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Welcome to E-XFL.COM

What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
Microcontrollers"

Embedded microcontrollers are used in virtually every
sector of electronics, providing the necessary control and
processing power for a multitude of applications. In
consumer electronics, they manage the operations of
smartphones, home appliances, and wearable devices. In
automotive systems, microcontrollers control engine
functions, safety features, and infotainment systems.
Industrial applications rely on microcontrollers for
automation, robotics, and process control. Additionally,
microcontrollers are integral in medical devices, handling
functions such as monitoring, diagnostics, and control of
therapeutic equipment. Their versatility and
programmability make them essential components in
creating efficient, responsive, and intelligent electronic
systems.

Common Subcategories of "Embedded -
Microcontrollers"

Embedded microcontrollers can be categorized based on
their architecture, performance, and application focus.
Common subcategories include 8-bit, 16-bit, and 32-bit
microcontrollers, differentiated by their processing power
and memory capacity. 8-bit microcontrollers are typically
used in simple applications like basic control systems and
small devices. 16-bit microcontrollers offer a balance
between performance and complexity, suitable for
medium-scale applications like industrial automation. 32-
bit microcontrollers provide high performance and are
used in complex applications requiring advanced
processing, such as automotive systems and sophisticated
consumer electronics. Each subcategory serves a specific
range of applications, providing tailored solutions for
different performance and complexity needs.

Types of "Embedded - Microcontrollers"

There are various types of embedded microcontrollers,
each designed to meet specific application requirements.
General-purpose microcontrollers are versatile and used in
a wide range of applications, offering a balance of
performance, memory, and peripheral options. Special-
purpose microcontrollers are tailored for specific tasks,
such as automotive controllers, which include features like
built-in motor control peripherals and automotive-grade
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 purpose digital input/output pin.

 I2S Receive clock. It is driven by the 
ved by the slave. Corresponds to the 
 I2S-bus specification.

N2 receiver input.

ture input for Timer 2, channel 0.

erved.

omparator relaxation oscillator for 555 
.

erved.

D data.

 purpose digital input/output pin.
2S Receive word select. It is driven by the 
ved by the slave. Corresponds to the 
I2S-bus specification.

N2 transmitter output.

ture input for Timer 2, channel 1.

erved.

 Comparator reset.

erved.

D data.

Table 3. Pin description …continued
Not all functions are available on all parts. See Table 2 (Ethernet, USB, LCD, QEI, SD/MMC, comparator pins) and Table 5 (EMC pins).
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P0[4] 168 B12 A11 116 81 - - [3] I; PU I/O P0[4] — General

I/O I2S_RX_SCK —
master and recei
signal SCK in the

I CAN_RD2 — CA

I T2_CAP0 — Cap

- R — Function res

I/O CMP_ROSC — C
timer applications

- R — Function res

O LCD_VD[0] — LC

P0[5] 166 C12 B11 115 80 - - [3] I; PU I/O P0[5] — General

I/O I2S_RX_WS — I
master and recei
signal WS in the 

O CAN_TD2 — CA

I T2_CAP1 — Cap

- R — Function res

I CMP_RESET —

- R — Function res

O LCD_VD[1] — LC
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 purpose digital input/output pin.

thernet transmit data 0 (RMII/MII 

erved.

ture input for Timer 3, channel 1.

erial clock for SSP2.

 purpose digital input/output pin.

thernet transmit data 1 (RMII/MII 

erved.

ch output for Timer 3, channel 3.

aster Out Slave In for SSP2.

 purpose digital input/output pin.

thernet transmit data 2 (MII interface).

k output line for SD card interface.

e Width Modulator 0, output 1.

 purpose digital input/output pin.

thernet transmit data 3 (MII interface).

mand line for SD card interface.

e Width Modulator 0, output 2.

 purpose digital input/output pin.

 Ethernet transmit data enable (RMII/MII 

erved.

ch output for Timer 3, channel 2.

aster In Slave Out for SSP2.

Table 3. Pin description …continued
Not all functions are available on all parts. See Table 2 (Ethernet, USB, LCD, QEI, SD/MMC, comparator pins) and Table 5 (EMC pins).
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P1[0] 196 A3 B5 136 95 76 A3 [3] I; PU I/O P1[0] — General

O ENET_TXD0 — E
interface).

- R — Function res

I T3_CAP1 — Cap

I/O SSP2_SCK — S

P1[1] 194 B5 A5 135 94 75 B4 [3] I; PU I/O P1[1] — General

O ENET_TXD1 — E
interface).

- R — Function res

O T3_MAT3 — Mat

I/O SSP2_MOSI — M

P1[2] 185 D9 B7 - - - - [3] I; PU I/O P1[2] — General

O ENET_TXD2 — E

O SD_CLK — Cloc

O PWM0[1] — Puls

P1[3] 177 A10 A9 - - - - [3] I; PU I/O P1[3] — General

O ENET_TXD3 — E

I/O SD_CMD — Com

O PWM0[2] — Puls

P1[4] 192 A5 C6 133 93 74 B5 [3] I; PU I/O P1[4] — General

O ENET_TX_EN —
interface).

- R — Function res

O T3_MAT2 — Mat

I/O SSP2_MISO — M
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 purpose digital input/output pin.

Ethernet receive data 0 (RMII/MII 

erved.

ch output for Timer 3, channel 0.

l purpose digital input/output pin.

Ethernet receive data 1 (RMII/MII 

erved.

ture input for Timer 3, channel 0.

l purpose digital input/output pin.

Ethernet Receive Data 2 (MII interface).

ata line 2 for SD card interface.

e Width Modulator 0, output 6.

l purpose digital input/output pin.

Ethernet Receive Data (MII interface).

ata line 3 for SD card interface.

 Capture input for PWM0, channel 0.

erved.

omparator 1, output.

l purpose digital input/output pin.

 Ethernet Receive Data Valid (MII 

Table 3. Pin description …continued
Not all functions are available on all parts. See Table 2 (Ethernet, USB, LCD, QEI, SD/MMC, comparator pins) and Table 5 (EMC pins).

Symbol

P
20

8

G
A

20
8

G
A

18
0

P
14

4

P
10

0

P
80

G
A

80

ta
te

[1
]

Description
A
ll inform

ation
 provided

 in this do
cum

ent is sub
ject to leg

al d
isclaim

ers.
©

 N
X

P
 S

e
m

icon
ductors N

.V
. 2017. A

ll rig
hts reserved.

eet
R

ev. 3 —
 11 Jan

u
ary 2017 

23 o
f 140

P1[9] 188 A6 D7 131 91 72 A4 [3] I; PU I/O P1[9] — General

I ENET_RXD0 — 
interface).

- R — Function res

O T3_MAT0 — Mat

P1[10] 186 C8 A7 129 90 71 A5 [3] I; PU I/O P1[10] — Genera

I ENET_RXD1 — 
interface).

- R — Function res

I T3_CAP0 — Cap

P1[11] 163 A14 A12 - - - - [3] I; PU I/O P1[11] — Genera

I ENET_RXD2 — 

I/O SD_DAT[2] — D

O PWM0[6] — Puls

P1[12] 157 A16 A14 - - - - [3] I; PU I/O P1[12] — Genera

I ENET_RXD3 — 

I/O SD_DAT[3] — D

I PWM0_CAP0 —

- R — Function res

O CMP1_OUT — C

P1[13] 147 D16 D14 - - - - [3] I; PU I/O P1[13] — Genera

I ENET_RX_DV —
interface).
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l purpose digital input/output pin.

B port 1 OTG transceiver interrupt (OTG 

 USB port 1 Over-Current status.

ture input for Timer 0, channel 1.

ctable clock output.

erved.

CD data.

CD data.

l purpose digital input/output pin.

SB port 1 I2C serial clock (OTG 

 Capture input for PWM1, channel 0.

ch output for Timer 0, channel 0.

 control PWM channel 2, output A.

lave Select for SSP0.

CD data.

CD data.

Table 3. Pin description …continued
Not all functions are available on all parts. See Table 2 (Ethernet, USB, LCD, QEI, SD/MMC, comparator pins) and Table 5 (EMC pins).

Symbol

P
20

8

G
A

20
8

G
A

18
0

P
14

4

P
10

0

P
80

G
A

80

ta
te

[1
]

Description
A
ll inform

ation
 provided

 in this do
cum

ent is sub
ject to leg

al d
isclaim

ers.
©

 N
X

P
 S

e
m

icon
ductors N

.V
. 2017. A

ll rig
hts reserved.

eet
R

ev. 3 —
 11 Jan

u
ary 2017 

29 o
f 140

P1[27] 88 T12 M9 61 43 - - [3] I; PU I/O P1[27] — Genera

I USB_INT1 — US
transceiver).

I USB_OVRCR1 —

I T0_CAP1 — Cap

O CLKOUT — Sele

- R — Function res

O LCD_VD[13] — L

O LCD_VD[21] — L

P1[28] 90 T13 P10 63 44 35 J8 [3] I; PU I/O P1[28] — Genera

I/O USB_SCL1 — U
transceiver).

I PWM1_CAP0 —

O T0_MAT0 — Mat

O MC_2A — Motor

I/O SSP0_SSEL — S

O LCD_VD[14] — L

O LCD_VD[22] — L
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l purpose digital input/output pin.

ata mask 3 used with SDRAM and static 

2 clock input/output (this pin does not 
 I2C pad).

ch output for Timer 3, channel 3.

a 32-bit I/O port with individual direction 
bit. The operation of port 3 pins depends 
tion selected via the pin connect block.

 purpose digital input/output pin.

ternal memory data line 0.

 purpose digital input/output pin.

ternal memory data line 1.

 purpose digital input/output pin.

ternal memory data line 2.

 purpose digital input/output pin.

ternal memory data line 3.

 purpose digital input/output pin.

ternal memory data line 4.

 purpose digital input/output pin.

ternal memory data line 5.

 purpose digital input/output pin.

ternal memory data line 6.

 purpose digital input/output pin.

ternal memory data line 7.

 purpose digital input/output pin.

ternal memory data line 8.

Table 3. Pin description …continued
Not all functions are available on all parts. See Table 2 (Ethernet, USB, LCD, QEI, SD/MMC, comparator pins) and Table 5 (EMC pins).
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P2[31] 39 N2 - - - - - [3] I; PU I/O P2[31] — Genera

O EMC_DQM3 — D
devices.

I/O I2C2_SCL — I2C
use a specialized

O T3_MAT3 — Mat

P3[0] to P3[31] I/O Port 3: Port 3 is 
controls for each 
upon the pin func

P3[0] 197 B4 D6 137 - - - [3] I; PU I/O P3[0] — General

I/O EMC_D[0] — Ex

P3[1] 201 B3 E6 140 - - - [3] I; PU I/O P3[1] — General

I/O EMC_D[1] — Ex

P3[2] 207 B1 A2 144 - - - [3] I; PU I/O P3[2] — General

I/O EMC_D[2] — Ex

P3[3] 3 E4 G5 2 - - - [3] I; PU I/O P3[3] — General

I/O EMC_D[3] — Ex

P3[4] 13 F2 D3 9 - - - [3] I; PU I/O P3[4] — General

I/O EMC_D[4] — Ex

P3[5] 17 G1 E3 12 - - - [3] I; PU I/O P3[5] — General

I/O EMC_D[5] — Ex

P3[6] 23 J1 F4 16 - - - [3] I; PU I/O P3[6] — General

I/O EMC_D[6] — Ex

P3[7] 27 L1 G3 19 - - - [3] I; PU I/O P3[7] — General

I/O EMC_D[7] — Ex

P3[8] 191 D8 A6 - - - - [3] I; PU I/O P3[8] — General

I/O EMC_D[8] — Ex
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NXP Semiconductors LPC408x/7x
32-bit ARM Cortex-M4 microcontroller
7.11.1 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 
SDRAMs.

• Dynamic memory self-refresh mode controlled by software.

• Controller supports 2048 (A0 to A10), 4096 (A0 to A11), 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.

7.12 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 UARTs, 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. 

7.12.1 Features

• Eight DMA channels. Each channel can support an unidirectional transfer.

• 16 DMA request lines.
LPC408X_7X All information provided in this document is subject to legal disclaimers. © NXP Semiconductors N.V. 2017. All rights reserved.
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NXP Semiconductors LPC408x/7x
32-bit ARM Cortex-M4 microcontroller
7.14 LCD controller

Remark: The LCD controller is available on parts LPC4088.

The LCD controller provides all of the necessary control signals to interface directly to a 
variety of color and monochrome LCD panels. Both STN (single and dual panel) and TFT 
panels can be operated. The display resolution is selectable and can be up to 1024  768 
pixels. Several color modes are provided, up to a 24-bit true-color non-palettized mode. 
An on-chip 512-byte color palette allows reducing bus utilization (i.e. memory size of the 
displayed data) while still supporting a large number of colors.

The LCD interface includes its own DMA controller to allow it to operate independently of 
the CPU and other system functions. A built-in FIFO acts as a buffer for display data, 
providing flexibility for system timing. Hardware cursor support can further reduce the 
amount of CPU time needed to operate the display.

7.14.1 Features

• AHB master interface to access frame buffer.

• Setup and control via a separate AHB slave interface.

• Dual 16-deep programmable 64-bit wide FIFOs for buffering incoming display data.

• Supports single and dual-panel monochrome Super Twisted Nematic (STN) displays 
with 4-bit or 8-bit interfaces.

• Supports single and dual-panel color STN displays.

• Supports Thin Film Transistor (TFT) color displays.

• Programmable display resolution including, but not limited to: 320  200, 320  240, 
640  200, 640  240, 640  480, 800  600, and 1024  768.

• Hardware cursor support for single-panel displays.

• 15 gray-level monochrome, 3375 color STN, and 32 K color palettized TFT support.

• 1, 2, or 4 bits-per-pixel (bpp) palettized displays for monochrome STN.

• 1, 2, 4, or 8 bpp palettized color displays for color STN and TFT.

• 16 bpp true-color non-palettized, for color STN and TFT.

• 24 bpp true-color non-palettized, for color TFT.

• Programmable timing for different display panels.

• 256 entry, 16-bit palette RAM, arranged as a 128  32-bit RAM.

• Frame, line, and pixel clock signals.

• AC bias signal for STN, data enable signal for TFT panels.

• Supports little and big-endian, and Windows CE data formats.

• LCD panel clock may be generated from the peripheral clock, or from a clock input 
pin.

7.15 Ethernet

Remark: The Ethernet block is available on parts LPC4088/78/76.

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 
LPC408X_7X All information provided in this document is subject to legal disclaimers. © NXP Semiconductors N.V. 2017. All rights reserved.
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NXP Semiconductors LPC408x/7x
32-bit ARM Cortex-M4 microcontroller
7.16 USB interface

Remark: The USB Device/Host/OTG controller is available on parts LPC4088/78/76. The 
USB Device-only controller is available on part LPC4074/72.

The Universal Serial Bus (USB) is a 4-wire bus that supports communication between a 
host and one or more (up to 127) peripherals. The host controller allocates the USB 
bandwidth to attached devices through a token-based protocol. The bus supports hot 
plugging and dynamic configuration of the devices. All transactions are initiated by the 
host controller.

See Section 13.1 for details on typical USB interfacing solutions.

7.16.1 USB device controller

The device controller enables 12 Mbit/s data exchange with a USB host controller. It 
consists of a register interface, serial interface engine, endpoint buffer memory, and a 
DMA controller. The serial interface engine decodes the USB data stream and writes data 
to the appropriate endpoint buffer. The status of a completed USB transfer or error 
condition is indicated via status registers. An interrupt is also generated if enabled. When 
enabled, the DMA controller transfers data between the endpoint buffer and the USB 
RAM.

7.16.1.1 Features

• Fully compliant with USB 2.0 Specification (full speed).

• Supports 32 physical (16 logical) endpoints with a 4 kB endpoint buffer RAM.

• Supports Control, Bulk, Interrupt and Isochronous endpoints.

• Scalable realization of endpoints at run time.

• Endpoint Maximum packet size selection (up to USB maximum specification) by 
software at run time.

• Supports SoftConnect and GoodLink features.

• While USB is in the Suspend mode, the LPC408x/7x can enter one of the reduced 
power modes and wake up on USB activity.

• Supports DMA transfers with all on-chip SRAM blocks on all non-control endpoints.

• Allows dynamic switching between CPU-controlled and DMA modes.

• Double buffer implementation for Bulk and Isochronous endpoints.

7.16.2 USB host controller

The host controller enables full- and low-speed data exchange with USB devices attached 
to the bus. It consists of register interface, serial interface engine and DMA controller. The 
register interface complies with the Open Host Controller Interface (OHCI) specification.

7.16.2.1 Features

• OHCI compliant.

• Two downstream ports.

• Supports per-port power switching.
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7.37.4 APB interface

The APB peripherals are split into two separate APB buses in order to distribute the bus 
bandwidth and thereby reducing stalls caused by contention between the CPU and the 
GPDMA controller.

7.37.5 AHB multilayer matrix

The LPC408x/7x use an AHB multilayer matrix. This matrix connects the instruction 
(I-code) and data (D-code) CPU buses of the ARM Cortex-M4 to the flash memory, the 
main (32 kB) static RAM, and the Boot ROM. The GPDMA can also access all of these 
memories. Additionally, the matrix connects the CPU system bus and all of the DMA 
controllers to the various peripheral functions. 

7.37.6 External interrupt inputs

The LPC408x/7x include up to 30 edge sensitive interrupt inputs combined with one level 
sensitive external interrupt input as selectable pin function. The external interrupt input 
can optionally be used to wake up the processor from Power-down mode.

7.37.7 Memory mapping control

The Cortex-M4 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-M4 address 
space. The vector table must be located on a 128 word (512 byte) boundary because the 
NVIC on the LPC408x/7x is configured for 128 total interrupts. 

7.38 Debug control

Debug and trace functions are integrated into the ARM Cortex-M4. Serial wire debug and 
trace functions are supported in addition to a standard JTAG debug and parallel trace 
functions. The ARM Cortex-M4 is configured to support up to eight breakpoints and four 
watch points.

8. Limiting values

 

CAUTION

If level three Code Read Protection (CRP3) is selected, no future factory testing can be 
performed on the device.

Table 7. Limiting values
In accordance with the Absolute Maximum Rating System (IEC 60134).[1]

Symbol Parameter Conditions Min Max Unit

VDD(3V3) supply voltage (3.3 V) external rail 0.5 +4.6 V

VDD(REG)(3V3) regulator supply voltage (3.3 V) 0.5 +4.6 V

VDDA analog 3.3 V pad supply voltage 0.5 +4.6 V

Vi(VBAT) input voltage on pin VBAT for the RTC 0.5 +4.6 V
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[1] The following applies to the limiting values:

a) This product includes circuitry specifically designed for the protection of its internal devices from the damaging effects of excessive 
static charge. Nonetheless, it is suggested that conventional precautions be taken to avoid applying greater than the rated 
maximum.

b) Parameters are valid over operating temperature range unless otherwise specified. All voltages are with respect to VSS unless 
otherwise noted.

[2] Including voltage on outputs in 3-state mode.

[3] Not to exceed 4.6 V.

[4] The maximum non-operating storage temperature is different than the temperature for required shelf life which should be determined

based on the required shelf lifetime. Please refer to the JEDEC spec for further details.

[5] Human body model: equivalent to discharging a 100 pF capacitor through a 1.5 k series resistor.

9. Thermal characteristics

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

(1)

• Tamb = ambient temperature (C),

• Rth(j-a) = the package junction-to-ambient thermal resistance (C/W)

• PD = sum of internal and I/O power dissipation

Vi(VREFP) input voltage on pin VREFP 0.5 +4.6 V

VIA analog input voltage on ADC related 
pins

0.5 +5.1 V

VI input voltage 5 V tolerant digital 
I/O pins; 

VDD(3V3)  2.4V

[2] 0.5 +5.5 V

VDD(3V3)  0 V 0.5 +3.6 V

other I/O pins [2][3] 0.5 VDD(3V3) + 
0.5

V

IDD supply current per supply pin - 100 mA

ISS ground current per ground pin - 100 mA

Ilatch I/O latch-up current (0.5VDD(3V3)) < VI 
< (1.5VDD(3V3));

Tj < 125 C

- 100 mA

Tstg storage temperature non-operating [4] 65 +150 C

Ptot(pack) total power dissipation (per package) based on package 
heat transfer, not 
device power 
consumption

- 1.5 W

VESD electrostatic discharge voltage human body 
model; all pins

[5] - 4000 V

Table 7. Limiting values …continued
In accordance with the Absolute Maximum Rating System (IEC 60134).[1]

Symbol Parameter Conditions Min Max Unit

Tj Tamb PD Rth j a–  +=
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10.1 Power consumption
 

 

Conditions: BOD disabled.

Fig 12. Deep-sleep mode: Typical regulator supply current IDD(REG)(3V3) versus 
temperature

Conditions: BOD disabled.

Fig 13. Power-down mode: Typical regulator supply current IDD(REG)(3V3) versus 
temperature
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10.3 Electrical pin characteristics
 

 

Conditions: VDD(REG)(3V3) = VDD(3V3) = 3.3 V; standard port pins.

Fig 15. Typical HIGH-level output voltage VOH versus HIGH-level output source current 
IOH

Conditions: VDD(REG)(3V3) = VDD(3V3) = 3.3 V; standard port pins.

Fig 16. Typical LOW-level output current IOL versus LOW-level output voltage VOL
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11.10 SD/MMC

Remark: The SD/MMC card interface is available on parts LPC4088/78/76.

 

 

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.

Fig 29. LCD timing 
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th(Q)

LCD_VD[n]

Table 26. Dynamic characteristics: SD/MMC
CL = 10 pF, Tamb = 40 C to 85 C, VDD(3V3) = 3.0 V to 3.6 V. Values guaranteed by design.

Symbol Parameter Conditions Min Max Unit

fclk clock frequency on pin SD_CLK; data transfer mode - 25 MHz

on pin SD_CLK; identification mode 25 MHz

tsu(D) data input set-up time on pins SD_CMD, SD_DAT[3:0] as 
inputs

6 - ns

th(D) data input hold time on pins SD_CMD, SD_DAT[3:0] as 
inputs

6 - ns

td(QV) data output valid 
delay time

on pins SD_CMD, SD_DAT[3:0] as 
outputs

- 23 ns

th(Q) data output hold time on pins SD_CMD, SD_DAT[3:0] as 
outputs

3.5 - ns

Fig 30. SD/MMC timing 
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(1) Example of an actual transfer curve.

(2) The ideal transfer curve.

(3) Differential linearity error (ED).

(4) Integral non-linearity (EL(adj)).

(5) Center of a step of the actual transfer curve.

Fig 32. 12-bit ADC characteristics 
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[1] Measured on typical silicon samples with a 2 kHz input signal and overdrive < 100 V. Power switched off 
to all analog peripherals except the comparator.

13. Application information

13.1 Suggested USB interface solutions

Remark: The USB controller is available as a device/Host/OTG controller on parts 
LPC4088 and LPC4078/76 and as device-only controller on parts LPC4074/72.

Table 33. Comparator voltage ladder reference static characteristics 
VDDA = 3.3 V; Tamb = -40 C to + 85C.

Symbol Parameter Conditions Min Typ Max[1] Unit

EV(O) output voltage error Internal VDDA supply

decimal code = 00 0 0 0 %

decimal code = 08 0.45 0.5 0.55 %

decimal code = 16 0.99 1.1 1.21 %

decimal code = 24 1.26 1.4 1.54 %

decimal code = 30 1.35 1.5 1.65 %

decimal code = 31 1.35 1.5 1.65 %

EV(O) output voltage error External VDDCMP 
supply

decimal code = 00 0 0 0 %

decimal code = 08 0.44 0.4 0.36 %

decimal code = 16 0.18 0.2 0.22 %

decimal code = 24 0.45 0.5 0.55 %

decimal code = 30 0.54 0.6 0.66 %

decimal code = 31 0.45 0.5 0.55 %
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Fig 37. USB OTG port configuration: VP_VM mode
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In slave mode the input clock signal should be coupled by means of a capacitor of 100 pF 
(Figure 40), with an amplitude between 200 mV(RMS) and 1000 mV(RMS). This 
corresponds to a square wave signal with a signal swing of between 280 mV and 1.4 V. 
The XTALOUT pin in this configuration can be left unconnected. 

External components and models used in oscillation mode are shown in Figure 41 and in 
Table 34 and Table 35. Since the feedback resistance is integrated on chip, only a crystal 
and the capacitances CX1 and CX2 need to be connected externally in case of 
fundamental mode oscillation (the fundamental frequency is represented by L, CL and 
RS). Capacitance CP in Figure 41 represents the parallel package capacitance and should 
not be larger than 7 pF. Parameters FOSC, CL, RS and CP are supplied by the crystal 
manufacturer.

 

 

Fig 41. Oscillator modes and models: oscillation mode of operation and external crystal 
model used for CX1/CX2 evaluation

Table 34. Recommended values for CX1/CX2 in oscillation mode (crystal and external 
components parameters): low frequency mode 

Fundamental oscillation 
frequency FOSC

Crystal load 
capacitance CL

Maximum crystal 
series resistance RS

External load 
capacitors CX1/CX2

1 MHz to 5 MHz 10 pF < 300  18 pF, 18 pF

20 pF < 300  39 pF, 39 pF

30 pF < 300  57 pF, 57 pF

5 MHz to 10 MHz 10 pF < 300  18 pF, 18 pF

20 pF < 200  39 pF, 39 pF

30 pF < 100  57 pF, 57 pF

10 MHz to 15 MHz 10 pF < 160  18 pF, 18 pF

20 pF < 60  39 pF, 39 pF

15 MHz to 20 MHz 10 pF < 80  18 pF, 18 pF
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13.3 XTAL 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 Cx1, Cx2, and Cx3 in case of 
third overtone crystal usage have a common ground plane. The external components 
must also be connected to the ground plane. Loops must be made as small as possible in 
order to keep the noise coupled in via the PCB as small as possible. Also parasitics 
should stay as small as possible. Smaller values of Cx1 and Cx2 should be chosen 
according to the increase in parasitics of the PCB layout. 

13.4 Standard I/O pin configuration

Figure 42 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 I/O pins is input with pull-up enabled. The weak 
MOS devices provide a drive capability equivalent to pull-up and pull-down resistors.

Table 35. Recommended values for CX1/CX2 in oscillation mode (crystal and external 
components parameters): high frequency mode 

Fundamental oscillation 
frequency FOSC

Crystal load 
capacitance CL

Maximum crystal 
series resistance RS

External load 
capacitors CX1, CX2

15 MHz to 20 MHz 10 pF < 180  18 pF, 18 pF

20 pF < 100  39 pF, 39 pF

20 MHz to 25 MHz 10 pF < 160  18 pF, 18 pF

20 pF < 80  39 pF, 39 pF
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Fig 54. Reflow soldering of the LQFP144 package
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