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32-bit ARM Cortex-M3 microcontroller

@ 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, PORT0/2
pin interrupt, and NMI).

€ Brownout detect with separate threshold for interrupt and forced reset.
@ On-chip Power-On Reset (POR).
B Clock generation:

@ Clock output function that can reflect the main oscillator clock, IRC clock, RTC
clock, CPU clock, USB clock, or the watchdog timer clock.

@ On-chip crystal oscillator with an operating range of 1 MHz to 25 MHz.

€ 12 MHz Internal RC oscillator (IRC) trimmed to 1% accuracy that can optionally be
used as a system clock.

@ An on-chip 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 or the
internal RC oscillator.

@ A second, dedicated PLL may be used for USB interface in order to allow added
flexibility for the Main PLL settings.

B \Versatile pin function selection feature allows many possibilities for using on-chip
peripheral functions.

B Unique device serial number for identification purposes.

Single 3.3 V power supply (2.4 V to 3.6 V). Temperature range of —40 °C to 85 °C.

B Available as LQFP208, TFBGA208, TFBGA180, and LQFP144 package.

3. Applications

B Communications:
@ Point-of-sale terminals, web servers, multi-protocol bridges
B Industrial/Medical:

€ Automation controllers, application control, robotics control, HVAC, PLC, inverters,
circuit breakers, medical scanning, security monitoring, motor drive, video intercom

B Consumer/Appliance:

@ Audio, MP3 decoders, alarm systems, displays, printers, scanners, small
appliances, fitness equipment

B Automotive:
@ After-market, car alarms, GPS/fleet monitors
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Table 3.  Pin description
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 = S Description
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PO[0] to I/O  Port 0: Port 0 is a 32-bit I/O port with individual direction
PO[31] controls for each bit. The operation of port 0 pins depends upon
the pin function selected via the pin connect block.
PO[0O] 94 U15 M10 66 Bl I/O  PO[0] — General purpose digital input/output pin.
PU CAN_RD1 — CANL1 receiver input.
(0] U3_TXD — Transmitter output for UART3.
I/O |12C1_SDA — I2C1 data input/output (this pin does not use a
specialized 12C pad).
(0] UO_TXD — Transmitter output for UARTO.
PO[1] 96 |T14 N11 67 B 1 /O  PO[1] — General purpose digital input/output pin.
PU o CAN_TD1 — CANL1 transmitter output.
| U3_RXD — Receiver input for UART3.
I/O  |12C1_SCL — I2C1 clock input/output (this pin does not use a
specialized 12C pad).
I UO_RXD — Receiver input for UARTO.
PO[2] 202 C4 D5 |141 (B /O PO[2] — General purpose digital input/output pin.
PU o UO_TXD — Transmitter output for UARTO.
(0] U3_TXD — Transmitter output for UARTS3.
PO[3] 204 D6 A3 142 Bl | /O  PO[3] — General purpose digital input/output pin.
PU UO_RXD — Receiver input for UARTO.
I U3_RXD — Receiver input for UART3.
PO[4] 168 B12 A1l 116 Bl |; I/O  PO[4] — General purpose digital input/output pin.

PU 0 I2S_RX_SCK — I2S Receive clock. It is driven by the master
and received by the slave. Corresponds to the signal SCK in the
12S-bus specification.

| CAN_RD2 — CANZ2 receiver input.

| T2_CAPO — Capture input for Timer 2, channel 0.
- R — Function reserved.

- R — Function reserved.

- R — Function reserved.

O LCD_VD[0] — LCD data.

LPC178X_7X
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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[8] 160 (A15 |C12 111 M [I;IA /O  PO[8] — General purpose digital input/output pin.

IO |12S_TX_WS — I2S Transmit word select. It is driven by the
master and received by the slave. Corresponds to the signal WS
in the 12S-bus specification.

/O SSP1_MISO — Master In Slave Out for SSP1.

(0] T2_MAT2 — Match output for Timer 2, channel 2.

I RTC_EV1 — Event input 1 to Event Monitor/Recorder.

- R — Function reserved.

- R — Function reserved.

(0] LCD_VD[16] — LCD data.

PO[9] 158 C14 A13 (109 | ;1A /O  PO[9] — General purpose digital input/output pin.

I/O  |12S_TX_SDA — I2S transmit data. It is driven by the transmitter
and read by the receiver. Corresponds to the signal SD in the
12S-bus specification.

/O  SSP1_MOSI — Master Out Slave In for SSP1.

(@] T2_MAT3 — Match output for Timer 2, channel 3.

I RTC_EV2 — Event input 2 to Event Monitor/Recorder.

- R — Function reserved.

- R — Function reserved.

(0] LCD_VD[17] — LCD data.

PO[10] 98 T15 L10 69 Bl /O  PO[10] — General purpose digital input/output pin.
PU o U2_TXD — Transmitter output for UART2.

I/O  |12C2_SDA — I2C2 data input/output (this pin does not use a
specialized 12C pad).

(0] T3_MATO — Match output for Timer 3, channel 0.

PO[11] 100 |[R14 P12 70 Bl /O PO[11] — General purpose digital input/output pin.
PU U2_RXD — Receiver input for UART2.

I/O  |12C2_SCL — I2C2 clock input/output (this pin does not use a
specialized 12C pad).

(0] T3_MAT1 — Match output for Timer 3, channel 1.

PO[12] 41 R1 J4 29 B /O PO[12] — General purpose digital input/output pin.
PU o USB_PPWR2 — Port Power enable signal for USB port 2.

/O  SSP1_MISO — Master In Slave Out for SSP1.

I ADCO_IN[6] — A/D converter 0, input 6. When configured as an
ADC input, the digital function of the pin must be disabled.

LPC178X_7X
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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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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
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32-bit ARM Cortex-M3 microcontroller

pins).
Symbol o S Description
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P4[29] 176 B10 B9 (122 B /0 P4[29] — General purpose digital input/output pin.
PU o EMC_BLS3 — LOW active Byte Lane select signal 3.
| U3_RXD — Receiver input for UART3.
(0] T2_MAT1 — Match output for Timer 2, channel 1.
I/0O  |12C2_SCL — I2C2 clock input/output (this pin does not use a
specialized 12C pad).
o] LCD_VD[7] — LCD data.
O LCD_VD[11] — LCD data.
o] LCD_VD[3] — LCD data.
P4[30] 187 B7 C7 130 B /O P4[30] — General purpose digital input/output pin.
PU '0  EMC_CS0— LOW active Chip Select 0 signal.
P4[31] 193 A4 E7 (134 B | /O P4[31] — General purpose digital input/output pin.
PU 0 EMC_CSL1— LOW active Chip Select 1 signal.

P5[0] to P5[4] I/O  Port5: Port 5 is a 5-bit I/O port with individual direction controls
for each bit. The operation of port 5 pins depends upon the pin
function selected via the pin connect block.

P5[0] 9 F4 E5 6 Bl I/O  P5[0] — General purpose digital input/output pin.

PU 0 EMC_A[24] — External memory address line 24.
/O  SSP2_MOSI — Master Out Slave In for SSP2.
(0] T2_MAT2 — Match output for Timer 2, channel 2.

P5[1] 30 |J4 H1 21 Bl I/O  P5[1] — General purpose digital input/output pin.

PU 0 EMC_A[25] — External memory address line 25.
/O  SSP2_MISO — Master In Slave Out for SSP2.
(0] T2_MAT3 — Match output for Timer 2, channel 3.

P5[2] 117 [L14 L1281 [ || /O P5[2] — General purpose digital input/output pin.

- R — Function reserved.

- R — Function reserved.

(0] T3_MAT2 — Match output for Timer 3, channel 2.

- R — Function reserved.

I/O  12C0_SDA — I2C0 data input/output (this pin uses a specialized
I2C pad that supports I12C Fast Mode Plus).

LPC178X_7X
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Table 4. Pin allocation table TFBGA208

Not all functions are available on all parts. See Table 2 and Table 7 (EMC pins).

Ball |Symbol Ball |Symbol Ball |Symbol Ball |Symbol
13 14 PO[16] 15 P4[23)] 16 PO[15]
17 P4[8] - - -

iRow K

1 VREFP 2 RTCX1 3 RSTOUT 4  VSSREG
13 - 14 P4[22] 15 PO[18] 16 Vopvs)
17 PO[17] - - -

iRow L

1 P37 RTCX2 Vss P2[30]
- _ _ _

9 - 10 - 1m - 12 -

13 - 14 P5[2] 15 P4[26] 16 P4[7]

17 PO[19] - - -

iRow M

1 P3[15] RESET VBAT XTALL
- _ _ _

9 - 10 - 1m - 12 -

13 - 14 P46 15 P4[21] 16 PO[21]
17 PO[20] - - -

iRow N

1 RTC_ALARM 2 P2[31] P2[29] XTAL2
. _ _ _

9 - 10 - 1n - 12 -

13 - 14 P2[12 15 P2[10] 16 Vss

17 PO[22] - - -

iRow P

1 P13 P1[30] P2[27] P2[28]
5 P2[24] Vbp(avs) P1[18] Vbp(avs)
9 P1[23] 10 VSSREG 11 Vppres)avs) 12 Vss

13 P2[15] 14 P4[17] 15 P4[18] 16 P4[19]
17 |Vopgvs) - - -

iRow R

1 PO[12] 2 PO[13] PO[28] P2[25]
5 P3[24] PO[30] P2[19] P1[21]

9 Ves 10 P1[26] 11 P2[16] 12 P2[14]
13 P2[17] 14 PO[11] 15 P4[4] 16 P4[5]

17 P4[20] - - -
iRow T

1 PO[27] 2 PO[31] P3[26] P2[26]
5 Vss P3[23] PO[14] P2[20]
9 P1[24] 10 P1[25] 11 P4[2] 12 P1[27]
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Table 4. Pin allocation table TFBGA208
Not all functions are available on all parts. See Table 2 and Table 7 (EMC pins).
Ball |Symbol Ball |Symbol Ball |Symbol Ball |Symbol
13 P1[28] 14 PO[1] 15 PO[10] 16 P2[13]
17 P2[11] - - -
iRow U
1 USB_D-2 2 P3[25] P2[18] PO[29]
5 P2[23] P1[19] P1[20] P1[22]
9 P4[0] 10 P4[1] 1 P2[21] 12 P2[22]
13 Vopavs) 14 P1[29] 15 PO[0] 16 P4[3]
17 P4[16] - - -
Table 5. Pin allocation table TFBGA180
Not all functions are available on all parts. See Table 2 and Table 7 (EMC pins).
Ball |Symbol ‘Ball ‘Symbol Ball |Symbol Ball |Symbol
Row A
5 P1[1] 6 |P3[8] 7 P1[10] 8 P1[15]
9 P1[3] 10 Vssres 11 PO4] 12 P11
13 PO[9] 14  |P1[12] - -
‘Row B
1 JTAG_TDO (SWO) P3[11] 3 P3[10] 4 Vss
5 P1[0] P1[8] 7 P12 8 P1[16]
9 P4[29] 10 P16] 1 PO[5] 12 PO[7]
13 P1[5] 14 P4[13] ' - ' -
Row C
>1 P3[13] JTAG_TMS (SWDIO) JTAG_TDI P5[4]
5 Vbp(3v3) P1[4] P4[30] P4[24]
9 P1[17] 10 P4[15] 11 Vss 12 PO[8]
13 P1[7] 14 |P2[1] - -
'Row D
1 PO[26] 2 |JTAG_TCK 3 P3[4] 4 JTAG_TRST
(SWDCLK)
PO[2] 6  P3[0] 7 P19 8 P1[14]
P4[25] 10 |P4[28] 1 PO[6] 12 P2[0]
13 Vgs 14 P1[13] ' - ' -
Row E
1 PO[24] 2 Vopavs 3 P3[5] PO[25]
5 P5[0] P3[1] P4[31] 8 P4[14]
9 VDD(REG)3V3) 10 | Vbp@va) 11 P22 12 Vppavs)
13 P2[3] 14 |P2[4] - -
‘Row F
1 P3[14] 2 |Vppa Vssa 4 P3[6]
5 PO[23] ; - 8 -
9 - 10  |P4[12] 11 |P4[11] 12 P2[5]
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7.14 Ethernet

Remark: The Ethernet block is available on parts LPC1788/86 and LPC1778/76.

The Ethernet block contains a full featured 10 Mbit/s or 100 Mbit/s Ethernet MAC
designed to provide optimized performance through the use of DMA hardware
acceleration. Features include a generous suite of control registers, half or full duplex
operation, flow control, control frames, hardware acceleration for transmit retry, receive
packet filtering and wake-up on LAN activity. Automatic frame transmission and reception
with scatter-gather DMA off-loads many operations from the CPU.

The Ethernet block and the CPU share the ARM Cortex-M3 D-code and system bus
through the AHB-multilayer matrix to access the various on-chip SRAM blocks for
Ethernet data, control, and status information.

The Ethernet block interfaces between an off-chip Ethernet PHY using the Media
Independent Interface (MIl) or Reduced MII (RMII) protocol and the on-chip Media
Independent Interface Management (MIIM) serial bus.

7.14.1 Features

LPC178X_7X

* Ethernet standards support:

— Supports 10 Mbit/s or 100 Mbit/s PHY devices including 10 Base-T, 100 Base-TX,
100 Base-FX, and 100 Base-T4.

— Fully compliant with IEEE standard 802.3.

— Fully compliant with 802.3x Full Duplex Flow Control and Half Duplex back
pressure.

— Flexible transmit and receive frame options.
— Virtual Local Area Network (VLAN) frame support

* Memory management:
— Independent transmit and receive buffers memory mapped to shared SRAM.
— DMA managers with scatter/gather DMA and arrays of frame descriptors.
— Memory traffic optimized by buffering and pre-fetching.

* Enhanced Ethernet features:
— Receive filtering.
— Multicast and broadcast frame support for both transmit and receive.

— Optional automatic Frame Check Sequence (FCS) insertion with Circular
Redundancy Check (CRC) for transmit.

— Selectable automatic transmit frame padding.

— Over-length frame support for both transmit and receive allows any length frames.
— Promiscuous receive mode.

— Automatic collision back-off and frame retransmission.

— Includes power management by clock switching.

— Wake-on-LAN power management support allows system wake-up: using the
receive filters or a magic frame detection filter.
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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).

7.26.1 Features

¢ LPC178x/7x has two PWM blocks 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.

* 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.

7.27 Motor control PWM

LPC178X_7X

The LPC178x/7x contain one 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
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7.33.4.2

7.33.4.3

LPC178X_7X

32-bit ARM Cortex-M3 microcontroller

In Sleep mode, execution of instructions is suspended until either a Reset or interrupt
occurs. Peripheral functions continue operation during Sleep mode and may generate
interrupts to cause the processor to resume execution. Sleep mode eliminates dynamic
power used by the processor itself, memory systems and related controllers, and internal
buses.

The DMA controller can continue to work in Sleep mode and has access to the peripheral
RAMs and all peripheral registers. The flash memory and the main SRAM are not
available in Sleep mode, they are disabled in order to save power.

Wake-up from Sleep mode will occur whenever any enabled interrupt occurs.

Deep-sleep mode

In Deep-sleep mode, the oscillator is shut down and the chip receives no internal clocks.
The processor state and registers, peripheral registers, and internal SRAM values are
preserved throughout Deep-sleep mode and the logic levels of chip pins remain static.
The output of the IRC is disabled but the IRC is not powered down to allow fast wake-up.
The RTC oscillator is not stopped because the RTC interrupts may be used as the
wake-up source. The PLL is automatically turned off and disconnected. The clock divider
registers are automatically reset to zero.

The Deep-sleep mode can be terminated and normal operation resumed by either a
Reset or certain specific interrupts that are able to function without clocks. Since all
dynamic operation of the chip is suspended, Deep-sleep mode reduces chip power
consumption to a very low value. Power to the flash memory is left on in Deep-sleep
mode, allowing a very quick wake-up.

Wake-up from Deep-sleep mode can initiated by the NMI, External Interrupts EINTO
through EINT3, GPIO interrupts, the Ethernet Wake-on-LAN interrupt, Brownout Detect,
an RTC Alarm interrupt, a USB input pin transition (USB activity interrupt), a CAN input
pin transition, or a Watchdog Timer time-out, when the related interrupt is enabled.
Wake-up will occur whenever any enabled interrupt occurs.

On wake-up from Deep-sleep mode, the code execution and peripherals activities will
resume after four cycles expire if the IRC was used before entering Deep-sleep mode. If
the main external oscillator was used, the code execution will resume when 4096 cycles
expire. PLL and clock dividers need to be reconfigured accordingly.

Power-down mode

Power-down mode does everything that Deep-sleep mode does but also turns off the
power to the IRC oscillator and the flash memory. This saves more power but requires
waiting for resumption of flash operation before execution of code or data access in the
flash memory can be accomplished.

When the chip enters Power-down mode, the IRC, the main oscillator, and all clocks are
stopped. The RTC remains running if it has been enabled and RTC interrupts may be
used to wake up the CPU. The flash is forced into Power-down mode. The PLLs are
automatically turned off and the clock selection multiplexers are set to use the system
clock sysclk (the reset state). The clock divider control registers are automatically reset to
zero. If the Watchdog timer is running, it will continue running in Power-down mode.
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Table 13. Static characteristics ...continued
Tamb = 40 €T to +85 <, unless otherwise specified.
Symbol Parameter Conditions Min Typli Max Unit
Standard port pins, RESET
I LOW-level input current 'V, =0 V; on-chip pull-up - 0.5 10 nA
resistor disabled
i1 HIGH-level input V| = Vpp(ava);: on-chip - 0.5 10 nA
current pull-down resistor
disabled
loz OFF-state output Vo =0V; Vo = Vpp@iva) - 0.5 10 nA
current on-chip pull-up/down
resistors disabled
V| input voltage pin configured to provide | [15116] |0 - 5.0 \Y
a digital function 7
Vo output voltage output active 0 - Vbb@ava) \
ViH HIGH-level input O-7VDD(3V3) - - \%
voltage
ViL LOW-level input voltage - - 0.3Vppevs) |V
Vhys hysteresis voltage 0.4 - - \%
VoH HIGH-level output lon =—-4 mA VDD(3V3) - |- - \%
voltage
VoL LOW:-level output loL =4 mA - - 0.4 \%
voltage
loH HIGH-level output Vou = VDD(3V3) -04V -4 - - mA
current
loL LOW:-level output VoL=0.4V 4 - - mA
current
loHs HIGH-level short-circuit Voy =0V [18] - - -45 mA
output current
loLs LOW-level short-circuit Vo = Vpp(ava) [18] - - 50 mA
output current
}Ipd pull-down current ‘V| =5V }10 }50 }150 JIVAN
lou pull-up current Vi=0V -15 -50 -85 pA
VDD(3V3) <V, <5V 0 0 0 ]J,A
I2C-bus pins (P0[27] and P0[28])
Viy HIGH-level input 0.7Vop@avs) - - \4
voltage
Vi LOW:-level input voltage - - 0.3Vppeavs) |V
Vhys hysteresis voltage - 0.05 x - \%
Vbp(3va)
VoL LOW:-level output loLs =3 MA - - 0.4 \%
voltage
I input leakage current V| = Vpp(ava) [19] |- 2 4 LA
V=5V - 10 22 pA
USB pins
loz OFF-state output oOV<V, <33V [20] |- - +10 pA
current
Veus bus supply voltage [20] |- - 5.25 Y,
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Fig 26.

LCD_DCLK
- —

Tey(clk)

LCD_VD[n]

R G—

002aah325

The LCD panel clock is shown with the default polarity. The clock can be inverted via the IPC bit in
the LCD_POL register. Typically, the LCD panel uses the falling edge of the LCD_DCLK to sample

the data.
LCD timing

11.10 SD/MMC
Remark: The SD/MMC card interface is available on parts LPC1788/87/86 and parts

LPC178X_7X

LPC1778/77/76.
Table 30. Dynamic characteristics: SD/MMC
CL=10pF, Tqmp = 40 T to 85 T, Vppavz) = 3.0 V to 3.6 V. Values guaranteed by design.
Symbol Parameter Conditions Min  Max | Unit
feik clock frequency on pin SD_CLK; data transfer mode - 25 MHz
on pin SD_CLK; identification mode 25 MHz
tsup) data input set-up time jon pins SD_CMD, SD_DAT[3:0] as 6 - ns
inputs
th() data input hold time  |on pins SD_CMD, SD_DATJ[3:0] as 6 - ns
inputs
tav) data output valid on pins SD_CMD, SD_DAT[3:0] as - 23 ns
delay time outputs
thQ) data output hold time on pins SD_CMD, SD_DAT([3:0] as 35 - ns
outputs
Tey(clk)
SD_CLK
o N \
tav) M
SD_CMD (O)
SD_DATn (O)
tsud) | th(D)
SD_CMD (1)
SD_DATn (I ><
002aag204
Fig 27. SD/MMC timing
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14. Application information

14.1 Suggested USB interface solutions

Remark: The USB controller is available as a device/Host/OTG controller on parts
LPC1788/87/86/85 and LPC1778/77/76 and as device-only controller on parts LPC1774.

VDbD(3v3)

USB_UP_LED

USB_CONNECT

LPC17xx T’-- SoftConnect switch

R1

1.5kQ
VBuUs
USB D+ Rs=33Q — USB-B
1 = connector
USB D- Rs=33Q
o | p—
—J
Vss
002aad939
Fig 30. USB interface on a self-powered device
VDD(3v3)
A
R2
LPC17xx R1
USB_UP_LED 1.5kQ
VBUS
USB D+ Rs=33Q ,—»—-— USB-B
= 1 o connector
USB_D- Rs=33Q
— | p—
T
Vss
002aad940
Fig 31. USB interface on a bus-powered device
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Vpp

R1| |R2 R3 R4

RSTOUT RESET_N VBuUS
ADR/PSW ID
OE_N/INT_N 330
Vop = = oP — 5 |mini-AB
! SPEED DM 33Q connector
[I] r] SUSPEND | ISP1302
R4 | |R5 | |R6 1 Vssio
USB_SCL1 = SCL Vsscore 1
USB_SDA1 SDA
USB_INT1 INT_N
USB_D+1
USB_D-1
Vbp
USB_UP_LED1 R7
f %
5V Vbp
IN
P — — LM3526-L OUTA
USB_PPWR2 ;
- ENA FLAGA
USB_OVRCR2 ]
USB_PWRD2 VBUS
USB_D+2 330 D+
— USB-A
USB_D-2 330 D- connector
— | p—
915 ka []15ka v Vssio, _|
SSCORE
= = Vobp
USB_UP_LED2 R8
f 7z
002aag506

Fig 32. USB OTG port configuration: port 1 OTG dual-role device, port 2 host
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Vbp
RSTOUT [Il] RESET_N
USB_TX_E1 OE_N/INT_N
USB_TX_DP1 DAT_VP
USB_TX_DM1 SEO_VM
USB_RCV1 RCV
USB_RX_DP1 VP
USB_RX_DM1 VM
Vbp

ADR/PSW

SPEED

SUSPEND

USB_SCL1 SCL
USB_SDA1 SDA
USB_INT1 INT_N

\%s)s)

USB_UP_LED1_i/

%y

Fig 33. USB OTG port configuration: VP_VM mode

ISP1302

VBUs
ID
DP 33Q
T
DM 33Q
T
Vssio, —
VSSCORE

USB MINI-AB
connector

002aag507
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Table 36.
Acronym

Abbreviations

Description

ADC
AHB

Analog-to-Digital Converter
Advanced High-performance Bus

AMBA
APB

Advanced Microcontroller Bus Architecture
Advanced Peripheral Bus

BOD
CAN

BrownOut Detection

'Controller Area Network

DAC
DMA

Digital-to-Analog Converter
Direct Memory Access

EOP
ETM

End Of Packet
Embedded Trace Macrocell

GPIO
GPS

General Purpose Input/Output
Global Positioning System

HVAC
IRC

Heating, Venting, and Air Conditioning
Internal RC

IrDA
JTAG

Infrared Data Association
Joint Test Action Group

MAC
MIIM

Media Access Control
Media Independent Interface Management

OHCI
OTG

Open Host Controller Interface
On-The-Go

PHY
PLC

Physical Layer
Programmable Logic Controller

PLL
PWM

Phase-Locked Loop
Pulse Width Modulator

RMII
SEO

Reduced Media Independent Interface
Single Ended Zero

SPI
SSI

Serial Peripheral Interface
Serial Synchronous Interface

SSP
TCM

Synchronous Serial Port
Tightly Coupled Memory

TTL
UART

Transistor-Transistor Logic
Universal Asynchronous Receiver/Transmitter

USB

LPC178X_7X

Universal Serial Bus
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Table 37. Revision history ...continued

Document ID Release date ‘Data sheet status ‘Change notice Supersedes

LPC178X_7Xv.4.1 20121115 ‘ Product data sheet

Modifications: .

- LPC178X_7X v.4

LCD timing characteristics updated in Table 27 “Dynamic characteristics: LCD” and
Figure 26 added.

Removed table note “The peak current is limited to 25 times the corresponding maximum
current.” in Table 9.

Removed deep power-down spec Table 13 and associated table note.
Updated min value for tyeneow Table 15.

Removed Fig 21 Internal RC oscillator frequency versus temperature.
Updated 12-bit and 8-bit values for Et Table 29.

Changed data sheet status to Product.

LPC178X_7X v.4 20120501 Preliminary data sheet - LPC178X_7Xv.3

Modifications: 4

LPC178X_7X

Editorial updates.

BOD values added in Section 7.34.2.

Parameters tcsipLsL, tcsHOEH, toEHANV: tdeact: tBLSHEOW, tBLSHDNY Updated in Table 17.
C_ = 10 pF added to Table 24, Table 26, Table 28.

Ipp(rEG)(3v3) Corrected in Table 13 for conditions Deep-sleep mode, Power-down mode, and
Deep-power down mode.

IgaT Corrected in Table 13 for condition Deep power-down mode.

Power consumption data in Figure 9 and Figure 10 corrected.

I/0 voltage Vpp(av3) specified in Table 17, Table 18, Table 19, Table 24, Table 28.
Vbp(ava) range corrected in Table 23.

Parameter C_ changed to 10 pF for EMC timing in Table 17 to Table 20.

USB and Ethernet dynamic characteristics removed. Timing characteristics follow USB 2.0
Specification (full speed) and IEEE standard 802.3 standards (see Section 7.15 and
Section 7.14 for compliance statements).

Pad characteristics updated in Table 3.

Parameter Igat updated in Table 13.

Figure 11 added.

SDRAM timing corrected in Figure 19.

EEPROM erase and programming times added (Table 16).
Data sheet status changed to preliminary.
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Table 37. Revision history ...continued

Document ID Release date ‘Data sheet status ‘Change notice Supersedes

LPC178X_7X v.3 20111220 ‘Objective data sheet

Modifications: .

LPC178X_7X v.2 20110527 Objective data sheet - LPC178X_7Xv.1

- LPC178X_7X v.2
Removed BOOT function from pin P3[14].

Igat and Ipprec)(3v3) Updated for Deep power-down mode in Table 13.

Maximum SDRAM clock of 80 MHz specified in Section 2, Table 18, and Table 19.
Power consumption data added (Figure 9 and Figure 10).

Removed parameter Zpgy in Table 13.

Specified maximum value for parameter C_ in Table 33 and remove typical value.
Specified setting of boost bits in Table 14, Table note 5 and in Table 13, Table note 6 .
USB connection diagrams updated (Figure 33 to Figure 36).

Current drain condition on battery supply specified in Section 7.33.6.

Table note 10 in Table 13 updated.

ADC characteristics updated (Table 31).

Section 14.6 “Reset pin configuration for RTC operation” added.

EEPROM size for parts LPC1774 corrected in Table 2 and Figure 1.

Changed function LCD_VDI[5] on pin PO[10] to Reserved.

Changed function LCD_VD[10] on pin P0O[11] to Reserved.

Changed function LCD_VD[13] on pin PO[19] to Reserved.

Changed function LCD_VD[14] on pin P0O[20] to Reserved.

ADC interface model updated (see Table 32 and Figure 30).

Modifications: 4

Symbol names in Table 3 to Table 5 abbreviated.
Reserved functions added in Table 3.
Added function LCD_VDI5] to pin PO[10].
Added function LCD_VD[10] to pin PO[11].
Added function LCD_VDJ[13] to pin PO[19].
Added function LCD_VD[14] to pin P0O[20].
Added function U4_SCLK to pin PO[21].
Added function

Added function MOSI to pin P5[0].

Added function SSP2_MISO to pin P5[1].
Added EMC dynamic characteristics.

LPC178X_7X v.1 20110524 Objective data sheet - -

LPC178X_7X
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20. Legal information

LPC178x/7x

32-bit ARM Cortex-M3 microcontroller

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

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

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.

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

Product data sheet

Rev. 5.5 — 26 April 2016

123 of 126


http://www.nxp.com
http://www.nxp.com/profile/terms

NXP Semiconductors

22. Contents

LPC178x/7x

32-bit ARM Cortex-M3 microcontroller

O b WN PP

6.1

7.1
7.2
7.3
7.4
7.5
7.6
7.7
7.8
7.8.1
7.8.2
7.9
7.10
7.10.1
7.11
7111
7.12
7.121
7.13
7.13.1
7.14
7.141
7.15
7.15.1
7.151.1
7.15.2
7.15.2.1
7.15.3
7.15.3.1
7.16
7.16.1
7.17
7.17.1
7.18
7.18.1
7.19
7.19.1
7.20
7.20.1

LPC178X_7X

General description...................... 1 7.21 SSP serial /O controller. . ............... 53
Features and benefits . ................... 1 7.211 Features............... .. ... ........ 54
APPlICAtIONS . .+ oo 4 7.22 I2C-bus serial I/O controllers . ............ 54
L . 7.22.1 Features. ... ..., 54
Orderlng nformation. ... 5 7.23 12S-bus serial I/O controllers . ............ 55
Block diagram ... 77231 Features......................iiiii.. 55
Pinning information...................... 8 7.24 CAN controller and acceptance filters . . . . .. 55
Pinning ............ ... ... ... .. 8 7.24.1 Features............. ... ... 55
Pindescription ............. ... .. ...... 9 7.25 General purpose 32-bit timers/external event
Functional description .................. 40 COUNEEIS . . v 56
Architectural overview .................. 40 7251 Feawres..................o 56
ARM Cortex-M3 processor. . ............. 41 7.26 Pulse Width Modulator (PWM). .. ......... 56
On-chip flash program memory ........... 41 7.26.1 Features............. ... ... ... . ..... 57
EEPROM . . . oo 41 7.27 Motor control PWM . ................... 57
ON-Chip SRAM .. . oo oo 41 7.28 Quadrature Encoder Interface (QEI) .. ... .. 58
Memory Protection Unit (MPU) ____________ 41 7.28.1 Features............. R R 58
MEMOIY MAP. .+« e e veeeee e 42 7.29 ARM Cortex-M3 system tick timer . ... .. ... 58
Nested Vectored Interrupt Controller (NVIC) . 44  7-30 Windowed WatchDog Timer (WWDT) .. ... ... 59
FEAUIES . o o v o oo oo 44 7.30.1 Features. ... ..... ... .. 59
INtErTUPE SOUFCES. . . o o oo oo oo oo oo 44 731 RTC and backup registers............... 59
Pinconnect block . . . . ..o 44 7.31.1 Features......... ... ... . .. 59
External memory controller. . ............. 44 7.32 Event monitor/recorder . ................ 60
FEalUres . . . .. oo oo 46 7.32.1 Features. ... ... ... ... ... i, 60
General purpose DMA controller . ... ... ... 46 7.33 Clocking and power control . ............. 60
FEAUES . o . o v oo o oo 47 7.33.1 Crystal oscillators. . . ................... 60
CRCENGINE ..o\ ovoee e 47 7.33.1.1 Internal RCoscillator .. ................. 61
FEatUres . . . . oo oo 47 7.33.1.2 Mainoscillator .. .......... ... .. ... ... 61
LCD controller. . . ... 48 7.33.1.3 RTCoscillator ........................ 62
Fatures . . . . ..o oo 48 7.33.1.4 Watchdog oscillator . . .................. 62
Ethernet . .. ... ..o oo 49 7.33.2 Main PLL (PLLO) and Alternate PLL (PLL1) . 62
FEAUES . o . o v oo o oo 49 7.33.3 Wake-up timer ........... ... .. ... .... 63
USB interface . . . .. ..o 50 7.33.4 Powercontrol. . ........... ... ... ..... 63
USB device controller. . . ................ 50 73341 Sleepmode ........... ... 63
Features . . . . ... oo 50 7.33.4.2 Deep-sleepmode. ..................... 64
USB host controller. . . . ..o oo 50 7.33.4.3 Power-downmode. .................... 64
FEatUres . . . . oo oo 50 7.33.4.4 Deep power-downmode . ............... 65
USB OTG controller . . .« oo oo 51 7.33.4.5 Wake-up Interrupt Controller (WIC) . ... .... 65
FEatUreS . . . . oo oo 51 7.33.5 Peripheral power control . ............... 65
SD/MMC card interface . . ...\ ... 51 7.33.6 Powerdomains ....................... 65
Features . . . .. ..o 51 7.34 Systemcontrol. ........... ... .. 67
Fast general purpose parallel /O . ......... 51 7341 Reset...............ooe 67
FEatures . . . . ..o oo 52 7.34.2 Brownout detection .. .................. 67
12-Dit ADC .« o o oo oo 52 7.34.3 Code security (Code Read Protection - CRP) 67
FEatUres . . . . oo oo 52 7344 APBinterface.......... ... ... . . 68
10-Dit DAC .« o o oo oo 52 7.34.5 AHB multilayer matrix .................. 68
Features . . . .. ..o 53 7.34.6 External interruptinputs. . ............... 68
UARTS. . o oo oo 53 7.34.7 Memory mapping control . ... ............ 68
FEALUMES . . o oo oo oo e e e 53 735 Debug control. . ... 68
continued >>
All information provided in this document is subject to legal disclaimers. © NXP Semiconductors N.V. 2016. All rights reserved.

Product data sheet

Rev. 5.5 — 26 April 2016

125 of 126



