.
63, |T5, P4, |65,
77, 'R9, L9, |79,
93, P12, L13, 103,
114, N16, G13, 117,
133, H14, D13, 139
148, E15, Cl11,
169, Al2, B4
189, |B6,
200 A2
VssreG 32, D12, H3, 22, Ground: 0 V reference for internal logic.
84, K4, L8, |59,
172 P10 A10 119
Vssa 22 |J2 F3 15 Analog ground: 0 V power supply and reference for the ADC
and DAC. This should be the same voltage as Vss, but should
be isolated to minimize noise and error.
XTAL1 44 M4 L2 31 |4 Input to the oscillator circuit and internal clock generator circuits.
[16]
XTAL2 46 N4 K4 33 |4 Output from the oscillator amplifier.

(2]
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NXP Semiconductors LPC178x/7x

7.10.1

7.11

LPC178X_7X

32-bit ARM Cortex-M3 microcontroller

The LPC178x/7x EMC is an ARM PrimeCell MultiPort Memory Controller peripheral
offering support for asynchronous static memory devices such as RAM, ROM, and flash.
In addition, it can be used as an interface with off-chip memory-mapped devices and
peripherals. The EMC is an Advanced Microcontroller Bus Architecture (AMBA) compliant
peripheral.

See Table 6 for EMC memory access.

Features

* Dynamic memory interface support including single data rate SDRAM.

* Asynchronous static memory device support including RAM, ROM, and flash, with or
without asynchronous page mode.

* Low transaction latency.
* Read and write buffers to reduce latency and to improve performance.
* 8/16/32 data and 16/20/26 address lines wide static memory support.
* 16 bit and 32 bit wide chip select SDRAM memory support.
¢ Static memory features include:

— Asynchronous page mode read.

— Programmable Wait States.

— Bus turnaround delay.

— Output enable and write enable delays.

— Extended wait.

* Four chip selects for synchronous memory and four chip selects for static memory
devices.

* Power-saving modes dynamically control EMC_CKE and EMC_CLK outputs to
SDRAMSs.

* Dynamic memory self-refresh mode controlled by software.
¢ Controller supports 2048 (AO to A10), 4096 (AO to All), and 8192 (A0 to A12) row

address synchronous memory parts. That is typical 512 MB, 256 MB, and 128 MB
parts, with 4, 8, 16, or 32 data bits per device.

¢ Separate reset domains allow the for auto-refresh through a chip reset if desired.

Note: Synchronous static memory devices (synchronous burst mode) are not supported.

General purpose DMA controller

The GPDMA is an AMBA AHB compliant peripheral allowing selected peripherals to have
DMA support.

The GPDMA enables peripheral-to-memory, memory-to-peripheral,
peripheral-to-peripheral, and memory-to-memory transactions. The source and
destination areas can each be either a memory region or a peripheral and can be
accessed through the AHB master. The GPDMA controller allows data transfers between
the various on-chip SRAM areas and supports the SD/MMC card interface, all SSPs, the
I2S, all UARTSs, the A/D Converter, and the D/A Converter peripherals. DMA can also be
triggered by selected timer match conditions. Memory-to-memory transfers and transfers
to or from GPIO are supported.
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7.23

7.23.1

7.24

7.24.1

LPC178X_7X

32-bit ARM Cortex-M3 microcontroller

I2S-bus serial I/O controllers
The LPC178x/7x contain one 12S-bus interface. The 12S-bus provides a standard
communication interface for digital audio applications.

The 12S-bus specification defines a 3-wire serial bus using one data line, one clock line,
and one word select signal. The basic 12S connection has one master, which is always the
master, and one slave. The 12S interface on the LPC178x/7x provides a separate transmit
and receive channel, each of which can operate as either a master or a slave.

Features
* The interface has separate input/output channels each of which can operate in master
or slave mode.
¢ Capable of handling 8-bit, 16-bit, and 32-bit word sizes.
* Mono and stereo audio data supported.

* The sampling frequency can range from 16 kHz to 48 kHz (16, 22.05, 32, 44.1,
48) kHz.

e Configurable word select period in master mode (separately for 12S input and output).
* Two 8 word FIFO data buffers are provided, one for transmit and one for receive.
* Generates interrupt requests when buffer levels cross a programmable boundary.

* Two DMA requests, controlled by programmable buffer levels. These are connected
to the GPDMA block.

e Controls include reset, stop and mute options separately for 12S input and I12S output.

CAN controller and acceptance filters
The LPC178x/7x contain one CAN controller with two channels.
The Controller Area Network (CAN) is a serial communications protocol which efficiently

supports distributed real-time control with a very high level of security. Its domain of
application ranges from high-speed networks to low cost multiplex wiring.

The CAN block is intended to support multiple CAN buses simultaneously, allowing the
device to be used as a gateway, switch, or router between two of CAN buses in industrial
or automotive applications.

Each CAN controller has a register structure similar to the NXP SJA1000 and the PeliCAN
Library block, but the 8-bit registers of those devices have been combined in 32-bit words
to allow simultaneous access in the ARM environment. The main operational difference is
that the recognition of received ldentifiers, known in CAN terminology as Acceptance
Filtering, has been removed from the CAN controllers and centralized in a global
Acceptance Filter.

Features

¢ Two CAN controllers and buses.

* Data rates to 1 Mbit/s on each bus.

* 32-bit register and RAM access.

¢ Compatible with CAN specification 2.0B, ISO 11898-1.
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RTC oscillator

The RTC oscillator provides a 1 Hz clock to the RTC and a 32 kHz clock output that can
be output on the CLKOUT pin in order to allow trimming the RTC oscillator without
interference from a probe.

Watchdog oscillator

The Watchdog Timer has a dedicated watchdog oscillator that provides a 500 kHz clock to
the Watchdog Timer. The watchdog oscillator is always running if the Watchdog Timer is
enabled. The Watchdog oscillator clock can be output on the CLKOUT pin in order to
allow observe its frequency.

In order to allow Watchdog Timer operation with minimum power consumption, which can
be important in reduced power modes, the Watchdog oscillator frequency is not tightly
controlled. The Watchdog oscillator frequency will vary over temperature and power
supply within a particular part, and may vary by processing across different parts. This
variation should be taken into account when determining Watchdog reload values.

Within a particular part, temperature and power supply variations can produce up to a
+17 % frequency variation. Frequency variation between devices under the same
operating conditions can be up to £30 %.

Main PLL (PLLO) and Alternate PLL (PLL1)

PLLO (also called the Main PLL) and PLL1 (also called the Alternate PLL) are functionally
identical but have somewhat different input possibilities and output connections. These
possibilities are shown in Figure 7. The Main PLL can receive its input from either the IRC
or the main oscillator and can potentially be used to provide the clocks to nearly
everything on the device. The Alternate PLL receives its input only from the main oscillator
and is intended to be used as an alternate source of clocking to the USB. The USB has
timing needs that may not always be filled by the Main PLL.

Both PLLs are disabled and powered off on reset. If the Alternate PLL is left disabled, the
USB clock can be supplied by PLLO if everything is set up to provide 48 MHz to the USB
clock through that route. The source for each clock must be selected via the CLKSEL
registers and can be further reduced by clock dividers as needed.

PLLO accepts an input clock frequency from either the IRC or the main oscillator. If only
the Main PLL is used, then its output frequency must be an integer multiple of all other
clocks needed in the system. PLL1 takes its input only from the main oscillator, requiring
an external crystal in the range of 10 to 25 MHz. In each PLL, the Current Controlled
Oscillator (CCO) operates in the range of 156 MHz to 320 MHz, so there are additional
dividers to bring the output down to the desired frequencies. The minimum output divider
value is 2, insuring that the output of the PLLs have a 50 % duty cycle.

If the USB is used, the possibilities for the CPU clock and other clocks will be limited by
the requirements that the frequency be precise and very low jitter, and that the PLLO
output must be a multiple of 48 MHz. Even multiples of 48 MHz that are within the
operating range of the PLL are 192 MHz and 288 MHz. Also, only the main oscillator in
conjunction with the PLL can meet the precision and jitter specifications for USB. It is due
to these limitations that the Alternate PLL is provided.
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On the wake-up of Power-down mode, if the IRC was used before entering Power-down
mode, it will take IRC 60 us to start-up. After this, four IRC cycles will expire before the
code execution can then be resumed if the code was running from SRAM. In the
meantime, the flash wake-up timer then counts 12 MHz IRC clock cycles to make the
100 us flash start-up time. When it times out, access to the flash will be allowed. Users
need to reconfigure the PLL and clock dividers accordingly.

Deep power-down mode

In Deep power-down mode, power is shut off to the entire chip with the exception of the
RTC module and the RESET pin.

To optimize power conservation, the user has the additional option of turning off or
retaining power to the 32 kHz oscillator. It is also possible to use external circuitry to turn
off power to the on-chip regulator via the Vppreg)@ava) pins and/or the I/O power via the
Vbp(va) pins after entering Deep Power-down mode. Power must be restored before
device operation can be restarted.

The LPC178x/7x can wake up from Deep power-down mode via the RESET pin or an
alarm match event of the RTC.

Wake-up Interrupt Controller (WIC)

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

The WIC works in connection with the Nested Vectored Interrupt Controller (NVIC). When
the CPU enters Deep-sleep, Power-down, or Deep power-down mode, the NVIC sends a
mask of the current interrupt situation to the WIC.This mask includes all of the interrupts
that are both enabled and of sufficient priority to be serviced immediately. With this
information, the WIC simply notices when one of the interrupts has occurred and then it
wakes up the CPU.

The WIC eliminates the need to periodically wake up the CPU and poll the interrupts
resulting in additional power savings.

Peripheral power control

A power control for peripherals feature allows individual peripherals to be turned off if they
are not needed in the application, resulting in additional power savings.

Power domains

The LPC178x/7x 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 LPC178x/7x, I/0O pads are powered by Vppvs), While Vpprec)avs) powers the
on-chip voltage regulator which in turn provides power to the CPU and most of the
peripherals.

Depending on the LPC178x/7x application, a design can use two power options to
manage power consumption.
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Table 13. Static characteristics
Tamb = 40 €T to +85 <, unless otherwise specified.
Symbol Parameter Conditions Min Typli Max Unit
Supply pins
Vbb@va) supply voltage (3.3 V) |external rail 224 3.3 3.6 \%
VDD(REG)(3V3) regulator supply voltage 2.4 3.3 3.6 \%
B.3V)
Vbpa analog 3.3V pad supply Bl2.7 3.3 3.6 \Y,
voltage
Vivear) input voltage on pin [ 21 3.0 3.6 Y,
VBAT
V/i(VREFP) input voltage on pin Bl2.7 3.3 Vppa Y,
VREFP
IDD(REG)(3V3) regulator supply current  active mode; code
33V) while(1){}
executed from flash; all
peripherals disabled
PCLK = CCLK/4
CCLK = 12 MHz; PLL Il |- 7 - mA
disabled
CCLK =120 MHz; PLL Bl - 51 - mA
enabled
active mode; code
while(1){}
executed from flash; all
peripherals enabled;
PCLK = CCLK/4
CCLK = 12 MHz; PLL [Sli6] 14
disabled
CCLK = 120 MHz; PLL Bl 100 mA
enabled
Sleep mode [l - 5 - mA
Deep-sleep mode B9l - 550 - pA
Power-down mode B9l - 280 - pA
IgaT battery supply current RTC running; [0 .
part powered down;
Vbp(REG)@EV3) =0V,
Viwvear) = 3.0V,
Vbp@Evs) =0 V. 1 - pA
part powered; [11] <10 nA
VbpREG)(3v3) = 3.3V,
Vivear) = 3.0V
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Table 17. Dynamic characteristics: Static external memory interface ...continued

CL=30pF, Tamp = 40 T 1o 85 T, Vpp(avs) = 3.0 Vto 3.6 V. Values guaranteed by design.

Symbol Parameterll Conditions!il Min Typ Max Unit

tdeact deactivation time WRg; PB =0; Bl-27 -3.4 -4.7 ns

PB=1
tcsuBLsL & LOWto BLSLOW WRg; PB=0 Bl 28+ Tcy(clk) X 3.7+ Tcy(clk) X 51+ Tcy(clk) X ns
(1 + WAITWEN) (1 + WAITWEN) (1 + WAITWEN)

teLsieLsH BLS LOWtoBLSHIGH |WRqg; PB =0 Bl [ (WAITWR - (WAITWR - (WAITWR - ns
time WAITWEN + 3) x |WAITWEN + 3) x |WAITWEN + 3) x
_ _ Teyek) — 2.6 Tey(clky — 34 Tey(ciky — 49

teLsneow BLS HIGH to end of WR1;; PB=0 [316] 2.6 + Tcy(clk) 3.3+ Tcy(clk) 4.4 + Tcy(clk) ns
write time

teLshony | BLS HIGH to data WR12; Bl 2.7+ Tey(cik) 3.6 + Tey(cik 4.8 + Tey(cik) ns
invalid time PB=0

[1] Parameters are shown as RD;, or WDj, in Figure 16 as indicated in the Conditions column.

[2] Parameters specified for 40 % of Vppys3) for rising edges and 60 % of Vppays for falling edges.

[3] Teyciky = VEMC_CLK (see LPC178x/7x User manual UM10470).

[4] Latest of address valid, EMC_CSx LOW, EMC_OE LOW, EMC_BLSx LOW (PB = 1).

[5] After End Of Read (EOR): Earliest of EMC_CSx HIGH, EMC_OE HIGH, EMC_BLSx HIGH (PB = 1), address invalid.
[6] End Of Write (EOW): Earliest of address invalid, EMC_CSx HIGH, EMC_BLSx HIGH (PB = 1).

EMC_Ax X A A
-~ RD1 —_— —- [-— WR1
EMC_CSx )( ;l 7Z 5( Vi
—- «—WRg
<« RDp—»
RD.
EMC_OE N \ T
~«— RD7
WRg \ WR1g WR14
EMC_BLSx JR 7‘
EMC_WE
RDs
«— RDs——
WR:
RDs —»| |«—RDg 4—5 _@,
EMC_Dx ¢ X 2
EOR EOW

002aag214

Fig 16. External static memory read/write access (PB =0)
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EMC_Ax X X A
«  RD_, . -« WRy
EMC_CSx X 7l 7Z S( 7‘ 7
RD> — «—WRg
RD
EMC_OE N \ A
— «— RD3 RD7 — £—WR4
EMC_BLSx __ Z 7 \ £
<« RD7 ’ — «—WRg
WR3  WRs WR7
EMC_WE #T_f
RDs
«— RD5—»
RDs . WR; WRg
RD5 — - 6
EMC_Dx { 2 { X )
EOR EOW
002aag215
Fig 17. External static memory read/write access (PB =1)
EMC_Ax X X S A X
EMC_CSx X ;4
EMC_OE X £
EMC_BLSx X 7
EMC_WE
RDs5 RDs5 RDs RDs5
EMC_Dx (X X —
002aag216
Fig 18. External static memory burst read cycle
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Table 18.
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Dynamic characteristics: Dynamic external memory interface, read strategy bits (RD bits) = 00

CL=10pF Tamb = 40 T to 85 T, Vppavz) = 3.0 V to 3.6 V. Values guaranteed by design. tmqy is programmable delay
value for the feedback clock that controls input data sampling; tcodly iS programmable delay value for the EMC_CLKOUTO

output; tekaqly is programmable delay value for the EMC_CLKOUTL output.

[1] Refersto SDRAM clock signal EMC_CLKOUTn where n =0 and 1.
[2]  tokndly represents teody when EMC_CLKOUTO clocks SDRAM. tejkngiyrepresents tekigly when EMC_CLKOUT1 clocks SDRAM.

LPC178X_7X

All information provided in this document is subject to legal disclaimers.

Symbol Parameter ‘ ‘Min Typ Max Unit

Common to read and write cycles

Tey(clk) clock cycle time [Al12.5 - - ns

itd(sv) chip select valid delay time - ‘tc|knd|y +4.2 teiodly + 6.2 ins

th(s) chip select hold time 2 topnayy + 1.2 teiknaly + 1.8 - ns

itd(RAsv) row address strobe valid delay - ‘tc|knd|y +4.2 telkndly + 6.2 ins
time

th(rAS) row address strobe hold time 2 teikndiy+ 1.3 teikndly + 1.9 - ns

vtd(CAsv) column address strobe valid - 'tc”md.y +4.2 telkndly + 6.2 vns
delay time

th(cas) column address strobe hold 2 telkndly + 1.3 teikndly + 1.9 - ns
time

taowy) write valid delay time [ - teikndly + 5.2 teikndly + 7.7 ns

ith(W) write hold time 2 topenaly + 1.6 ‘tc|knd|y +24 ns

tacav) address valid delay time - teikndly + 5.0 toiknaly + 7.4 ns

’th(A) address hold time 2 topenary + 1.1 ‘tc|knd|y +1.7 - ns

Read cycle parameters when EMC_CLKOUTO used

itsu(D) data input set-up time 7.1 - tipdy 4.8 - tipaly - ns

tho) data input hold time -1.9 + tipqyy -2.5 + tipqly - ns

iRead cycle parameters when EMC_CLKOUTL1 used

tsup) data input set-up time 7.1 - tiqly + (tokadly 4.8 - tiodly + (tkadly |- ns

- teikodly) - teikodly)
bth(D) data input hold time -1.9+ todly - ‘-2.5 + tibdly - - >ns
(teikadly - tewodly) (teikadly - teikodly)

Write cycle parameters

vtd(QV) data output valid delay time - 'tc”md.y +5.8 teknaly + 8.7 ns

thQ) data output hold time 2 toyngy + 0.4 teikndly + 0.6 - ns

© NXP Semiconductors N.V. 2016. All rights reserved.

Product data sheet

Rev. 5.5 — 26 April 2016

84 of 126



NXP Semiconductors LPC178x/7x

32-bit ARM Cortex-M3 microcontroller

Vbp
USB_UP_LED1
f Vssio
/ )
= ¥ VSSCORE — 71
USB_D+1  33Q D+
USB_D-1 330 D-
— USB-A
15 kQ 15 kQ connector
Vbp
USB_PWRD1 4 L | Veus
USB_OVRCRH1 o
USB_PPWR1 ENA FLAGA l
5V OUTA Vbb
IN
LM3526-L OuUTB
LPC178x/7x USB_PPWR2 =G
FLAGB
USB_OVRCR2 ]
USB_PWRD2 VBUS —
USB_D+2 330 D+ USB-A
{1 connector
usB_D2 82 D-
—J
15ka [ |15k Vssio, |
VSSCORE —
= = Vbp
USB_UP_LED2
=t
= 4 002aag508
Fig 34. USB host port configuration: port 1 and port 2 as hosts
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Vbp
USB_UP_LED1 _
f Vssio,
L % VsScore __|
USB_D+1 330 D+
| S
USB_D-1 330 D-
I USB-A
15 kQ 15 KQ connector
Vbp
USB_PWRD1 4 L | Vaus
USB_OVRCR1 ||
USB_PPWR1 ENA FLAGA l
S5V Lm3s2e-L | OUTA
IN
LPC178x/7x
Vbp
USB_UP_LED2_
j;/ “
Vbp
USB_CONNECT2 |
Vssio,
VSSCORE —
USB_D+2  33Q D+
| S
USB-B
USB_D-2 .ﬁ‘ b- connector
| S
VBus VBus
002aag509

Fig 35. USB device port configuration: port 1 host and port 2 device

14.2 Crystal oscillator XTAL input and component selection

The input voltage to the on-chip oscillators is limited to 1.8 V. If the oscillator is driven by a
clock in slave mode, it is recommended that the input be coupled through a capacitor with
Ci = 100 pF. To limit the input voltage to the specified range, choose an additional
capacitor to ground C4 which attenuates the input voltage by a factor C/(C; + Cy). In slave
mode, a minimum of 200 mV(RMS) is needed.

LPC178X_7X All information provided in this document is subject to legal disclai © NXP Semiconductors N.V. 2016. All rights reserved.

Product data sheet Rev. 5.5 — 26 April 2016 105 of 126




NXP Semiconductors

14.5

14.6

LPC178X_7X

LPC178x/7x

32-bit ARM Cortex-M3 microcontroller

Vbp Vbp
open-drain enable
pin configured output enable S:ﬁﬂjg ESD
as digital output P P
driver data output —— PIN
strong
pull-down ESD
Vss
Vbp
pull-up enable
. . repeater mode weak
pin configured enable pull-down
as digital input pull-down enable
data input /.III'I
select analog input
pin configured loqi
as analog input analog input B 002aaf272
Fig 38. Standard I/O pin configuration with analog input
Reset pin configuration
Vbp

Vbb

Rpu

20ns RC

reset @l GLITCH FILTER

Vbp

[

[=2]

%II

Fig 39. Reset pin configuration

ESD

Vss

PIN

002aaf274

Reset pin configuration for RTC operation

Under certain circumstances, the RTC may temporarily pause and lose fractions of a
second during the rising and falling edges of the RESET signal.
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TFBGA180: thin fine-pitch ball grid array package; 180 balls SOT570-3
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|
—
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ball AL ‘ ST
inatljexarea 12345 6 ! 891011121314
9 i fpmm
scale
DIMENSIONS (mm are the original dimensions)
UNIT A Ay Ao b D E e ey e v w y y1
max | 1.20 | 0.40 | 0.80 | 0.50 | 12.1 | 12.1
mm | nom | 1.06 | 0.35 | 0.71 | 0.45 | 12.0 | 120 | 0.8 | 104 | 104 | 0.15 | 0.05 | 0.12 | 0.1
min | 0.95 | 0.30 | 0.65 | 0.40 | 11.9 | 11.9
OUTLINE REFERENCES EUROPEAN
VERSION IEC JEDEC JEITA PROJECTION ISSUE DATE
SOT570-3 = @ 10-04-15

Fig 43. TFBGA180 package
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20. Legal information
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20.1 Data sheet status

Document status(1(2]
Objective [short] data sheet
Preliminary [short] data sheet

Product [short] data sheet

Product status[3! Definition
Development
Qualification

Production

This document contains data from the objective specification for product development.
This document contains data from the preliminary specification.

This document contains the product specification.

1
[2
[3]

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

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

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.

20.2 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.

20.3 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.

LPC178X_7X
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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.
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