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Port Mapping Controller

NOTE: This chapter is an excerpt from the MSP430x5xx and MSP430x6xx Family User's Guide.
The most recent version of the full user's guide is available here:
http://www.ti.com/lit/pdf/slau208.

The port mapping controller allows a flexible mapping of digital functions to port pins. This chapter
describes the port mapping controller.
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1.1 Port Mapping Controller Introduction
The port mapping controller allows the flexible and reconfigurable mapping of digital functions to port pins.

The port mapping controller features are:
• Configuration protected by write access key.
• Default mapping provided for each port pin (device-dependent, the device pinout in the device-specific

data sheet).
• Mapping can be reconfigured during runtime.
• Each output signal can be mapped to several output pins.

1.2 Port Mapping Controller Operation
The port mapping is configured with user software. The setup is discussed in the following sections.

1.2.1 Access
To enable write access to any of the port mapping controller registers, the correct key must be written into
the PMAPKEYID register. The PMAPKEYID register always reads 096A5h. Writing the key 02D52h grants
write access to all port mapping controller registers. Read access is always possible.

If an invalid key is written while write access is granted, any further write accesses are prevented. It is
recommended that the application completes mapping configuration by writing an invalid key.

There is a timeout counter implemented that is incremented with each (assembler) instruction, and when it
counts to 32, the write access is locked again. Any access to the port mapping controller registers resets
the counter. Interrupts should be disabled during the configuration process or the application should take
precautions that the execution of an interrupt service routine does not accidentally cause a permanent
lock of the port mapping registers; for example, by using the reconfiguration capability (see Section 1.2.2).

The access status is reflected in the PMAPLOCK bit.

By default, the port mapping controller allows only one configuration after PUC. A second attempt to
enable write access by writing the correct key is ignored, and the registers remain locked. A PUC is
required to disable the permanent lock again. If it is necessary to reconfigure the mapping during runtime,
the PMAPRECFG bit must be set during the first write access timeslot. If PMAPRECFG is cleared during
later configuration sessions, no more configuration sessions are possible.

1.2.2 Mapping
For each port pin, Px.y, on ports providing the mapping functionality, a mapping register, PxMAPy, is
available. Setting this register to a certain value maps a module's input and output signals to the
respective port pin Px.y. The port pin itself is switched from a general purpose I/O to the selected
peripheral/secondary function by setting the corresponding PxSEL.y bit to 1. If the input or the output
function of the module is used, it is typically defined by the setting the PxDIR.y bit. If PxDIR.y = 0, the pin
is an input, if PxDIR.y = 1, the pin is an output. There are also peripherals (for example, the USCI module)
that control the direction or even other functions of the pin (for example, open drain), and these options
are documented in the mapping table.

With the port mapping functionality the output of a module can be mapped to multiple pins. Also the input
of a module can receive inputs from multiple pins. When mapping multiple inputs onto one function, care
needs to be taken because the input signals are logically ORed together without applying any priority;
therefore, a logic one on any of the inputs results in a logic one at the module. If the PxSEL.y bit is 0, the
corresponding input signal is a logic zero.

The mapping is device-dependent; see the device-specific data sheet for available functions and specific
values. The use of mapping mnemonics to abstract the underlying PxMAPy values is recommended to
allow simple portability between different devices. Table 1-1 shows some examples for mapping
mnemonics of some common peripherals.

All mappable port pins provide the function PM_ANALOG (0FFh). Setting the port mapping register
PxMAPy to PM_ANALOG together with PxSEL.y = 1 disables the output driver and the input Schmitt-
trigger, to prevent parasitic cross currents when applying analog signals.
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Table 1-1. Examples for Port Mapping Mnemonics and Functions

PxMAPy Mnemonic Input Pin Function
With PxSEL.y = 1 and PxDIR.y = 0

Output Pin Function
With PxSEL.y = 1 and PxDIR.y = 1

PM_NONE None DVSS
PM_ACLK None ACLK
PM_MCLK None MCLK
PM_SMCLK None SMCLK
PM_TA0CLK Timer_A0 clock input DVSS
PM_TA0CCR0A Timer_A0 CCR0 capture input CCI0A TA0 CCR0 compare output Out0
PM_TA0CCR1A Timer_A0 CCR1 capture input CCI1A TA0 CCR1 compare output Out1
PM_TA0CCR2A Timer_A0 CCR2 capture input CCI2A TA0 CCR2 compare output Out2
PM_TA0CCR3A Timer_A0 CCR3 capture input CCI3A TA0 CCR3 compare output Out3
PM_TA0CCR4A Timer_A0 CCR4 capture input CCI4A TA0 CCR4 compare output Out4
PM_TA1CLK Timer_A1 clock input DVSS
PM_TA1CCR0A Timer_A1 CCR0 capture input CCI0A TA1 CCR0 compare output Out0
PM_TA1CCR1A Timer_A1 CCR1 capture input CCI1A TA1 CCR1 compare output Out1
PM_TA1CCR2A Timer_A1 CCR2 capture input CCI2A TA1 CCR2 compare output Out2
PM_TBCLK Timer_B clock input DVSS
PM_TBOUTH Timer_B outputs high impedance DVSS
PM_TBCCR0A Timer_B CCR0 capture input CCI0A TB CCR0 compare output Out0

[direction controlled by Timer_B (TBOUTH)]
PM_TBCCR1A Timer_B CCR1 capture input CCI1A TB CCR1 compare output Out1

[direction controlled by Timer_B (TBOUTH)]
PM_TBCCR2A Timer_B CCR2 capture input CCI2A TB CCR2 compare output Out2

[direction controlled by Timer_B (TBOUTH)]
PM_TBCCR3A Timer_B CCR3 capture input CCI3A TB CCR3 compare output Out3

[direction controlled by Timer_B (TBOUTH)]
PM_TBCCR4A Timer_B CCR4 capture input CCI4A TB CCR4 compare output Out4

[direction controlled by Timer_B (TBOUTH)]
PM_TBCCR5A Timer_B CCR5 capture input CCI3A TB CCR5 compare output Out5

[direction controlled by Timer_B (TBOUTH)]
PM_TBCCR6A Timer_B CCR6 capture input CCI4A TB CCR6 compare output Out6

[direction controlled by Timer_B (TBOUTH)]
PM_UCA0RXD USCI_A0 UART RXD (direction controlled by USCI - input)
PM_UCA0SOMI USCI_A0 SPI slave out master in (direction controlled by USCI)
PM_UCA0TXD USCI_A0 UART TXD (direction controlled by USCI - output)
PM_UCA0SIMO USCI_A0 SPI slave in master out (direction controlled by USCI)
PM_UCA0CLK USCI_A0 clock input/output (direction controlled by USCI)
PM_UCA0STE USCI_A0 SPI slave transmit enable (direction controlled by USCI)
PM_UCB0SOMI USCI_B0 SPI slave out master in (direction controlled by USCI)
PM_UCB0SCL USCI_B0 I2C clock (open drain and direction controlled by USCI
PM_UCB0SIMO USCI_B0 SPI slave in master out (direction controlled by USCI)
PM_UCB0SDA USCI_B0 I2C data (open drain and direction controlled by USCI)
PM_UCB0CLK USCI_B0 clock input/output (direction controlled by USCI)
PM_UCB0STE USCI_B0 SPI slave transmit enable (direction controlled by USCI)
PM_ANALOG Disables the output driver and the input Schmitt-trigger to prevent parasitic cross currents when applying

analog signals
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1.3 Port Mapping Controller Registers
The control register for the port mapping controller are listed in Table 1-2. The mapping registers are listed
in Table 1-3. The mapping registers can also be accessed as words, as shown in Table 1-4.

Table 1-2. Port Mapping Control Registers

Offset Acronym Register Name Type Reset
00h PMAPKEYID Port mapping key register Read/write Reset with PUC
02h PMAPCTL Port mapping control register Read/write Reset with PUC

Table 1-3. Port Mapping Registers for Port Px – Byte Access

Offset Acronym Register Name Type Reset
00h PxMAP0 Port Px.0 mapping register Read/write Device dependent
01h PxMAP1 Port Px.1 mapping register Read/write Device dependent
02h PxMAP2 Port Px.2 mapping register Read/write Device dependent
03h PxMAP3 Port Px.3 mapping register Read/write Device dependent
04h PxMAP4 Port Px.4 mapping register Read/write Device dependent
05h PxMAP5 Port Px.5 mapping register Read/write Device dependent
06h PxMAP6 Port Px.6 mapping register Read/write Device dependent
07h PxMAP7 Port Px.7 mapping register Read/write Device dependent

Table 1-4. Port Mapping Registers for Port Px – Word Access

Offset Acronym Register Name Type Reset
00h PxMAP01 Port Px.0/Port Px.1 mapping register Read/write Device dependent
02h PxMAP23 Port Px.2/Port Px.3 mapping register Read/write Device dependent
04h PxMAP45 Port Px.4/Port Px.5 mapping register Read/write Device dependent
06h PxMAP67 Port Px.6/Port Px.7 mapping register Read/write Device dependent
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1.3.1 PMAPKEYID Register
Port Mapping Key Register

Figure 1-1. PMAPKEYID Register
15 14 13 12 11 10 9 8

PMAPKEYx

7 6 5 4 3 2 1 0
PMAPKEYx

Table 1-5. PMAPKEYID Register Description

Bit Field Type Reset Description
15-0 PMAPKEYx RW 96A5h Port write access key. Always reads 096A5h. Must be written 02D52h for write

access to the port mapping registers.

1.3.2 PMAPCTL Register
Port Mapping Control Register

Figure 1-2. PMAPCTL Register
15 14 13 12 11 10 9 8

Reserved
r0 r0 r0 r0 r0 r0 r0 r0

7 6 5 4 3 2 1 0
Reserved PMAPRECFG PMAPLOCKED

r0 r0 r0 r0 r0 r0 rw-0 r-1

Table 1-6. PMAPCTL Register Description

Bit Field Type Reset Description
15-2 Reserved R 0h Reserved. Always reads as 0.
1 PMAPRECFG RW 0h Port mapping reconfiguration control bit

0b = Configuration allowed only once
1b = Allow reconfiguration of port mapping

0 PMAPLOCKED R 1h Port mapping lock bit. Read only
0b = Access to mapping registers is granted
1b = Access to mapping registers is locked

1.3.3 PxMAPy Register
Port Px.y Mapping Register

(1) If not all bits are required to decode all provided functions, the unused bits are r0.

Figure 1-3. PxMAPy Register
7 6 5 4 3 2 1 0

PMAPx
rw-0 (1) rw-0 (1) rw-0 (1) rw-0 (1) rw-0 (1) rw-0 (1) rw-0 (1) rw-0 (1)

Table 1-7. PxMAPy Register Description

Bit Field Type Reset Description
7-0 PMAPx RW 0h Selects secondary port function. Settings are device-dependent; see the device-

specific data sheet.
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