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What is "Embedded - Microcontrollers"?

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

Applications of "Embedded -
Microcontrollers"

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

Common Subcategories of "Embedded -
Microcontrollers"

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

Types of "Embedded - Microcontrollers"

There are various types of embedded microcontrollers,
each designed to meet specific application requirements.
General-purpose microcontrollers are versatile and used in
a wide range of applications, offering a balance of
performance, memory, and peripheral options. Special-
purpose microcontrollers are tailored for specific tasks,
such as automotive controllers, which include features like
built-in motor control peripherals and automotive-grade
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NXP Semiconductors LPC435x/3x/2x/1x
32-bit ARM Cortex-M4/M0 microcontroller
P1_1 R2 K2 58 42 [2] N; 
PU

I/O GPIO0[8] — General purpose digital input/output pin. Boot 
pin (see Table 5).

O CTOUT_7 — SCT output 7. Match output 3 of timer 1.

I/O EMC_A6 — External memory address line 6. 

I/O SGPIO8 — General purpose digital input/output pin.

- R — Function reserved.

I/O SSP0_MISO — Master In Slave Out for SSP0.

- R — Function reserved.

I/O EMC_D13 — External memory data line 13.

P1_2 R3 K1 60 43 [2] N; 
PU

I/O GPIO0[9] — General purpose digital input/output pin. Boot 
pin (see Table 5).

O CTOUT_6 — SCT output 6. Match output 2 of timer 1.

I/O EMC_A7 — External memory address line 7. 

I/O SGPIO9 — General purpose digital input/output pin.

- R — Function reserved.

I/O SSP0_MOSI — Master Out Slave in for SSP0.

- R — Function reserved.

I/O EMC_D14 — External memory data line 14.

P1_3 P5 J1 61 44 [2] N; 
PU

I/O GPIO0[10] — General purpose digital input/output pin.

O CTOUT_8 — SCT output 8. Match output 0 of timer 2.

I/O SGPIO10 — General purpose digital input/output pin.

O EMC_OE — LOW active Output Enable signal.

O USB0_IND1 — USB0 port indicator LED control 
output 1.

I/O SSP1_MISO — Master In Slave Out for SSP1.

- R — Function reserved.

O SD_RST — SD/MMC reset signal for MMC4.4 card.

P1_4 T3 J2 64 47 [2] N; 
PU

I/O GPIO0[11] — General purpose digital input/output pin.

O CTOUT_9 — SCT output 9. Match output 3 of timer 3.

I/O SGPIO11 — General purpose digital input/output pin.

O EMC_BLS0 — LOW active Byte Lane select signal 0.

O USB0_IND0 — USB0 port indicator LED control output 0.

I/O SSP1_MOSI — Master Out Slave in for SSP1.

I/O EMC_D15 — External memory data line 15.

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

Table 3. Pin description …continued
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NXP Semiconductors LPC435x/3x/2x/1x
32-bit ARM Cortex-M4/M0 microcontroller
PD_7 T6 - 72 - [2] N; 
PU

- R — Function reserved.

I CTIN_5 — SCT input 5. Capture input 2 of timer 2.

I/O EMC_D21 — External memory data line 21.

- R — Function reserved.

I/O GPIO6[21] — General purpose digital input/output pin.

- R — Function reserved.

- R — Function reserved.

I/O SGPIO11 — General purpose digital input/output pin.

PD_8 P8 - 74 - [2] N; 
PU

- R — Function reserved.

I CTIN_6 — SCT input 6. Capture input 1 of timer 3.

I/O EMC_D22 — External memory data line 22.

- R — Function reserved.

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

- R — Function reserved.

- R — Function reserved.

I/O SGPIO12 — General purpose digital input/output pin.

PD_9 T11 - 84 - [2] N; 
PU

- R — Function reserved.

O CTOUT_13 — SCT output 13. Match output 3 of timer 3.

I/O EMC_D23 — External memory data line 23.

- R — Function reserved.

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

- R — Function reserved.

- R — Function reserved.

I/O SGPIO13 — General purpose digital input/output pin.

PD_10 P11 - 86 - [2] N; 
PU

- R — Function reserved.

I CTIN_1 — SCT input 1. Capture input 1 of timer 0. Capture 
input 1 of timer 2.

O EMC_BLS3 — LOW active Byte Lane select signal 3.

- R — Function reserved.

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

- R — Function reserved.

- R — Function reserved.

- R — Function reserved.

Table 3. Pin description …continued
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32-bit ARM Cortex-M4/M0 microcontroller
PE_14 C15 - - - [2] N; 
PU

- R — Function reserved.

- R — Function reserved.

- R — Function reserved.

O EMC_DYCS3 — SDRAM chip select 3.

I/O GPIO7[14] — General purpose digital input/output pin.

- R — Function reserved.

- R — Function reserved.

- R — Function reserved.

PE_15 E13 - - - [2] N; 
PU

- R — Function reserved.

O CTOUT_0 — SCT output 0. Match output 0 of timer 0.

I/O I2C1_SCL — I2C1 clock input/output (this pin does not use a 
specialized I2C pad).

O EMC_CKEOUT3 — SDRAM clock enable 3.

I/O GPIO7[15] — General purpose digital input/output pin.

- R — Function reserved.

- R — Function reserved.

- R — Function reserved.

PF_0 D12 - 159 - [2] O; 
PU

I/O SSP0_SCK — Serial clock for SSP0.

I GP_CLKIN — General purpose clock input to the CGU.

- R — Function reserved.

- R — Function reserved.

- R — Function reserved.

- R — Function reserved.

- R — Function reserved.

O I2S1_TX_MCLK — I2S1 transmit master clock.

PF_1 E11 - - - [2] N; 
PU

- R — Function reserved.

- R — Function reserved.

I/O SSP0_SSEL — Slave Select for SSP0.

- R — Function reserved.

I/O GPIO7[16] — General purpose digital input/output pin.

- R — Function reserved.

I/O SGPIO0 — General purpose digital input/output pin.

- R — Function reserved.

Table 3. Pin description …continued
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NXP Semiconductors LPC435x/3x/2x/1x
32-bit ARM Cortex-M4/M0 microcontroller
XTAL1 D1 B1 18 12 [8] - I Input to the oscillator circuit and internal clock generator 
circuits.

XTAL2 E1 C1 19 13 [8] - O Output from the oscillator amplifier.

Power and ground pins

USB0_VDDA
3V3_DRIVER

F3 D1 24 16 - - Separate analog 3.3 V power supply for driver.

USB0
_VDDA3V3

G3 D2 25 17 - - USB 3.3 V separate power supply voltage.

USB0_VSSA
_TERM

H3 D3 27 19 - - Dedicated analog ground for clean reference for termination 
resistors.

USB0_VSSA
_REF

G1 F2 31 23 - - Dedicated clean analog ground for generation of reference 
currents and voltages.

VDDA B4 B2 198 137 - - Analog power supply and ADC reference voltage. 

VBAT B10 C5 184 127 - - RTC power supply: 3.3 V on this pin supplies power to the 
RTC.

VDDREG F10, 
F9, 
L8, 
L7

E4, 
E5, 
F4

135, 
188, 
195, 
82, 
33

94, 
131, 
59, 
25

- Main regulator power supply. Tie the VDDREG and VDDIO 
pins to a common power supply to ensure the same ramp-up 
time for both supply voltages.

VPP E8 - - - [12] - - OTP programming voltage.

VDDIO D7, 
E12, 
F7, 
F8, 
G10, 
H10, 
J6, 
J7, 
K7, 
L9, 
L10, 
N7, 
N13

F10, 
K5

6, 
52, 
57, 
102, 
110, 
155, 
160, 
202

5, 
36, 
41, 
71, 
77, 
107, 
111, 
141

[12] - - I/O power supply. Tie the VDDREG and VDDIO pins to a 
common power supply to ensure the same ramp-up time for 
both supply voltages.

Table 3. Pin description …continued
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NXP Semiconductors LPC435x/3x/2x/1x
32-bit ARM Cortex-M4/M0 microcontroller
In the two-counter case, the following operational elements are global to the 
SCTimer/PWM, but the last three can use match conditions from either counter:

• Clock selection

• Inputs

• Events

• Outputs

• Interrupts

7.17.1.1 Features

• Two 16-bit counters or one 32-bit counter.

• Counters clocked by bus clock or selected input.

• Up counters or up-down counters.

• State variable allows sequencing across multiple counter cycles.

• The following conditions define an event: a counter match condition, an input (or 
output) condition, a combination of a match and/or and input/output condition in a 
specified state.

• Events control outputs, interrupts, and DMA requests.

– Match register 0 can be used as an automatic limit.

– In bi-directional mode, events can be enabled based on the count direction.

– Match events can be held until another qualifying event occurs.

• Selected events can limit, halt, start, or stop a counter.

• Supports:

– 8 inputs

– 16 outputs

– 16 match/capture registers

– 16 events

– 32 states

– Match register 0 to 5 support a fractional component for the dither engine

7.17.2 Serial GPIO (SGPIO)

The Serial GPIOs offer standard GPIO functionality enhanced with features to accelerate 
serial stream processing. 

7.17.2.1 Features

• Each SGPIO input/output slice can be used to perform a serial to parallel or parallel to 
serial data conversion.

• 16 SGPIO input/output slices each with a 32-bit FIFO that can shift the input value 
from a pin or an output value to a pin with every cycle of a shift clock.

• Each slice is double-buffered. 

• Interrupt is generated on a full FIFO, shift clock, or pattern match.

• Slices can be concatenated to increase buffer size.
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32-bit ARM Cortex-M4/M0 microcontroller
• Supports both full-duplex and half-duplex operation

– Supports CSMA/CD Protocol for half-duplex operation.

– Supports IEEE 802.3x flow control for full-duplex operation.

– Optional forwarding of received pause control frames to the user application in 
full-duplex operation.

– Back-pressure support for half-duplex operation.

– Automatic transmission of zero-quanta pause frame on deassertion of flow control 
input in full-duplex operation.

• Supports IEEE1588 time stamping and IEEE 1588 advanced time stamping (IEEE 
1588-2008 v2). 

7.19 Digital serial peripherals

7.19.1 UART1

Remark: The LPC435x/3x/2x/1x contain one UART with standard transmit and receive 
data lines.

 UART1 also provides a full modem control handshake interface and support for 
RS-485/9-bit mode allowing both software address detection and automatic address 
detection using 9-bit mode.

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

7.19.1.1 Features

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

• 16 B Receive and Transmit FIFOs.

• Register locations conform to 16C550 industry standard.

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

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

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

• Equipped with standard modem interface signals. This module also provides full 
support for hardware flow control. 

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

• DMA support.

7.19.2 USART0/2/3

Remark: The LPC435x/3x/2x/1x contain three USARTs. In addition to standard transmit 
and receive data lines, the USARTs support a synchronous mode.

The USARTs include a fractional baud rate generator. Standard baud rates such as 
115200 Bd can be achieved with any crystal frequency above 2 MHz.
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The timer/counter is designed to count cycles of the system derived clock or an 
externally-supplied clock. It can optionally generate interrupts, generate timed DMA 
requests, or perform other actions at specified timer values, based on four match 
registers. Each timer/counter also includes two capture inputs to trap the timer value when 
an input signal transitions, optionally generating an interrupt.

7.20.1.1 Features

• A 32-bit timer/counter with a programmable 32-bit prescaler.

• Counter or timer operation.

• Two 32-bit capture channels per timer, that can take a snapshot of the timer value 
when an input signal transitions. A capture event can also generate an interrupt.

• Four 32-bit match registers that 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.

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

– Set LOW on match.

– Set HIGH on match.

– Toggle on match.

– Do nothing on match.

• Up to two match registers can be used to generate timed DMA requests.

7.20.2 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 causes the PWM to release all 
motor drive outputs immediately . At the same time, the motor control PWM is highly 
configurable for other generalized timing, counting, capture, and compare applications.

7.20.3 Quadrature Encoder Interface (QEI)

A quadrature encoder, also known as a 2-channel incremental encoder, converts angular 
displacement into two pulse signals. By monitoring both the number of pulses and the 
relative phase of the two signals, the user code can track the position, direction of rotation, 
and velocity. In addition, a third channel, or index signal, can be used to reset the position 
counter. The quadrature encoder interface decodes the digital pulses from a quadrature 
encoder wheel to integrate position over time and determine direction of rotation. In 
addition, the QEI can capture the velocity of the encoder wheel.

7.20.3.1 Features

• Tracks encoder position.

• Increments/decrements depending on direction.

• Programmable for 2 or 4 position counting.

• Velocity capture using built-in timer.

• Velocity compare function with “less than” interrupt.
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8. Limiting values

 

[1] The following applies to the limiting values:

a) Absolute maximum ratings state the extreme limits that the product can withstand without leading to irrecoverable failure. Failure 
includes the loss of reliability and shorter lifetime of the device. Conditions for functional operation of the part are shown in Table 11 
“Static characteristics”.

b) This product includes circuitry 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.

c) 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] Dependent on package type.

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

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

Symbol Parameter Conditions Min Max Unit

VDD(REG)(3V3) regulator supply voltage 
(3.3 V)

on pin VDDREG 0.5 3.6 V

VDD(IO) input/output supply 
voltage

on pin VDDIO 0.5 3.6 V

VDDA(3V3) analog supply voltage 
(3.3 V)

on pin VDDA 0.5 3.6 V

VBAT battery supply voltage on pin VBAT 0.5 3.6 V

Vprog(pf) polyfuse programming 
voltage

on pin VPP 0.5 3.6 V

VI input voltage when VDD(IO)  2.4 V

5 V tolerant digital I/O pins

[2] 0.5 5.5 V

ADC/DAC pins and digital I/O 
pins configured for an analog 
function 

0.5 VDDA(3V3) V

USB0 pins USB0_DP; 
USB0_DM;USB0_VBUS 

0.3 5.25 V

USB0 pins USB0_ID; 
USB0_RREF 

0.3 3.6 V

USB1 pins USB1_DP and 
USB1_DM

0.3 5.25 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(IO)) < VI < (1.5VDD(IO));

Tj < 125 C

- 100 mA

Tstg storage temperature [3] 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 [4] - 2000 V
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IBAT battery supply current VDD(REG)(3V3) = 3.3 V; 
VBAT = 3.6 V

deep-sleep mode

[8]

- 1.5 - A

power-down mode [8] - 1.5 - A

deep power-down 
mode

[8]

- 1.5 - A

IBAT battery supply current Deep power-down mode; 
RTC running; 
VDD(REG) = VDDA = 
VDDIO = 0 V; 
VBAT = 3.3 V - 3.0 - A

VDD(REG)(3V3) = 
VBAT = 3.3 V

-
1.5 - A

IDD(IO) I/O supply current deep sleep mode - < 0.1 - A

power-down mode - < 0.1 - A

deep power-down mode - < 0.1 - A

IDDA Analog supply current on pin VDDA;

deep sleep mode

[10] - 0.4 -

A

power-down mode [10] - 0.4 - A

deep power-down 
mode

[10] - 0.007 -
A

RESET pin

VIH HIGH-level input 
voltage

[9] 0.8  (Vps  
0.35)

- 5.5 V

VIL LOW-level input voltage [9] 0.5 - 0.3  (Vps  
0.1)

V

Vhys hysteresis voltage [9] 0.05  (Vps 
 0.35) 

- - V

Standard I/O pins - normal drive strength

CI input capacitance - - 2 pF

ILL LOW-level leakage 
current

VI = 0 V; on-chip pull-up 
resistor disabled

- 3 - nA

ILH HIGH-level leakage 
current

VI = VDD(IO); on-chip 
pull-down resistor 
disabled

- 3 - nA

VI = 5 V; Tamb = 25 °C - 0.5 - nA

VI = 5 V; Tamb = 105 °C - 40 - nA

IOZ OFF-state output 
current

VO = 0 V to VDD(IO); 
on-chip pull-up/down 
resistors disabled; 
absolute value

- 3 - nA

VI input voltage pin configured to provide 
a digital function;

VDD(IO)  2.4 V

0 - 5.5 V

VDD(IO) = 0 V 0 - 3.6 V

Table 11. Static characteristics …continued
Tamb = 40 C to +105 C, unless otherwise specified. 

Symbol Parameter Conditions Min Typ[1] Max Unit
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VOH HIGH-level output 
voltage

IOH = 8 mA VDD(IO)  
0.4

- - V

VOL LOW-level output 
voltage

IOL = 8 mA - - 0.4 V

IOH HIGH-level output 
current

VOH = VDD(IO)  0.4 V 8 - - mA

IOL LOW-level output 
current

VOL = 0.4 V 8 - - mA

IOHS HIGH-level short-circuit 
output current

drive HIGH; connected to 
ground

[11] - - 86 mA

IOLS LOW-level short-circuit 
output current

drive LOW; connected to 
VDD(IO)

[11] - - 76 mA

Ipd pull-down current VI = VDD(IO)
[13]

[14]

[15]

- 62 - A

Ipu pull-up current VI = 0 V [13]

[14]

[15]

- 62 - A

VDD(IO) < VI  5 V - 0 - A

Open-drain I2C0-bus pins 

VIH HIGH-level input 
voltage

0.7  
VDD(IO)

- - V

VIL LOW-level input voltage 0.5 0.14 0.3  
VDD(IO)

V

Vhys hysteresis voltage 0.1  
VDD(IO)

- - V

VOL LOW-level output 
voltage

IOLS = 3 mA - - 0.4 V

ILI input leakage current VI = VDD(IO)
[12] - 4.5 - A

VI = 5 V - - 10 A

Oscillator pins

Vi(XTAL1) input voltage on pin 
XTAL1

0.5 - 1.2 V

Vo(XTAL2) output voltage on pin 
XTAL2

0.5 - 1.2 V

Cio input/output 
capacitance

[16] - - 0.8 pF

USB0 pins[17]

VI input voltage on pins USB0_DP; 
USB0_DM; USB0_VBUS

VDD(IO)  2.4 V 0 - 5.25 V

VDD(IO) = 0 V 0 - 3.6 V

Rpd pull-down resistance on pin USB0_VBUS 48 64 80 k

Table 11. Static characteristics …continued
Tamb = 40 C to +105 C, unless otherwise specified. 

Symbol Parameter Conditions Min Typ[1] Max Unit
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[16] The parameter value specified is a simulated value excluding bond capacitance.

[17] For USB operation 3.0 V  VDD((IO)  3.6 V. Guaranteed by design.

[18] VDD(IO) present.

[19] Includes external resistors of 33   1 % on D+ and D.

10.1 Power consumption
 

 

Conditions: Tamb = 25 C; executing code while (1){} from SRAM; M0 core in reset; system PLL 
enabled; IRC enabled; all peripherals disabled; all peripheral clocks disabled. 

Fig 11. Typical supply current versus regulator supply voltage VDD(REEG)(3V3) in active 
mode

Conditions: VDD(REG)(3V3) = 3.3 V; executing code while (1){} from SRAM; M0 core in reset; system 
PLL enabled; IRC enabled; all peripherals disabled; all peripheral clocks disabled.

Fig 12. Typical supply current versus temperature in active mode
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Conditions: active mode entered executing code while (1){} from SRAM; M0 core in reset; 
VDD(REG)(3V3) = 3.3 V; system PLL enabled; IRC enabled; all peripherals disabled; all peripheral 
clocks disabled. 

Fig 13. Typical supply current versus core frequency in active mode; code executed from 
SRAM

Conditions: VDD(REG)(3V3) = 3.3 V; internal pull-up resistors disabled; M0 core in reset; system PLL 
disabled; IRC enabled; all peripherals disabled; all peripheral clocks disabled. CCLK = 12 MHz. 

Fig 14. Typical supply current versus temperature in sleep mode
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[2] Simulated using 10 cm of 50 Ω PCB trace with 5 pF receiver input. Rise and fall times measured between 
80 % and 20 % of the full output signal level.

[3] The slew rate is configured in the system control block in the SFSP registers using the EHS bit. See the 
LPC43xx user manual.

[4] CL = 20 pF. Rise and fall times measured between 90 % and 10 % of the full input signal level.

[5] The drive modes are configured in the system control block in the SFSP registers using the EHD bit. See 
the LPC43xx user manual.

11.9 I2C-bus
 

[1] Parameters are valid over operating temperature range unless otherwise specified. See the I2C-bus specification UM10204 for details.

[2] tHD;DAT is the data hold time that is measured from the falling edge of SCL; applies to data in transmission and the acknowledge.

[3] A device must internally provide a hold time of at least 300 ns for the SDA signal (with respect to the VIH(min) of the SCL signal) to 
bridge the undefined region of the falling edge of SCL.

[4] Cb = total capacitance of one bus line in pF. If mixed with Hs-mode devices, faster fall times are allowed.

[5] The maximum tf for the SDA and SCL bus lines is specified at 300 ns. The maximum fall time for the SDA output stage tf is specified at

250 ns. This allows series protection resistors to be connected in between the SDA and the SCL pins and the SDA/SCL bus lines

without exceeding the maximum specified tf.

[6] In Fast-mode Plus, fall time is specified the same for both output stage and bus timing. If series resistors are used, designers should

allow for this when considering bus timing.

[7] The maximum tHD;DAT could be 3.45 s and 0.9 s for Standard-mode and Fast-mode but must be less than the maximum of tVD;DAT or 
tVD;ACK by a transition time. This maximum must only be met if the device does not stretch the LOW period (tLOW) of the SCL signal. If 
the clock stretches the SCL, the data must be valid by the set-up time before it releases the clock.

[8] tSU;DAT is the data set-up time that is measured with respect to the rising edge of SCL; applies to data in transmission and the 
acknowledge.

Table 24. Dynamic characteristic: I2C-bus pins
Tamb = 40 C to +105 C; 2.4 V  VDD(REG)(3V3)  3.6 V.[1]

Symbol Parameter Conditions Min Max Unit

fSCL SCL clock frequency Standard-mode 0 100 kHz

Fast-mode 0 400 kHz

Fast-mode Plus 0 1 MHz

tf fall time [3][4][5][6] of both SDA and 
SCL signals

Standard-mode

- 300 ns

Fast-mode 20 + 0.1  Cb 300 ns

Fast-mode Plus - 120 ns

tLOW LOW period of the SCL clock Standard-mode 4.7 - s

Fast-mode 1.3 - s

Fast-mode Plus 0.5 - s

tHIGH HIGH period of the SCL clock Standard-mode 4.0 - s

Fast-mode 0.6 - s

Fast-mode Plus 0.26 - s

tHD;DAT data hold time [2][3][7] Standard-mode 0 - s

Fast-mode 0 - s

Fast-mode Plus 0 - s

tSU;DAT data set-up time 

 

[8][9] Standard-mode 250 - ns

Fast-mode 100 - ns

Fast-mode Plus 50 - ns
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td delay time continuous transfer mode

SPI mode; CPOL = 0; 
CPHA = 0

- 0.5  Tcy(clk) - ns

SPI mode; CPOL = 0; 
CPHA = 1

- n/a - ns

SPI mode; CPOL = 1; 
CPHA = 0

- 0.5  Tcy(clk) - ns

SPI mode; CPOL = 1; 
CPHA = 1

- n/a - ns

synchronous serial 
frame mode

- Tcy(clk) - ns

microwire frame format - n/a - ns

SSP slave

PCLK Peripheral clock 
frequency

- - 204 MHz

Tcy(clk) clock cycle time [2] 1/(11 106) - - s

tDS data set-up time in SPI mode 1.5 - - ns

tDH data hold time in SPI mode 2 - - ns

tv(Q) data output valid 
time

in SPI mode - - [4  (1/PCLK)] + 1 ns

th(Q) data output hold 
time

in SPI mode 4.5 - - ns

tlead lead time continuous transfer mode

SPI mode; CPOL = 0; 
CPHA = 0

Tcy(clk) - - ns

SPI mode; CPOL = 0; 
CPHA = 1

0.5  Tcy(clk) - - ns

SPI mode; CPOL = 1; 
CPHA = 0

Tcy(clk) - - ns

SPI mode; CPOL = 1; 
CPHA = 1

0.5  Tcy(clk) - - ns

synchronous serial 
frame mode

0.5  Tcy(clk) - - ns

microwire frame format Tcy(clk) - - ns

Table 27. Dynamic characteristics: SSP pins in SPI mode
Tamb = 40 C to +105 C; 2.4 V  VDD(REG)(3V3)   3.6 V; 2.7 V  VDD(IO)   3.6 V; CL = 20 pF; sampled at 10 % and 90 % of 
the signal level; EHS = 1 for all pins. Simulated values.

Symbol Parameter Conditions Min Typ Max Unit
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11.15 SPIFI
 

 

11.16 SGPIO timing

The following considerations apply to SGPIO timing:

• SGPIO input signals are synchronized by the internal clock SGPIO_CLOCK. To 
guarantee that no samples are missed, all input signals should have a duration of at 
least one SGPIO_CLOCK cycle plus the set-up and hold times.

• When an external clock input is used to generate output data, synchronization causes 
a latency of at least one SGPIO_CLOCK cycle. The maximum output data rate is one 
output every two SGPIO_CLOCK cycles.

• Synchronization also causes a latency of one SGPIO_CLOCK cycle when sampling 
several inputs. This may cause inputs with very similar timings to be sampled with a 
difference of one SGPIO_CLOCK cycle. 

Table 29. Dynamic characteristics: SPIFI
Tamb = 40 C to 105 C; 2.4 V  VDD(REG)(3V3)   3.6 V; 2.7 V  VDD(IO)   3.6 V. CL = 20 pF. Sampled 
at 90 % and 10 % of the signal level. EHS = 1 for all pins. Simulated values.

Symbol Parameter Min Max Unit

Tcy(clk) clock cycle time 9.6 - ns

tDS data set-up time 3.2 - ns

tDH data hold time 0 - ns

tv(Q) data output valid time - 3.2 ns

th(Q) data output hold time 0.6 - ns

Fig 33. SPIFI timing (Mode 0)
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For the programmable EMC_CLK[3:0] clock delays CLKn_DELAY, see Table 31.

Remark: For SDRAM operation, set CLK0_DELAY = CLK1_DELAY = CLK2_DELAY = CLK3_DELAY in the EMCDELAYCLK 
register.

Fig 37. SDRAM timing
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EMC_A[22:0],
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th(Q) - td

th(D)tsu(D)
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EMC_D[31:0]
write

EMC_D[31:0]
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EMC_D[31:0]
read; delay > 0

th(x) - tdtd(xV) - td

td(QV) - td

td(QV) 

th(x)td(xV) 

EMC_CLKn delay td;  programmable CLKn_DELAY
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11.20 SD/MMC
 

 

11.21 LCD
 

Table 37. Dynamic characteristics: SD/MMC
Tamb = 40 C to +105 C, 2.4 V  VDD(REG)(3V3)   3.6 V; 2.7 V  VDD(IO)   3.6 V, CL = 20 pF. SAMPLE_DELAY = 0x9, 
DRV_DELAY = 0x6 in the SDDELAY register, sampled at 90 % and 10 % of the signal level, EHS = 1 for SD_CLK pin, EHS = 
0 for SD_DATn and SD_CMD pins. Simulated values.

Symbol Parameter Conditions Min Max Unit

fclk clock frequency on pin SD_CLK; data transfer mode - 52 MHz

tsu(D) data input set-up time on pins SD_DATn as inputs 5.2 - ns

on pins SD_CMD as inputs 7 - ns

th(D) data input hold time on pins SD_DATn as inputs 0.2 - ns

on pins SD_CMD as inputs 1 ns

td(QV) data output valid delay 
time

on pins SD_DATn as outputs - 15.7 ns

on pins SD_CMD as outputs - 15.9 ns

th(Q) data output hold time on pins SD_DATn as outputs 3.5 - ns

on pins SD_CMD as outputs 3.5 - ns

Fig 40. SD/MMC timing 
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Table 38. Dynamic characteristics: LCD
Tamb = 40 C to 105 C; 2.4 V  VDD(REG)(3V3)   3.6 V; 2.7 V  VDD(IO)   3.6 V; CL = 20 pF. 
Simulated values.

Symbol Parameter Conditions Min Typ Max Unit

fclk clock frequency on pin LCD_DCLK - 50 - MHz

td(QV) data output valid 
delay time

- - 17 ns

th(Q) data output hold time 8.5 - - ns
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Fig 52. Package outline of the LQFP208 package 
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Fig 58. Reflow soldering of the TFBGA100 package
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