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1. MCB1700 Board Quick Overview

The hardware block diagram in Fig.1 [1] displays input, configuration, power system, and User I/O on the
MCB1700 board.
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Figure 1 Main components of MCB1700 board

Microcontroller: NXP LPC1768
XTAL Frequency: 12 MHz
Peripherals on board: 2 x RS232 Interfaces,

2 x CAN Interfaces,

1 x Ethernet Interface,

1 x JTAG Interface,

1 x ETM Interface,

2 x Cortex Debug Interfaces,

1 x LCD Display,

1 x USB Device/Host/OTG Interface,

1 x Analog Output (connected to speaker by default)

1 x Analog Input (connected to potentiometer by default)

2. LPC17xx MCU Overview

The LPC1700 series of low power cost-effective Cortex-M3 microcontrollers feature best-in-class
peripheral support such as Ethernet, USB 2.0 Host/OTG/Device, and CAN 2.0B.

Operating at speeds up to 120 MHz, they have up to 512 KB of FLASH, up to 64 KB of SRAM, 12-bit

A/D and 10-bit D/A converters as well as an internal RC oscillator.

Block diagram shown in Fig.2 [2].
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Figure 2 LPC17xx block diagram.

Simplified block diagrams of LPC1768 MCU are shown in Fig.3,4 [3].
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Figure 3 Simplified block diagram of LPC1768 MCU.
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Figure 4 LPC1768 block diagram, CPU, and buses.



3. Exception and Interrupts: Nested Vectored Interrupt Controller (NVIC)

--Nested Vectored Interrupt Controller that is an integral part of the ARM Cortex-M3
--Tightly coupled interrupt controller provides low interrupt latency

--Controls system exceptions and peripheral interrupts

--In the LPC17xx, the NVIC supports 35 vectored interrupts

--32 programmable interrupt priority levels, with hardware priority level masking
--Relocatable vector table

--Non-Maskable Interrupt

--Software interrupt generation

Table 50 from User Manual [3] lists the interrupt sources for each peripheral function. Each peripheral
device may have one or more interrupt lines to the Vectored Interrupt Controller. Each line may represent

more than one interrupt source, as noted.

Exception numbers relate to where entries are stored in the exception vector table. Interrupt numbers are
used in some other contexts, such as software interrupts.

Table 530. Connection of interrupt sources to the Vectored Interrupt Controller

Interrupt Exception Vector Function Flagis)

D Number  Offset

0 18 Ox40  WDT Watchdog Interrupt (WDINT)

1 17 Ox44  TimerQ Match 0 - 1 (MRD, MR1)
Capture 0 - 1 (CRO, CR1)

2 18 Ox4E  Timer 1 Match 0 - 2 (MRO, MR1, MR2)
Capture 0 - 1 (CRO, CR1)

3 18 x4l Timer 2 Match 0-3
Capture 0-1

4 20 O0x50  Timer2 Match 0-2
Capture 0-1

5 2 Oxf4  UARTOD Rx Line Status (RLS)

Transmit Holding Register Empty (THRE)
Rx Data Avalable (RDA)
Character Time-out Indicator (CTI)
End of Aute-Baud (ABED)
Avto-Baud Teme-Out (ABTO)
il 2 Ox5E8  UART1 Rx Line Status (RLS)
Transmit Holding Register Empty (THRE)
Rx Data Avalable (ROA)
Character Time-out Indicator (CTI)
Modem Control Change
End of Aute-Baud (ABED)
Auto-Baud Teme-Out (ABTO)
7 23 Ox5C  UART 2 Rux Line Status (RLS)
Transmit Holding Register Empty (THRE)
Rix Data Available (RDA)
Character Time-out Indicator (CTI)
End of Aute-Baud (ABED)
Auto-Baud Teme-Out (ABTO)
B 24 OxE0 UART 3 Rux Line Status (RLS)
Transmit Holding Register Empty (THRE)
Rix Data Avalable (ROA)
Character Time-out Indicator (CTI)
End of Aute-Baud (ABED)
Auto-Baud Teme-Out (ABTO)

] 25 Oefd PIWMT Match 0 - G of PYWM1
Capture 0-1 of PYWM1



10 28 haE 1200 5l (state change)
1 7 mhEC 12C1 5l (state change)
12 23 T 12c2 51 (state change)
13 29 074 5Pl SP Interrupt Flag (SPIF)
] Mode Fault (MODF}
Interrupt  Exception Vector Function Flag(s)
10 Humber  Offset
14 a0 0«78 S55PO Tx FIFQ half empty of S5P0
Rux FIFQ half full of S5P0
Rix Timeout of S55P0
R Cwerrun of 35P0
15 N 0«7C  55P1 Tx FIFQ half empty
Rux FIFO half full
Rx Timeout
Rix Cwerun
18 32 0xB0  PLLO (Mam PLL) PLLO Lock (PLOCKD)
17 1 0xB4 RTC Counter Increment (RTCCIF)
Alamm (RTCALF)
18 4 0xB8  Extemal Interrupt External Interrupt O (EINTD)
19 35 0xBC  [Extemnal Interrupt External Interrupt 1 (EINT1)
20 g 0xBD)  [Extemnal Interrupt External Interrupt 2 (EINTZ)
21 ar 0x34  Extemal Interrupt Extemnal Interrupt 3 (EINT3).
Mote: EINT3 channel is shared with GPIO intermupts
22 3 0=28 ADC AD Converter end of corersion
23 249 0=BC BOD Brown Out detect
24 40 OzAD USB USBE_INT_REG_LP, USB_INT_REQ_HP. USE_INT_REQ_DMA
25 41 O=xA4  CAN CAN Common, CAN D Tx, CAN D Rx. CAN 1 Tx. CAN 1 Rx
28 42 0=A8  GPDMA IntStatus of DA channed 0, IntStatus of DMA channel 1
27 43 0=AC 125 g, dmareq1, dmareq2
2B 22 0=B0 |[Ethemet Wakeuplnt, Softint, TxDonelnt. TxFinishedint, TxEmerint,
TxUnderrunint, RxDonelnt. RxFinishedint. RxEmorint.
ReeOwermunint.
248 45 0zB4 Repetiive Intermupt RITINT
Timer
30 4 0zB8 Motor Control PWM  IPER[2:0], IPWI[2-0). ICAP[2:0], FES
b 47 0BG  Quadrature Encoder  INX_Int. TIM_Int, VELC_iInt. DIR_Int, ERR_Int, ENCLE_Int,
POS0_Int, POS1_Int, POS2_Int. REV_Int, POSOREW _Int,
POS1REV_Int, POS2ZREV_Int
32 43 O0xC0  PLL1(USBPLL) PLL1 Lock (PLOCK1)
33 43 OeC4  USE Activity Interrupt  USE_MEED_CLK
34 50 0=C8  CAM Activity Interrupt  CANTWAKE, CANZWAKE

As we can see, the LPC1768 microprocessor can have many sources of interrupts. Selected GPIO pins
can also be set to generate interrupts.

4. Input/Output Ports

Detailed information on this topic can be found in chapters 7,8, and 9 of the LPC17xx user manual [3].

a) Pin function:
The LPC1768 microprocessor on the MCB1700 board has 100 pins. Fig.5 [4] shows the functionality of
most of these pins. Most pins can have more than one function. For example, pin number 73, named as
P2.2, can take four different roles as indicated by P2.2/PWM1.3/CTS1/TRACEDATA3.
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Figure 5 Pins of LPC178.

Many pins of LPC1768 can have up to four different functionalities. For each pin there is a two-bit field
in a register named PINSELx which controls the functionality of the pin. Table D.1 shows how the two
bits should be set to define the functionality of a pin. For more information refer to tables 79-86 of the
LPC17xx user manual.

Many times we’ll define the pins we’ll work with as GPIO (general purpose input output) — the default
functionality. We saw an example of using a pin as a GPIO in the Blinky examples of lab#1.

There are ten PINSEL (pin select) registers. Two of them, PINSEL3 and PINSELA4, are used for pins
connected to LEDs. The PINSEL3 (address 0x4002 CO0C) controls P1[31:16] pins and the PINSEL4
(0x4002 C010) controls P2[15:0] pins. Table D.2 shows pin function select for PINSEL3 (partial), and
Table D.3 shows pin function select for PINSEL4 (partial).



Table D.1 - Pin function select register bits

PINSELD..9 values

Function

Value after reset

oo Primary (default) function, typically GPIO port
01 First alternate function

10 Second alternate functicn

11 Third alternate function

Table D.2- Pin function select register 3

Pin Function Function Function Reset LED
PINSEL3 Function when 00
name when 01 when 10 when 11 value
19:18 P1.25 GPIO Port 1.25 MCOAL Reszrved MATL.1
21:20 Pl.26 GPIO Port 1.26 MCOB1 PWM16 CAPO.O
23:22 P1.27 GPIO Port 1.27 CLKOUT UsSB_OVRCR CAPO.1
25:24 P1.28 GPIO Port 1.28 MCODAZ PCAP1.0 MATOD.0 LED[7]
27:26 P1.29 GPIO Port 1.29 MCOB2 PCAP1.1 MATD.1 00 LED[6]
29:28 P1.30 GPIO Port 1.30 Reserved Veus ADD 4
31:30 P1.31 GPIO Port 1.31 Reserved SCK1 ADD.S LED[5]
Table D.3- Pin function select register 4
Pin . Function Function Function Reset LED
PIMNSELS Function when 00
name when 01 when 10 when 11 value
1:0 P2.0 GPIO Port 2.0 PWM1.1 TXD1 Reserved
3:2 P2.1 GPIO Port 2.1 PWM1.2 RXD1 Reserved




5:4 P2.2 GPIO Port 2.2 PWM1.3 CT51 Reserved LED[4]
76 P2.3 GPIO Port 2.3 PWM1.4 DCD1 Reserved LED[3]
9:8 F2.4 GPIO Port 2.4 PWM1.5 DSR1 Reserved 00 LED[2]
11:10 P2.5 GPIO Port 2.5 PWM1.6 DTR1 Reserved LED[1]
13:12 P2.6 GPIO Port 2.6 PCAPL.G Ri1 Reserved LED[D]
15:14 P27 GPIO Port 2.7 RD2 RT51 Reserved
17:16 P28 GPIO Port 2.8 TD2 D2 ENET_MDC

b) Pin mode:

Each GPIO pin can be either input or output and can be configured to use a pull-up resistor, a pull-down
resistor, or no resistor at all. “Fig.35” below, taken from NXP’s LPC17xx datasheet, shows the general
structure for a GPIO pin.

Voo Voo

LAl

open-drain enable

pin configured output enable E}JJ';?_I;IJQ
as digital output P P
driver data output —— PN
sirong
pull-down
pull-up enable
repeater mode
pin configured | enable
as digital input pull-down enable
data input <l
select analog input
pin configured ) -
analog input o o02aarz72

as analog imput

Fig 35. Standard 'O pin configuration with analog input

For configuration as output, the pull-up “resistor” can generate a “high” (or logic 1) state, while the pull-
down “resistor” can generate a “low” (or logic 0) state.



There is a two bit field in the register named PINMODEX that determines the GPIO pin configuration.
The PINMODE registers control the input mode of all ports. This includes the use of the on-chip pull-
up/pull-down resistor feature and a special open-drain operating mode. The on-chip pull-up/pull-down
resistor can be selected for every port pin regardless of the function on this pin with the exception of the
12C pins for the [2C0 interface and the USB pins. The next table shows how the configuration is done.

Table 76. Pin Mode Select register Bits

PINMODED to Function Value after
PINMODES Values Reset

0o Fin has an on-chip pull-up resistor enabled. 0o

01 Repeater mode (see text below).

10 Fin has neither pull-up nor pull-down resistor enabled.

11 Fin has an on-chip pull-down resistor enabled.

For more information, refer to tables 87-93 of the LPC17xx User manual.

¢) Using the GPIO:

The following table lists the registers associated with GPIOs. When using a given pin as I/O we write and
read from these registers’ individual bits.

Table 104. GPIO register map (local bus accessible registers - enhanced GPIO features)

Generic  Description Access Resst  PORTn Register

Name valuelll Mame & Address

FIODIR  Fast GPIO Port Direction control register. This register R ] FICODDMR - 0=2008 CO00
individually controls the direction of each port pin. FIC1DMR - 0=2008 CO20

FIC2DMR - 02008 CO40
FIC3MMR - 02008 COE0
FICHDIR - 0=2008 CO20

FIOMASK Fast Mask register for port. Writes, sets, chears, and reads to RAY ] FIOOMASE - 0x2000 CO10
port {done via weites to FIOPIN, FIOSET, and FIOCLR, and FIOIMASE - 02000 C030
reads of FIOPIN) alter or retum only the bits enabled by zeros FIOZMASK - Ox2000 CO50
in this register. FIO3MASE - 02000 COT0

FIO4MASE - 02000 COR0

FIOPIN Fast Port Pin wvalue register using FIOMASE. The current state  RAY ] FICOPIM - 02009 CO14
of digital port pins can be read from this register, regardless of FICPIM - 02009 CO34
pin direction or altemate fimcbion selection (as long as pins are FIOZPIM - 0x2009 CO054
not configuned as an input to ADC). The valee read is masked FIC3PIM - 02009 CO74
by AMDing with inverted FIOMASE. Writing te this register FICHPIM - Ox2009 CO24
places comesponding values in all bits enabled by zeros in
FIOMASE.

Important: if an FIOPIN register is read, its bit{s) masked with
1in the FIOMASK register will be read as 0 regardiess of the
physical pin state.

FIQSET  [Fast Port Output Set register using FIOMASE. This register  RAY ] FIQDSET - Ow2000 CO18
controls the state of cutput pins. Writing 1s produces highs at FIO1SET - Ow2D00 CO38
the comesponding port pins. Writing Os has no effect. Reading FIC2SET - w2002 CO5E
this register returmns the cument contents of the port output FIO3SET - Qw0 COTH
register. Only bits enabled by D in FIOMASEK can be altered. FICHSET - 02002 COeE

FIOCLR  [Fast Port Output Clear register using FIOMASE. This register WO ] FIDDCLR - 02009 CO1C

controds the state of output pins. Writing 1s produces lows at
the comesponding port pins. Wiiting Os has no effect. Only bits
enabled by 0 in FIOMASK can be altered.

FICICLR - 0x2009 CO3C
FIC2CLR - 02009 CO5C
FIO3CLR - 02009 COTC
FICHCLR - 0x2009 CO9C

[1] Resetvalue reflects the data storad In usad bits only. It do=s not Incuge resened bRs contemt.



Selected GPIO pins can also be set to generate interrupts. The push button INTO is connected to pin P2.10
of the LPC1768 microprocessor. This pin can be a source of external interrupts to the MCU. The table
below shows different functionalities that can be assigned to P2.10 pin.

Table E.1 — Pin functions for P2.10

Bits 21:20 of PINSEL4 Function Value after reset
00 GPIO P2.10 pin (default)
01 EINTO
00
10 MNMI
11 Reserved

If you plan to use P2.10 as GPIO, then you should also enable this source of interrupt as described in
section 9.5.6 of the LPC17xx user manual. Note that you can set the P2.10 pin to be sensitive to either the
rising edge or the falling edge. More information on clearing the interrupt pending bit can be found in
table 123 in section 9.5.6.1, page 139 of the user manual.

5. Polling vs. Interrupts
“Polling is like picking up your phone every few seconds to see if you have a call.”

Polling the device usually means reading its status register every so often until the device's status changes
to indicate that it has completed some request. It takes CPU time even when no requests are pending.
However, it can be efficient if events arrive rapidly.

Interrupts are an alternative to polling. Each device is given a wire (interrupt line) that it can use to signal
the processor. When an interrupt is signaled, the processor executes a routine called an interrupt handler
to deal with the interrupt. This approach has no overhead when no requests are pending.

Maskable p——— Device
Interrupt .
Controllljer‘ —Dewce
Non-Maskable \ .
(NM1) \ Device
Device

A nonmaskable interrupt (NMI) is an interrupt that cannot be ignored by standard interrupt masking
techniques in the system. It is typically used to signal attention for non-recoverable hardware errors.

On receipt of an NMI request, immediate execution of the NMI handler is guaranteed unless the system is
completely locked up. NMI is very important for many safety-critical applications.
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