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"Embedded - Microcontrollers" refer to small, integrated
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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"

Active

ARM® Cortex®-M3

32-Bit Single-Core

180MHz

CANbus, EBI/EMI, Ethernet, I2C, IrDA, Microwire, QEI, SD, SPI, SSI, SSP, UART/USART, USB, USB OTG
Brown-out Detect/Reset, DMA, I2S, POR, PWM, WDT

118

ROMless

200K x 8

2.2V ~ 3.6V

A/D 8x10b; D/A 1x10b
Internal
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Surface Mount
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180-TFBGA (12x12)
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NXP Semiconductors

Table 3.  Pin description ...continued

LPC1850/30/20/10

32-bit ARM Cortex-M3 microcontroller

LCD, Ethernet, USBO, and USB1 functions are not available on all parts. See Table 2.

Symbol

TFBGA100

Description

-~ |Reset state

pepyE]

Q LBGA256
@ TFBGA180
C

~ LQFP144
(@

z

o Type

P4_3

>CTOUT_3 — SCTimer/PWM output 3. Match output 3 of

GPI02[3] — General purpose digital input/output pin.

timer 0.

R — Function reserved.

LCD_VD2 — LCD data.

LCD_VD21 — LCD data.

R — Function reserved.

/10

R — Function reserved.

U3 _BAUD — Baud pin for USARTS3.

Al

ADCO_0 — ADCO and ADC1, input channel shared with DAC
output. Configure the pin as GPIO input and use the ADC
function select register in the SCU to select the ADC.

P4_4 Bl Al - 9 Bl IN; PU 11O

>CTOUT_2 — SCTimer/PWM output 2. Match output 2 of

GPI102[4] — General purpose digital input/output pin.

timer 0.

R — Function reserved.

LCD_VD1 — LCD data.

LCD_VD20 — LCD data.

R — Function reserved.

/10

R — Function reserved.

U3_DIR — RS-485/EIA-485 output enable/direction control for
USARTS3.

AO

DAC — DAC output. Shared between 10-bit ADCO0/1 and
DAC. Configure the pin as GPIO input and use the analog
function select register in the SCU to select the DAC.

P4_5 D2 cz2 - 10 & IN;PU /O

GPIO2[5] — General purpose digital input/output pin.

CTOUT_5 — SCTimer/PWM output 5. Match output 3 of
timer 3.

LCD_FP — Frame pulse (STN). Vertical synchronization pulse
(TFT).

R — Function reserved.

R — Function reserved.

R — Function reserved.

R — Function reserved.

R — Function reserved.
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Table 3. Pin description ...continued

LPC1850/30/20/10

32-bit ARM Cortex-M3 microcontroller

LCD, Ethernet, USBO, and USB1 functions are not available on all parts. See Table 2.

Symbol

TFBGA100
LQFP144

Description

-~ |Reset state

pepyE]

X LBGA256
S [ TFBGA180
C

[~
z
o Type

P8_7

@]

GPI0O4[7] — General purpose digital input/output pin.

USB1_ULPI_STP — ULPI link STP signal. Asserted to end or
interrupt transfers to the PHY.

LCD_VD4 — LCD data.

R — Function reserved.

O O

R — Function reserved.

LCD_PWR — LCD panel power enable.

vTO_CAP3 — Capture input 3 of timer 0.

R — Function reserved.

P8_8 L1 K1 |- - 2 IN;PU -

vUSBl_ULPI_CLK — ULPI link CLK signal. 60 MHz clock

R — Function reserved.

generated by the PHY.

R — Function reserved.

R — Function reserved.

R — Function reserved.

R — Function reserved.

vI2$1_TX_MCLK — 1281 transmit master clock.

CGU_OUTO0 — CGU spare clock output 0.

PO_0 T1 P1 |- - @ IN;PU /O

VMCABORT — Motor control PWM, LOW-active fast abort.

GP104[12] — General purpose digital input/output pin.

R — Function reserved.

R — Function reserved.

vENET_CRS — Ethernet Carrier Sense (Mll interface).

R — Function reserved.

110

'SSPO_SSEL — Slave Select for SSPO.

R — Function reserved.

PO 1 N6 P4 |- - @ IN;PU /O

'MCOA2 — Motor control PWM channel 2, output A.

GPI104[13] — General purpose digital input/output pin.

R — Function reserved.

R — Function reserved.

12S0_TX_WS — Transmit Word Select. It is driven by the
master and received by the slave. Corresponds to the signal
WS in the 12S-bus specification.

R — Function reserved.

ENET_RX_ER — Ethernet receive error (Mll interface).

/0

SSP0O_MISO — Master In Slave Out for SSPO.
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Table 3.  Pin description ...continued

LPC1850/30/20/10

32-bit ARM Cortex-M3 microcontroller

LCD, Ethernet, USBO, and USB1 functions are not available on all parts. See Table 2.

Symbol

TFBGA180
TFBGA100
LQFP144

Type

Description

-~ 'Reset state

pepyE]

Z LBGA256
C

S
z

PD_0

>CTOUT_15 — SCTimer/PWM output 15. Match output 3 of

R — Function reserved.

timer 3.

R — Function reserved.

EMC_DQMOUT2 — Data mask 2 used with SDRAM and
static devices.

GPI0O6[14] — General purpose digital input/output pin.

R — Function reserved.

R — Function reserved.

R — Function reserved.

PD_1 P1 - - -

R — Function reserved.

R — Function reserved.

R — Function reserved.

EMC_CKEOUT2 — SDRAM clock enable 2.

vSD_POW — SD/MMC power monitor output.

GPIO6[15] — General purpose digital input/output pin.

R — Function reserved.

R — Function reserved.

PD 2 RL - - - @

/0

vCTOUT_7 — SCTimer/PWM output 7. Match output 3 of

iEMC_D16 — External memory data line 16.

R — Function reserved.

timer 1.

/0

iGPI06[16] — General purpose digital input/output pin.

R — Function reserved.

R — Function reserved.

R — Function reserved.

PD_3

R — Function reserved.

R — Function reserved.

I/0

>EMC_D17 — External memory data line 17.

CTOUT_6 — SCTimer/PWM output 7. Match output 2 of
timer 1.

1/0

FGPIO6[17] — General purpose digital input/output pin.

R — Function reserved.

R — Function reserved.

R — Function reserved.

LPC1850_30_20_10
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Table 3.  Pin description ...continued
LCD, Ethernet, USBO, and USB1 functions are not available on all parts. See Table 2.

LPC1850/30/20/10

32-bit ARM Cortex-M3 microcontroller

Symbol © = = < % Description
& g 2 3 Iz
5 2 2 & 2 |3
I L = 1 cg &
PE_7 F15 - - - 21 'N;PU |- R — Function reserved.
@) >CTOUT_5 — SCTimer/PWM output 5. Match output 3 of
timer 3.
| Ul CTS — Clear to Send input for UART1.
1/0 VEMC_D26 — External memory data line 26.
1/10 |GPIO7[7] — General purpose digital input/output pin.
- R— Function reserved.
- R — Function reserved.
- R— Function reserved.
PE_8 F14 - - - [ 'N;PU |- R — Function reserved.
(0] vCTOUT_4 — SCTimer/PWM output 4. Match output 3 of
timer 3.
| Ul DSR — Data Set Ready input for UARTL.
/0 YEMC_D27 — External memory data line 27.
110 |GPIO7[8] — General purpose digital input/output pin.
- R— Function reserved.
- R — Function reserved.
- R— Function reserved.
PE_9 El6 - - - [ N;PU |- R — Function reserved.
| VCTIN_4 — SCTimer/PWM input 4. Capture input 2 of timer 1.
| Ul DCD — Data Carrier Detect input for UARTL.
1/0 VEMC_D28 — External memory data line 28.
1/10 | GPIO7[9] — General purpose digital input/output pin.
- R— Function reserved.
- R — Function reserved.
- R— Function reserved.
PE_10 E14 - - - [ N;PU |- R — Function reserved.
| vCTIN_3 — SCTimer/PWM input 3. Capture input 1 of timer 1.
O |U1_DTR — Data Terminal Ready output for UART1. Can also
be configured to be an RS-485/EIA-485 output enable signal
for UARTL1.
/0 |[EMC_D29 — External memory data line 29.
1/0 FGPIO7[1O] — General purpose digital input/output pin.
- R — Function reserved.
- R— Function reserved.
- R — Function reserved.
LPC1850_30_20_10 All information provided in this document is subject to legal disclaimers. © NXP Semiconductors N.V. 2016. All rights reserved.
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LPC1850/30/20/10

32-bit ARM Cortex-M3 microcontroller

Table 3.  Pin description ...continued
LCD, Ethernet, USBO, and USB1 functions are not available on all parts. See Table 2.
Symbol © = = < % Description
& g 2 3 [z
5 & B & % 2
I L = 1 cg &
PE_15 E13 - - - 21 'N;PU |- R — Function reserved.
'O CTOUT_0 — SCTimer/PWM output 0. Match output 0 of
timer 0.
I/0 12C1_SCL — I2C1 clock input/output (this pin does not use a
specialized 12C pad).
'O EMC_CKEOUT3 — SDRAM clock enable 3.
1/0 |GPIO7[15] — General purpose digital input/output pin.
- R — Function reserved.
- R — Function reserved.
- R— Function reserved.
PF 0O D12 - - - @ oL /0 SSPO_SCK — Serial clock for SSPO.
PU 'GP_CLKIN — General-purpose clock input to the CGU.
- R — Function reserved.
- R— Function reserved.
- R — Function reserved.
- R— Function reserved.
- R — Function reserved.
0 vI2$1_TX_MCLK — 1281 transmit master clock.
PF_1 E11 - - - [ N;PU |- R — Function reserved.
- R— Function reserved.
/0 |SSPO_SSEL — Slave Select for SSPO.
- R— Function reserved.
1/0 | GPIO7[16] — General purpose digital input/output pin.
- R— Function reserved.
- R — Function reserved.
- R— Function reserved.
PF_2 D11 - - - [ N;PU |- R — Function reserved.
0 vU3_TXD — Transmitter output for USART3.
/0 |SSPO_MISO — Master In Slave Out for SSPO.
- R— Function reserved.
1/0 |GPIO7[17] — General purpose digital input/output pin.
- R — Function reserved.
- R — Function reserved.
- R— Function reserved.
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32-bit ARM Cortex-M3 microcontroller

Table 3. Pin description ...continued
LCD, Ethernet, USBO, and USB1 functions are not available on all parts. See Table 2.

Symbol o o o Description
© (ee] o < ©
0 - = J s
N < < - %
< (O] g a o) @
2 & 2 & 2 2
3 = [ 3 &
Debug pins
DBGEN L4 K4 A6 28 & [I;PU I JTAG interface control signal. Also used for boundary scan. To
use the part in functional mode, connect this pin in one of the
following ways:
® Leave DBGEN open. The DBGEN pin is pulled up
internally by a 50 kQ resistor.
* Tie DBGEN to VDDIO.
* Pull DBGEN up to VDDIO with an external pull-up resistor.
TCK/SWDCLK |J5 G5 H2 27 & IF | Test Clock for JTAG interface (default) or Serial Wire (SW)
clock.
TRST M4 L4 B4 29 & [PU |I Test Reset for JTAG interface.
TMS/SWDIO K6 K5 c4 30 @ |;pPU | Test Mode Select for JTAG interface (default) or SW debug
data input/output.
TDO/SWO K5 J5 H3 31 [ o O | Test Data Out for JTAG interface (default) or SW trace output.
TDI J4 H4 G3 (26 |21 I:PU I Test Data In for JTAG interface.
USBO pins
USBO_DP F2 E2 E1 |18 6 |- 1/0 |USBO bidirectional D+ line. Do not add an external series
resistor.
USB0O_DM G2 F2 E2 20 [6 |- 1/0 USBO bidirectional D- line. Do not add an external series
resistor.
USBO_VBUS F1 El E3 21 @ |- 1/0 |VBUS pin (power on USB cable). This pin includes an internal
| pull-down resistor of 64 kQ (typical) + 16 kQ.
USBO_ID H2 G2 |F1 (22 B - | Indicates to the transceiver whether connected as an A-device
(USBO_ID LOW) or B-device (USBO_ID HIGH). For use with
OTG, this pin has an internal pull-up resistor.
USBO_RREF H1 Gl |F3 24 B - 12.0 kQ (accuracy 1 %) on-board resistor to ground for current
reference.
USB1 pins
USB1_DP F12 D11 E9 89 [ - 1/0 |USBL1 bidirectional D+ line. Add an external series resistor of
33Q +/-2%.
USB1 DM G12 E11 E10 90 @ |- /0 USBL1 bidirectional D- line. Add an external series resistor of
33Q +-2%.
I2C-bus pins
12C0_SCL L15 K13 D6 92 19 |;F I/0 | 12C clock input/output. Open-drain output (for 12C-bus
compliance).
12C0_SDA L16 K14 E6 (93 |0 |:F |I/O |I2C data input/output. Open-drain output (for 12C-bus
compliance).
Reset and wake-up pins
RESET D9 C7 B6 128 U 1A I External reset input: A LOW-going pulse as short as 50 ns on
this pin resets the device, causing I/O ports and peripherals to
take on their default states, and processor execution to begin
at address 0. This pin does not have an internal pull-up.
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32-bit ARM Cortex-M3 microcontroller

¢ Serial clock synchronization can be used as a handshake mechanism to suspend and
resume serial transfer.

* The I2C-bus can be used for test and diagnostic purposes.
 All I2C-bus controllers support multiple address recognition and a bus monitor mode.

7.14.5 12S interface
Remark: The LPC1850/30/20/10 contain two I2S interfaces.
The 12S-bus provides a standard communication interface for digital audio applications.
The 12S-bus specification defines a 3-wire serial bus using one data line, one clock line,
and one word select signal. The basic 12S-bus connection has one master, which is
always the master, and one slave. The I12S-bus interface provides a separate transmit and
receive channel, each of which can operate as either a master or a slave.
7.14.5.1 Features
* The interface has separate input/output channels each of which can operate in master
or slave mode.
¢ Capable of handling 8-bit, 16-bit, and 32-bit word sizes.
* Mono and stereo audio data supported.
* The sampling frequency can range from 16 kHz to 192 kHz (16, 22.05, 32, 44.1, 48,
96, 192) kHz.
* Support for an audio master clock.
e Configurable word select period in master mode (separately for 12S-bus input and
output).
¢ Two 8-word FIFO data buffers are provided, one for transmit and one for receive.
* Generates interrupt requests when buffer levels cross a programmable boundary.
* Two DMA requests, controlled by programmable buffer levels. The DMA requests are
connected to the GPDMA block.
e Controls include reset, stop and mute options separately for 12S-bus input and 12S-bus
output.
7.14.6 C_CAN

Remark: The LPC1850/30/20/10 contain two C_CAN controllers.

Controller Area Network (CAN) is the definition of a high performance communication
protocol for serial data communication. The C_CAN controller is designed to provide a full
implementation of the CAN protocol according to the CAN Specification Version 2.0B. The
C_CAN controller can build powerful local networks with low-cost multiplex wiring by
supporting distributed real-time control with a high level of reliability.

7.14.6.1 Features

LPC1850_30_20_10

* Conforms to protocol version 2.0 parts A and B.

* Supports bit rate of up to 1 Mbit/s.

¢ Supports 32 Message Objects.

* Each Message Object has its own identifier mask.
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7.18.3

7.18.4

7.18.5

7.18.6

7.18.7

LPC1850_30_20_10

32-bit ARM Cortex-M3 microcontroller

Clock Generation Unit (CGU)

The Clock Generator Unit (CGU) generates several base clocks. The base clocks can be
unrelated in frequency and phase and can have different clock sources within the CGU.
One CGU base clock is routed to the CLKOUT pins. The base clock that generates the
CPU clock is referred to as CCLK.

Multiple branch clocks are derived from each base clock. The branch clocks offer flexible
control for power-management purposes. All branch clocks are outputs of one of two
Clock Control Units (CCUs) and can be controlled independently. Branch clocks derived
from the same base clock are synchronous in frequency and phase.

Internal RC oscillator (IRC)

The IRC is used as the clock source for the WWDT and/or as the clock that drives the
PLLs and the CPU. The nominal IRC frequency is 12 MHz. The IRC is trimmed to 1.5 %
accuracy over the entire voltage and temperature range.

Upon power-up or any chip reset, the LPC1850/30/20/10 use the IRC as the clock source.
The boot loader then configures the PLL1 to provide a 96 MHz clock for the core and the
PLLOUSB or PLLOAUDIO as needed if an external boot source is selected.

PLLOUSB (for USBO)
PLLO is a dedicated PLL for the USBO High-speed controller.

PLLO accepts an input clock frequency from an external oscillator in the range of 14 kHz
to 25 MHz. The input frequency is multiplied up to a high frequency with a Current
Controlled Oscillator (CCO). The CCO operates in the range of 4.3 MHz to 550 MHz.

PLLOAUDIO (for audio)

The audio PLL PLLOAUDIO is a general-purpose PLL with a small step size. This PLL
accepts an input clock frequency derived from an external oscillator or internal IRC. The
input frequency is multiplied up to a high frequency with a Current Controlled Oscillator
(CCO). A sigma-delta converter modulates the PLL divider ratios to obtain the desired
output frequency. The output frequency can be set as a multiple of the sampling frequency
fsto 32 x fg, 64 x fs, 128 x fg, 256 x fg, 384 x fg, 512 x f5 and the sampling frequency fg can
range from 16 kHz to 192 kHz (16, 22.05, 32, 44.1, 48, 96,192) kHz. Many other
frequencies are possible as well using the integrated fractional divider.

System PLL1

The PLL1 accepts an input clock frequency from an external oscillator in the range of

1 MHz to 25 MHz. The input frequency is multiplied up to a high frequency with a Current
Controlled Oscillator (CCO). The multiplier can be an integer value from 1 to 32. The CCO
operates in the range of 156 MHz to 320 MHz. This range is possible through an
additional divider in the loop to keep the CCO within its frequency range while the PLL is
providing the desired output frequency. The output divider can be set to divide by 2, 4, 8,
or 16 to produce the output clock. Since the minimum output divider value is 2, it is
insured that the PLL output has a 50 % duty cycle. The PLL is turned off and bypassed
following a chip reset. After reset, software can enable the PLL. The program must
configure and activate the PLL, wait for the PLL to lock, and then connect to the PLL as a
clock source. The PLL settling time is 100 pus.
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10. Static characteristics

LPC1850/30/20/10

32-bit ARM Cortex-M3 microcontroller

Table 10. Static characteristics
Tamb = 40 T to +85 < unless otherwise specified.
Symbol Parameter Conditions Min Typli Max Unit
Supply pins
Vbb(0) input/output supply 2.2 - 3.6 \%
voltage
VDD(REG)(3V3) regulator supply voltage 222 - 3.6 \%
B.3V)
VDDA@3V3) analog supply voltage  on pin VDDA 2.2 - 3.6 \%
33V) on pins 3.0 3.3 3.6 Vv
USBO_VDDA3V3_
DRIVER and
USBO_VDDA3V3
VBaT battery supply voltage @22 - 3.6 Y,
Vprog(pf polyfuse programming on pin VPP (for OTP) Bl 2.7 - 3.6 \Y
voltage
Iprog(pf) polyfuse programming |on pin VPP; OTP - - 30 mA
current programming time <
1.6 ms
IDD(REG)(3V3) regulator supply current |Active mode; code
B3V) while(1){}
executed from RAM; all
peripherals disabled;
PLL1 enabled
CCLK = 12 MHz M- 6.6 - mA
CCLK = 60 MHz 4 25.3 - mA
CCLK = 120 MHz M- 48.4 - mA
CCLK = 180 MHz M- 72.0 - mA
IDD(REG)(3V3) regulator supply current | after WFE/WFI instruction
B.3V) executed from RAM; all
peripherals disabled
sleep mode (481 - 5.0 - mA
deep-sleep mode [A - 30 - pA
power-down mode M- 15 - pA
deep power-down [41e1 - 0.03 - pA
mode
deep power-down A - 2 - uA
mode; VBAT floating
lgaT battery supply current | active mode; Vgar =3.2 V, - 0 - nA
Vbp(REG)(3v3) = 3.6 V.
lgaT battery supply current  Vppreg)@avz) = 3.3 V. 9 -
VBAT =36V
deep-sleep mode - pA
power-down mode o - - pA
deep power-down © -
mode - 2 pA

LPC1850_30_20_10
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NXP Semiconductors
32-bit ARM Cortex-M3 microcontroller

Table 10. Static characteristics ...continued

Tamb = 40 T to +85 < unless otherwise specified.

Symbol Parameter Conditions Min Typli Max Unit

I/O pins - high drive strength: standard drive mode

lon HIGH-level output VoH = Vpp(o) - 0.4V -4 - - mA
current

loL LOW:-level output VoL=0.4V 4 - - mA
current

lons HIGH-level short-circuit ' drive HIGH; connected to [2 . - 32 mA
output current ground

loLs LOW-level short-circuit  drive LOW; connected to [12] . - 32 mA
output current Vbb(0)

I/0 pins - high drive strength: medium drive mode

lon HIGH-level output Vou = VDD(IO) -04V -8 - - mA
current

loL LOW:-level output VoL=0.4V 8 - - mA
current

lons HIGH-level short-circuit  drive HIGH; connected to [2 . - 65 mA
output current ground

loLs LOW-level short-circuit | drive LOW; connected to [z . - 63 mA
output current Vbp(i0)

I/0 pins - high drive strength: high drive mode

loH HIGH-level output Vou = VDD(IO) -04V -14 - - mA
current

loL LOW:-level output VoL=0.4V 14 - - mA
current

loHs HIGH-level short-circuit ' drive HIGH; connected to [2 . - 113 mA
output current ground

loLs LOW-level short-circuit | drive LOW; connected to [z . - 110 mA
output current Vbp(i0)

I/0 pins - high drive strength: ultra-high drive mode

loH HIGH-level output Vou = VDD(IO) -04V -20 - - mA
current

loL LOW:-level output VoL=0.4V 20 - - mA
current

lons HIGH-level short-circuit drive HIGH; connected to [2 |. - 165 mA
output current ground

loLs LOW:-level short-circuit  drive LOW; connected to A7 . - 156 mA
output current Vbp(10)

I/O pins - high-speed

C input capacitance - - 2 pF

I LOW-level leakage V| =0 V; on-chip pull-up - 3 - nA
current resistor disabled

ILH HIGH-level leakage V| = Vpp(io); On-chip - 3 - nA
current pull-down resistor

disabled
V=5V - - 20 nA

LPC1850_30_20_10
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32-bit ARM Cortex-M3 microcontroller

10.1 Power consumption

80 ‘ ‘ 002aah592
IDD(REG)(3V3) 180 MHz
(mA)
60
120 MHz
40
60 MHz
20
12-MHz
l
0
2.2 2.4 2.6 2.8 3 3.2 3.4 3.6

VDD(REG)(3V3) (V)

Conditions: Tamp = 25 °C; active mode entered executing code while(1){} from SRAM; internal
pull-up resistors disabled; PLL1 enabled; IRC enabled; all peripherals disabled; all peripheral
clocks disabled.

Fig 10. Typical supply current versus regulator supply voltage Vppreg)@3va) in active

mode
2aah
80 002aah593
IDD(REG)(3V3) 80 MHz
(mA)
60
20 MHz
40
60 MHZz
20
12-MHz
0
-40 -15 10 35 60 85

temperature (°C)

Conditions: Vpp(rea)3avz) = 3.3 V, Active mode entered executing code while(1){} from SRAM;
internal pull-up resistors disabled; PLL1 enabled; IRC enabled; all peripherals disabled; all
peripheral clocks disabled.

Fig 11. Typical supply current versus temperature in Active mode
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Conditions: Vppree)3vz) = 3-3 V; Vear floating; Vpp(o)y = 3.3 V.
Fig 14. Typical supply current versus temperature in Deep-sleep mode

002aah155

50

IDD(REG)(3V3)
(HA)

40 v

30 /

20

10

-40 -15 10 35 60 85
temperature (°C)

Conditions: VDD(REG)(SVS) =3.3V; Vgar ﬂoating; VDD(IO) =33V
Fig 15. Typical supply current versus temperature in Power-down mode
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IBAT
(HA)

10

002aah157

Conditions: VDD(REG)(SVB), VDD(IO) floating.

/5/
///
yi
VBAT =,3.6 V
3.0V y
22V /
7
—
40 -15 10 35 60 85

temperature (°C)

Fig 18. Typical battery supply versus temperature in Deep power-down mode

10.2 Peripheral power consumption

LPC1850_30_20_10

The typical power consumption at T = 25 °C for each individual peripheral is measured as

follows:

1. Enable all branch clocks and measure the current Ipprec)@3va)-

2. Disable the branch clock to the peripheral to be measured and keep all other branch
clocks enabled.

3. Calculate the difference between measurement 1 and 2. The result is the peripheral
power consumption.

Table 11. Peripheral power consumption

Peripheral Branch clock Ipp(REG)(3V3) IN MA
Branch clock Branch clock
frequency = 48 MHz frequency = 96 MHz

12C1 CLK_APB3_I2C1 0.01 0.02

12C0 CLK_APB1_I2C0 0.02 0.01

DAC CLK_APB3_DAC 0.01 0.02

ADCO CLK_APB3_ADCO 0.05 0.05

ADC1 CLK_APB3_ADC1 0.04 0.04

CANO CLK_APB3_CANO 0.17 0.17

CAN1 CLK_APB1_CAN1 0.17 0.17

MOTOCON CLK_APB1_MOTOCON 0.05 0.05

12S CLK_APBL_I2S 0.11 0.11

SPIFI CLK_SPIFI, 0.95 1.85

CLK_M3_SPIFI
GPIO CLK_M3_GPIO 0.66 131
LCD CLK M3 LCD 0.85 1.72
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Table 11. Peripheral power consumption
Peripheral Branch clock Ipb(REG)(3v3) IN MA
Branch clock Branch clock
frequency =48 MHz  frequency = 96 MHz

ETHERNET CLK_M3_ETHERNET 1.05 2.09

UARTO CLK_M3_UARTO, 0.3 0.38
CLK_APBO_UARTO

UART1 CLK_M3_UARTL1, 0.27 0.48
CLK_APBO_UART1

UART2 CLK_M3_UART2, 0.27 0.47
CLK_APB2_UART2

UART3 CLK_M3_USART3, 0.29 0.49
CLK_APB2_UART3

TIMERO CLK_M3_TIMERO 0.07 0.14

TIMER1 CLK_M3_TIMER1 0.07 0.14

TIMER2 CLK_M3_TIMER2 0.07 0.15

TIMER3 CLK_M3_TIMER3 0.06 0.11

SDIO CLK_M3_SDIO, 0.79 1.37
CLK_SDIO

SCTimer/PWM CLK_M3_SCT 0.52 1.05

SSPO CLK_M3_SSPo, 0.12 0.21
CLK_APBO_SSPO

SSP1 CLK_M3_SSP1, 0.15 0.28
CLK_APB2_SSP1

DMA CLK_M3_DMA 1.88 3.71

WWDT CLK_M3_WWDT 0.05 0.08

QEI CLK_M3_QEI 0.33 0.68

USBO CLK_M3_USBO, 1.46 3.32
CLK_USBO

uUsB1 CLK_M3_USB1, 2.83 5.03
CLK_USB1

RITIMER CLK_M3_RITIMER 0.04 0.08

EMC CLK_M3_EMC, 3.6 6.97
CLK_M3_EMC_DIV

SCU CLK_M3_SCU 0.09 0.23

CREG CLK_M3_CREG 0.37 0.72
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15 g 002aah040
loL e o
12 85°C

e

~

0 0.1 0.2 0.3 0.4 0.5 0.6
VoL (V)

Conditions: VDD(REG)(3V3) = VDD(IO) = 3.3 V; normal-drive;

EHD = 0x0.
002aah043
40
loL pd
mA) s
40°C / L~

25°C

!

Ny

7

0 |
0 0.1 02 03 04 05 06
VoL (V)

Conditions: Vppreac)3va) = Vop(o) = 3.3 V; high-drive;
EHD = 0x2.

25 002aah041
loL
(mA)
20
-40°C P
25°C e
* CEE R
V |~
10 // o
. yZ
Pz
0
0 0.1 0.2 0.3 0.4 0.5 0.6
VoL (V)
Conditions: VDD(REG)(3V3) = VDD(IO) =33V,
medium-drive; EHD = 0x1.
60 002aah044
loL P

(mA) c P /

. P
7z

" y

pz

0 0.1 02 03 04 05 06
VoL (V)

Conditions: Vpprea)@3va) = Vop(o) = 3.3 V; ultra
high-drive; EHD = 0x3.

Fig 21. High-drive pins; typical LOW level output current Ig_ versus LOW level output voltage Vo,
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Tcy(clk)
SCK (CPOL = 0) \
SCK (CPOL = 1) \ /
S tDH |
MOSI X DATA VALID * DATA VALID *
tv@) —| [+— ﬂ‘ ~— thQ) CPHA=1
MISO X DATA VALID DATA VALID
tps toH |
MOSI x DATA VALID DATA VALID *
tV(Q) —»‘ - ‘ —»‘ - th(Q) CPHA =0
MISO x DATA VALID DATA VALID
002aae830
Fig 31. SSP slave timing in SPI mode
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Dynamic characteristics: Dynamic external memory interface

Simulated data over temperature and process range; C, = 10 pF for EMC_DYCSn, EMC_RAS, EMC_CAS, EMC_WE,
EMC_An; C_ =9 pF for EMC_Dn; C, =5 pF for EMC_DQMOUTn, EMC_CLKn, EMC_CKEOUTN; Tgmp = 40 T to 85 <C;
2.2V <Vpp(rec)@3va) <3.6 V; Vpp(o) =3.3 V #10 %; RD = 1 (see LPC18xx User manual); EMC_CLKn delays CLKO_DELAY

= CLK1_DELAY = CLK2_DELAY = CLK3_DELAY =0.

Symbol Parameter Min Typ Max Unit
Tey(elk) ‘clock cycle time 8.4 - - ns
Common to read and write cycles
taoycsv) DYCS delay time - 31+0.5xTeyeky 5.1+0.5xTeyey ns
thycs) DYCS hold time 0.3+0.5x Teyey 0.9+0.5x Teyeny - ns
taRASV) ‘row address strobe valid delay time - 3.1+05x Tey(elk) 49+05x Teyely | NS
th(rAS) row address strobe hold time 0.5+0.5x Teyeny 1.1+05xTeyenwy - ns
tacasv) column address strobe valid delay time - 2.9+05x Tey(elk) 46+05 x Teyely | NS
th(cas) column address strobe hold time 0.3+ 0.5 x Teyey 0.9+ 0.5 x Tyl - ns
tqweyy  WE valid delay time - 32+05x Teyeky 5.9+0.5x Teyany NS
thowe) WE hold time 1.3+0.5x Teyeky (1.4+0.5x Teyewy |- ns
tyoomouty) DQMOUT valid delay time ) 31+05xTeyay 5.0+0.5x Toyerg NS
thoomouty | DQMOUT hold time 0.2+ 0.5 x Teyey 0.8+ 0.5 x Tyl - ns
tacav) ‘address valid delay time - 3.8+05x Tey(elk) 63+0.5 x Teyely | NS
thea) address hold time 0.3+0.5x Teyey 0.9+0.5x Teyeny - ns
tyckeouty)y  CKEOUT valid delay time ) 31+05xTeyay 5.1+0.5x Toyerg NS
th(ckeouT) CKEOUT hold time 0.5 x Tey(clk) 0.7+ 0.5 x Teyewy |- ns
Read cycle parameters
tsup) data input set-up time -1.5 -0.5 - ns
th() ‘data input hold time 2.2 0.8 - ns
Write cycle parameters
taQv) data output valid delay time - 3.8+ 0.5 x Teyeky (6.2 +0.5x Teyey NS
thQ) data output hold time 0.5 x Tey(clk) 0.7+ 0.5 x Teyewy |- ns
Table 26. Dynamic characteristics: Dynamic external memory interface; EMC_CLK][3:0]
delay values
Tamb = 40 T 10 85 T; Vpp(o) =3.3 V 210 %; 2.2 V <Vppree)@va) <3.6 V.
Symbol |Parameter Conditions Min Typ Max Unit
tq delay time delay value 1
CLKn_DELAY =0 0.0 0.0 0.0 ns
CLKn_DELAY =1 |1 0.4 0.5 0.8 ns
CLKn DELAY =2 [ 0.7 1.0 1.7 ns
CLKn_DELAY =3 |1 11 1.6 25 ns
CLKn DELAY =4 [ 1.4 2.0 3.3 ns
CLKn_DELAY =5 |1 1.7 2.6 4.1 ns
CLKn DELAY =6 [ 2.1 3.1 4.9 ns
CLKn_DELAY =7 |1 25 3.6 5.8 ns

[1] Program the EMC_CLKn delay values in the EMCDELAYCLK register (see the LPC18xx User manual).
The delay values must be the same for all SDRAM clocks EMC_CLKn: CLKO_DELAY = CLK1_DELAY =
CLK2_DELAY = CLK3_DELAY.
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11.13 USB interface

Table 27. Dynamic characteristics: USBO and USB1 pins (full-speed)
CL =50 pF; Rpu =1.5kQRon D+ to VDD(IO); 3.0V —<VDD(IO) <3.6 V.

Symbol Parameter Conditions Min Typ Max Unit
t rise time 10 % to 90 % 4.0 - 20.0 ns
t fall time 10 % to 90 % 4.0 - 20.0 ns
tFREM differential rise and fall time t/ 90 - 111.11 %
matching
VeRrs output signal crossover voltage 1.3 - 2.0 \%
trEOPT source SEOQ interval of EOP see Figure 35 160 - 175 ns
trpEOP source jitter for differential transition |see Figure 35 -2 - +5 ns
to SEO transition
tir1 receiver jitter to next transition -18.5 - +18.5 ns
tir2 receiver jitter for paired transitions 10 % to 90 % -9 - +9 ns
teoPR1 EOP width at receiver must reject as 1 140 - - ns
EOP; see
Figure 35
teopr2 EOP width at receiver must accept as [l 82 - - ns
EOP; see
Figure 35

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

Remark: If only USBO (HS USB) is used, VDDREG and VDDIO can be at different
voltages within operating range but should have the same ramp up time. If USB1(FS
USB) is used, VDDREG and VDDIO should be a minimum of 3.0 V and be tied together.

TpERIOD <—>‘ ‘ ‘ ‘ ‘ crossover point ‘ ‘ ‘ ‘
extended
crossover point / \
differential [ — L Y
data lines
source EOP width: tropT
differential data to —
~—— SEO/EOP skew
nxT, +
PERIOD ™ FDECP \ receiver EOP width: teopr1, tEOPR2
002aab561
Fig 35. Differential data-to-EOP transition skew and EOP width
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LQFP144: plastic low profile quad flat package; 144 leads; body 20 x 20 x 1.4 mm SOT486-1

[A]
-73
72— -
=
= ZE
= 4
=
E L.l L
— Aq (A3)
§SSililma gy
= [ov@] ! R
= A - Lp |-
=jp f-— | —»
=
/37
-36
- Ev@lA]
0 5
‘ Hp =[v @8]
0 5 10 mm
ST I |

scale

DIMENSIONS (mm are the original dimensions)

A
UNIT | | AL | Az | Ag | bp | c DV EM| e |Hp | HE| L | Lp | v w y |zp®|zg®| o

0.15 | 1.45 0.27 | 0.20 | 20.1 | 20.1 22.15|22.15 0.75 14 | 14 | 7°
mm o116 605 | 135 [ %% | 017 | 009 | 19.9 | 199 | %5 2185|2185 1 |o045| 02 | 008|008 0y | qq | oo

Note
1. Plastic or metal protrusions of 0.25 mm maximum per side are not included.

REFERENCES
VERSION PROJECTION | ISSUEDATE
IEC JEDEC JEITA
00-03-14-
SOT486-1 136E23 MS-026 = @ 00520
Fig 52. Package outline for the LQFP144 package
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