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PIC32 Family Reference Manual

Note:  This family reference manual section is meant to serve as a complement to device
data sheets. Depending on the device variant, this manual section may not apply to
all PIC32 devices.

Please consult the note at the beginning of the “Parallel Master Port (PMP)”
chapter in the current device data sheet to check whether this document supports
the device you are using.

Device data sheets and family reference manual sections are available for
download from the Microchip Worldwide Web site at: http://www.microchip.com

13.1 INTRODUCTION

The Parallel Master Port (PMP) is a parallel 8-bit/16-bit /0O module specifically designed to
communicate with a wide variety of parallel devices such as communications peripherals, LCDs,
external memory devices and microcontrollers. Because the interfaces to parallel peripherals
vary significantly, the PMP module is highly configurable.

Key features of the PMP module include:

* Up to 16 programmable address lines
* Up to two Chip Select lines
* Programmable strobe options

- Individual read and write strobes, or

- Read/write strobe with enable strobe
» Address auto-increment/auto-decrement
* Programmable address/data multiplexing
« Programmable polarity on control signals
» Legacy parallel slave port support
« Enhanced parallel slave support

- Address support

- 4 bytes deep, auto-incrementing buffer
e Schmitt Trigger or TTL input buffers
* Programmable Wait states
» Freeze option for in-circuit debugging

Figure 13-1:  PMP Module Pinout and Connections to External Devices
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Note 1. The PMD<15:8> data pins are only available on PIC32 devices with 100 or more pins.
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13.2 CONTROL REGISTERS

The PMP module uses these Special Function Registers (SFRs):
« PMCON: Parallel Port Control Register

This register contains the bits that control much of the module’s basic functionality. A key bit
is the ON control bit, which is used to Reset, enable or disable the module.

When the module is disabled, all of the associated 1/O pins revert to their designated /O
function. In addition, any read or write operations active or pending are stopped, and the
BUSY bit is cleared. The data within the module registers is retained, including the data in
PMSTAT register. Therefore, the module could be disabled after a reception, and the last
received data and status would still be available for processing.

When the module is enabled, all buffer control logic is reset, along with PMSTAT.

All other bits in PMCON control address multiplexing enable various port control signals, and
select control signal polarity. These are discussed in detail in 13.3.1 “Parallel Master Port
Configuration Options”.

« PMMODE: Parallel Port Mode Register

This register contains bits that control the operational modes of the module. Master/Slave
mode selection and configuration options for both modes, are set by this register. It also
contains the universal status flag, BUSY, which is used in master modes to indicate that an
operation by the module is in progress.

Details on the use of the PMMODE bits to configure PMP operation are provided in
13.3 “Master Modes of Operation” and 13.4 “ Slave Modes of Operation”.

« PMADDR: Parallel Port Address Register

This register functions as PMADDR in master modes. It contains the address to which
outgoing data is to be written, as well as the Chip Select control bits for addressing parallel
slave devices. The PMADDR register is not used in any of the Slave modes.

 PMDOUT: Parallel Port Data Output Register
This register is used only in Slave mode for buffered output data.
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* PMDIN: Parallel Port Data Input Register
This register is used by the PMP module in both Master and Slave modes.

In Slave mode, this register is used to hold data that is asynchronously clocked in. Its
operation is described in 13.4.2 “Buffered Parallel Slave Port Mode”.

In Master mode, PMDIN is the holding register for both incoming and outgoing data. Its
operation in Master mode is described in 13.3.3 “Read Operation” and 13.3.4 “Write
Operation”.

« PMAEN: Parallel Port Pin Enable Register

This register controls the operation of address and Chip Select pins associated with the PMP
module. Setting these bits allocates the corresponding microcontroller pins to the PMP
module; clearing the bits allocates the pins to port /O or other peripheral modules
associated with the pin.

* PMSTAT: Parallel Port Status Register (Slave modes only)

This register contains status bits associated with buffered operating modes when the port is
functioning as a slave port. This includes overflow, underflow and full flag bit.

These flags are discussed in detail in 13.4.2 “Buffered Parallel Slave Port Mode”.
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13.2.1 PMP SFRs Summary

Table 13-1 provides a brief summary of all PMP-module-related registers. Corresponding
registers appear after the summary with a detailed description of each bit.

Table 13-1: PMP SFRs Summary

Name Bit Bit Bit Bit Bit Bit Bit Bit
31/23/15/7 | 30/22/14/6 | 29/21/13/5 | 28/20/12/4 | 27/19/11/3 | 26/18/10/2 | 25/17/9/1 | 24/16/8/0
PMCON{:2:3) 31:24 = = = = = = = =
23:16 — — — — — — — —
15:8 ON — SIDL ADRMUX<1:0> PMPTTL | PTWREN | PTRDEN
7:0 CSF<1:0> ALP CS2pP CS1P — WRSP RDSP
PMMODE1:23) | 31:24 — — — — — — — —
23:16 — — — — — — — —
15:8 BUSY IRQM<1:0> INCM<1:0> MODE16 MODE<1:0>
7:0 WAITB<1:0> WAITM<3:0> WAITE<1:0>
PMADDR®:2:3) 31:24 — — — — — — — —
23:16 — — — — — — — —
15:8 | CS2/A15 | CS1/A14 ADDR<13:8>
7:0 ADDR<7:0>
PMDOUT®:2:3) 31:24 DATAOUT<31:24>
23:16 DATAOUT<23:16>
15:8 DATAOUT<15:8>
7:0 DATAOUT<7:0>
PMDIN®:23) 31:24 DATAIN<31:24>
23:16 DATAIN<23:16>
15:8 DATAIN<15:8>
7.0 DATAIN<7:0>
PMAEN(1:2.3) 31:24 — — — — — — — —
23:16 — — — — — — — —
15:8 PTEN<15:8>
7:0 PTEN<7:0>
PMSTAT 31:24 — — — — — — — —
23:16 — — — — — — — —
15:8 IBF IBOV — — IB3F IB2F IB1F IBOF
7:0 OBE OBUF — — OB3E OB2E OB1E OBOE
Legend: — =unimplemented, read as ‘0’. Address offset values are shown in hexadecimal.

Note 1: This register has an associated Clear register at an offset of 0x4 bytes. The Clear register has the same name with CLR
appended to the register name (e.g., PMCONCLR). Writing a ‘1’ to any bit position in the Clear register will clear valid
bits in the associated register. Reads from the Clear register should be ignored.

2: This register has an associated Set register at an offset of 0x8 bytes. The Set register has the same name with SET
appended to the register name (e.g., PMCONSET). Writing a ‘1’ to any bit position in the Set register will set valid bits in
the associated register. Reads from the Set register should be ignored.

3:  This register has an associated Invert register at an offset of 0XC bytes. The Invert register has the same name with INV
appended to the register name (e.g., PMCONINV). Writing a ‘1’ to any bit position in the Invert register will invert valid
bits in the associated register. Reads from the Invert register should be ignored.
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Register 13-1: PMCON: Parallel Port Control Register

Bit Bit Bit Bit Bit Bit Bit Bit Bit
Range | 31/23/15/7 | 30/22/14/6 | 29/21/13/5 | 28/20/12/4 | 27/19/11/3 | 26/18/10/2 | 25/17/9/1 | 24/16/8/0
U-0 U-0 u-0 u-0 U-0 U-0 U-0 U-0
31:24 — — — — — — — —
u-0 u-0 u-0 u-0 u-0 u-0 u-0 u-0
23:16
158 R/W-0 u-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
' oN®D — SIDL ADRMUX<1:0> PMPTTL PTWREN | PTRDEN
20 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 u-0 R/W-0 RIW-0
' CSF<1:0>®@ ALP® cs2P@ | cs1P®@ — WRSP RDSP
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown

bit 31-16 Unimplemented: Write ‘0’; ignore read
bit 15  ON: Parallel Master Port Enable bit(?)
1= PMP enabled
0 = PMP disabled, no off-chip access performed
bit 14 Unimplemented: Write ‘0’; ignore read
bit 13 SIDL: Stop in Idle Mode bit
1 = Discontinue module operation when device enters Idle mode
0 = Continue module operation in Idle mode
bit 12-11 ADRMUX<1:0>: Address/Data Multiplexing Selection bits
11 = All 16 bits of address are multiplexed on PMD<15:0> pins
10 = All 16 bits of address are multiplexed on PMD<7:0> pins
01 = Lower 8 bits of address are multiplexed on PMD<7:0> pins, upper 8 bits are on PMA<15:8>
00 = Address and data appear on separate pins
bit 10 PMPTTL: PMP Module TTL Input Buffer Select bit
1 = PMP module uses TTL input buffers
0 = PMP module uses Schmitt Trigger input buffer
bit 9 PTWREN: Write Enable Strobe Port Enable bit
1= PMWR/PMENB port enabled
0 = PMWR/PMENB port disabled
bit 8 PTRDEN: Read/Write Strobe Port Enable bit
1= PMRD/PMWR port enabled
0 = PMRD/PMWR port disabled
bit 7-6  CSF<1:0>: Chip Select Function bits(®)
11 = Reserved
10 = PMCS2 and PMCS1 function as Chip Select
01 = PMCS2 functions as Chip Select, PMCSL1 functions as address bit 14
00 = PMCS2 and PMCSL1 function as address bits 15 and 14
bit 5 ALP: Address Latch Polarity bit(®
1 = Active-high (PMALL and PMALH)
0 = Active-low (PMALL and PMALH)
bit 4 CS2P: Chip Select 1 Polarity bit®
1 = Active-high (PMCS2)
0 = Active-low (PMCS2)
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Note 1. When using 1:1 PBCLK divisor, the user’s software should not read/write the peripheral’'s SFRs in the
SYSCLK cycle immediately following the instruction that clears the module’s ON control bit.

2. These bits have no effect when it's corresponding pin is used as an address line.
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Register 13-1: PMCON: Parallel Port Control Register (Continued)
bit 3 CS1P: Chip Select 0 Polarity bit(?
1 = Active-high (PMCS1)
0 = Active-low (PMCS1)
bit 2 Unimplemented: Write ‘0’; ignore read
bit 1 WRSP: Write Strobe Polarity bit
For Slave Modes and Master mode 2 (PMMODE<9:8> = 00,01,10):
1 = Write strobe active-high (PMWR)
0 = Write strobe active-low (PMWR)
For Master mode 1 (PMMODE<9:8> = 11):

1 = Enable strobe active-high (PMENB)
0 = Enable strobe active-low (PMENB)

bit 0 RDSP: Read Strobe Polarity bit
For Slave modes and Master mode 2 (PMMODE<9:8> = 00,01,10):
1 = Read strobe active-high (PMRD)
0 = Read strobe active-low (PMRD)
For Master mode 1 (PMMODE<9:8> = 11):

1 = Read/write strobe active-high (PMRD/PMWR)
0 = Read/write strobe active-low (PMRD/PMWR)

Note 1: When using 1:1 PBCLK divisor, the user’s software should not read/write the peripheral’'s SFRs in the
SYSCLK cycle immediately following the instruction that clears the module’s ON control bit.

2: These bits have no effect when it's corresponding pin is used as an address line.
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Register 13-2:

PMMODE: Parallel Port Mode Register

Bit Bit Bit Bit Bit Bit Bit Bit Bit
Range | 31/23/15/7 | 30/22/14/6 | 29/21/13/5 | 28/20/12/4 | 27/19/11/3 | 26/18/10/2 | 25/17/9/1 | 24/16/8/0
u-0 U-0 u-0 u-0 u-0 u-0 u-0 U-0
31:24 — — — — — — — —
U-0 uU-0 U-0 U-0 U-0 U-0 U-0 uU-0
23:16
158 R-0 RIW-0 RIW-0 RIW-0 RIW-0 RIW-0 RIW-0 RIW-0
' BUSY IRQM<1:0> INCM<1:0> MODE16 MODE<1:0>
70 R/W-0 R/W-0 R/W-0 RW-0 | RMW-0 R/W-0 RW-0 |  RMW-0
' WAITB<1:0>1 WAITM<3:0>(D) WAITE<1:0>(D
Legend:

R = Readable bit
-n = Value at POR

W = Writable bit
‘1’ = Bit is set

U = Unimplemented bit, read as ‘0’
‘0’ = Bitis cleared X = Bit is unknown

bit 31-16
bit 15

bit 14-13

bit 12-11

bit 10

bit 9-8

bit 7-6

Note 1:

Unimplemented: Write ‘0’; ignore read

BUSY: Busy bit (Master mode only)

1= Portis busy

0 = Portis not busy

IRQM<1:0>: Interrupt Request Mode bits

11 = Reserved, do not use

10 = Interrupt generated when Read Buffer 3 is read or Write Buffer 3 is written (Buffered PSP mode),
or on a read or write operation when PMA<1:0> = 11 (Addressable Slave mode only)

01 = Interrupt generated at the end of the read/write cycle

00 = No Interrupt generated

INCM<1:0>: Increment Mode bits

11 = Slave mode read and write buffers auto-increment (PMMODE<1:0> = 00 only)

10 = Decrement ADDR<15:0> by 1 every read/write cycle(®)

01 = Increment ADDR<15:0> by 1 every read/write cycle(2'4)

00 = No increment or decrement of address

MODE16: 8/16-bit Mode bit

1 = 16-bit mode: a read or write to the data register invokes a single 16-bit transfer

0 = 8-bit mode: a read or write to the data register invokes a single 8-bit transfer

MODE<1:0>: Parallel Port Mode Select bits

11 = Master mode 1 (PMCSx, PMRD/PMWR, PMENB, PMA<x:0>, PMD<7:0> and PMD<8:15>())

10 = Master mode 2 (PMCSx, PMRD, PMWR, PMA<x:0>, PMD<7:0> and PMD<8:15>(3))

01 = Enhanced Slave mode, control signals (PMRD, PMWR, PMCS, PMD<7:0> and PMA<1:0>)

00 = Legacy Parallel Slave Port, control signals (PMRD, PMWR, PMCS and PMD<7:0>)

WAITB<1:0>: Data Setup to Read/Write Strobe Wait States bits(1)

11 = Data wait of 4 TpB; multiplexed address phase of 4 TrB

10 = Data wait of 3 TpB; multiplexed address phase of 3 TrB

01 = Data wait of 2 TpB; multiplexed address phase of 2 TPB

00 = Data wait of 1 TpB; multiplexed address phase of 1 TpB (default)

When WAITM<3:0> = 0000, the WAITB and WAITE bits are ignored and forced to 1 TPBCLK cycle for a
write operation; WAITB = 1 TpBCLK cycle, WAITE = O TPBCLK cycles for a read operation.

Address bit A15 and A14 are not subject to auto-increment/decrement if configured as Chip Select CS2
and CS1.

These pins are active when MODE16 = 1 (16-bit mode).
The PMPADDR register is always incremented/decremented by 1 regardless of the transfer data width.

© 2011 Microchip Technology Inc.
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Register 13-2: PMMODE: Parallel Port Mode Register (Continued)
bit5-2  WAITM<3:0>: Data Read/Write Strobe Wait States bits(?)
1111 = Wait of 16 TPB

0001 = Wait of 2 TPB
0000 = Wait of 1 Tpe (default)
bit 1-0 WAITE<1:0>: Data Hold After Read/Write Strobe Wait States bits(®)
11 = Wait of 4 TrB
10 = Wait of 3 TpB
01 = Wait of 2 TPB
00 = Wait of 1 TpB (default)

For read operations:

11 = Wait of 3 TpB

10 = Wait of 2 TpPB

01 = Wait of 1 TrB

00 = Wait of 0 TpB (default)

Note 1: When WAITM<3:0> = 0000, the WAITB and WAITE bits are ignored and forced to 1 TPBCLK cycle for a
write operation; WAITB = 1 TpacLK cycle, WAITE = O TPeCLK cycles for a read operation.

2: Address bit A15 and Al4 are not subject to auto-increment/decrement if configured as Chip Select CS2
and CS1.

3: These pins are active when MODE16 = 1 (16-bit mode).
4: The PMPADDR register is always incremented/decremented by 1 regardless of the transfer data width.
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PMADDR: Parallel Port Address Register

Register 13-3:
Bit Bit Bit Bit Bit Bit Bit Bit Bit
Range | 31/23/15/7 | 30/22/14/6 | 29/21/13/5 | 28/20/12/4 | 27/19/11/3 | 26/18/10/2 25/17/9/1 24/16/8/0
U-0 uU-0 uU-0 U-0 U-0 U-0 U-0 uU-0
31:24
U-0 uU-0 U-0 U-0 U-0 U-0 U-0 uU-0
23:16
158 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
CSs2 Cs1 ADDR<13:8>
7:0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
ADDR<7:0>
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bitis set ‘0’ = Bit is cleared X = Bit is unknown

bit 31-16 Unimplemented: Write ‘0’; ignore read

bit 15 CS2: Chip Select 2 bit

1 = Chip Select 2 is active

0 = Chip Select 2 is inactive (pin functions as PMA<15>)
bit 14 CS1: Chip Select 1 hit

1 = Chip Select 1 is active
0 = Chip Select 1 is inactive (pin functions as PMA<14>)

bit 13-0 ADDR<13:0>: Destination Address bits )
o Q
=
o
jag)
==
Q
Twnw
N —+
Register 13-4: PMDOUT: Parallel Port Data Output Register @
Bit Bit Bit Bit Bit Bit Bit Bit Bit
Range | 31/23/15/7 | 30/22/14/6 | 29/21/13/5 | 28/20/12/4 | 27/19/11/3 | 26/18/10/2 25/17/9/1 24/16/8/0
31:24 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
' DATAOUT<31:24>
93:16 RwWo | Rw-0 [ RwW-0 | RW-0 [ RW-0 | RW-0 | RW-O0 [ RMWO
’ DATAOUT<23:16>
158 RwWo | Rw-0 [ Rw-0 | RW-0 [ RW-0 | RW-0 | RW-O0 [ RWO
' DATAOUT<15:8>
0 Rwo | Rw-0 [ Rw-0 | RW-0 [ RW-0 | RW-0 | RW-0 [ RWO
’ DATAOUT<7:0>
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bitis set ‘0’ = Bitis cleared X = Bit is unknown

bit 31-0 DATAOUT<31:0>: Output Data Port bits for 8-bit write operations in Slave mode

© 2011 Microchip Technology Inc. DS61128F-page 13-9
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Register 13-5:  PMDIN: Parallel Port Data Input Register

Bit Bit Bit Bit Bit Bit Bit Bit Bit
Range | 31/23/15/7 | 30/22/14/6 | 29/21/13/5 | 28/20/12/4 | 27/19/11/3 | 26/18/10/2 | 25/17/9/1 | 24/16/8/0
' RIW-0 RIW-0 R/W-0 RIW-0 RIW-0 RIW-0 RIW-0 R/W-0
31:24 DATAIN<31:24>
9316 Rwo | Rw-0 [ Rw-0 | RW-0 [ RW-0 | RW-0 | RW-O0 [ RWO
DATAIN<23:16>
158 RW0 | rRw-o | Rw-0 | RWO0 [ RWo0 | RwW0 | RW-0 | RW-O
DATAIN<15:8>
70 Rwo | Rw-0 [ Rw-0 | RW-0 [ RW-0 | RW-0 | RW-O0 [ RMWO
' DATAIN<7:0>
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown

bit 31-0 DATAIN<31:0>: Input/Output Data Port bits for 8-bit or 16-bit read/write operations in Master mode Input
Data Port for 8-bit read operations in Slave mode.

Register 13-6: PMAEN: Parallel Port Pin Enable Register

Bit Bit Bit Bit Bit Bit Bit Bit Bit
Range | 31/23/15/7 | 30/22/14/6 | 29/21/13/5 | 28/20/12/4 | 27/19/11/3 | 26/18/10/2 25/17/9/1 24/16/8/0
U-0 uU-0 u-0 U-0 U-0 U-0 U-0 u-0
31:24
U-0 uU-0 U-0 U-0 U-0 U-0 U-0 uU-0
23:16
158 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
’ PTEN<15:14> PTEN<13:8>
7:0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
’ PTEN<7:2> PTEN<1:0>
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared X = Bit is unknown

bit 31-16 Unimplemented: Write ‘0’; ignore read
bit 15-14 PTEN<15:14>: PMCSx Strobe Enable bits

1 = PMA15 and PMAZ14 function as either PMA<15:14> or PMCS2 and PMCS1®)
0 = PMAL15 and PMA14 function as port I/O

bit 13-2 PTEN<13:2>: PMP Address Port Enable bits

1 = PMA<13:2> function as PMP address lines
0 = PMA<13:2> function as port /O

bit 1-0 PTEN<1:0>: PMALH/PMALL Strobe Enable bits

1 = PMA1 and PMAO function as either PMA<1:0> or PMALH and PMALL®
0 = PMAL1 and PMAO pads function as port I1/0O

Note 1: The use of these pins as PMA15/PMA14 or CS2/CS1 is selected by the CSF<1:0> bits (PMCON<7:6>).

2. The use of these pins as PMA1/PMAO or PMALH/PMALL depends on the Address/Data Multiplex mode
selected by the ADRMUX<1:0> bits in the PMCON register.
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Register 13-7:

PMSTAT: Parallel Port Status Register (Slave modes only)

R = Readable bit
-n = Value at POR

W = Writable bit

‘1’ = Bit is set

U = Unimplemented bit, read as ‘0’
‘0’ = Bitis cleared

Bit Bit Bit Bit Bit Bit Bit Bit Bit
Range | 31/23/15/7 | 30/22/14/6 | 29/21/13/5 | 28/20/12/4 | 27/19/11/3 | 26/18/10/2 | 25/17/9/1 | 24/16/8/0
U-0 U-0 U0 U-0 U-0 U-0 U-0 U-0
31:24 — — — — — — — —
u-0 u-0 u-o u-0 u-0 u-0 u-0 u-0
23:16
158 R-0 R/W-0 u-0 u-0 R-0 R-0 R-0 R-0
' IBF IBOV — — IB3F IB2F IB1F IBOF
70 R-1 R/W-0 u-0 u-0 R-1 R-1 R-1 R-1
: OBE OBUF — — OB3E OB2E OB1E OBOE
Legend:

X = Bit is unknown

bit 31-16 Unimplemented: Write ‘0’; ignore read
IBF: Input Buffer Full Status bit

1 = All writable input buffer registers are full
0 = Some or all of the writable input buffer registers are empty

IBOV: Input Buffer Overflow Status bit
1 = A write attempt to a full input byte buffer occurred (must be cleared in software)

bit 15

bit 14

bit 13-12
bit 11-8

bit 7

bit 6

bit 5-4
bit 3-0

0 = No overflow occurred

This bit is set (= 1) in hardware; can only be cleared (= 0) in software.
Unimplemented: Write ‘0’; ignore read
IBnF: Input Buffer n Status Full bits

1 = Input Buffer contains data that has not been read (reading buffer will clear this bit)
0 = Input Buffer does not contain any unread data
OBE: Output Buffer Empty Status bit

1 = All readable output buffer registers are empty
0 = Some or all of the readable output buffer registers are full

OBUF: Output Buffer Underflow Status bit
1 = Aread occurred from an empty output byte buffer (must be cleared in software)

0 = No underflow occurred
This bit is set (= 1) in hardware; can only be cleared (= 0) in software.

Unimplemented: Write ‘0’; ignore read
OBNE: Output Buffer n Status Empty bits

1 = Output buffer is empty (writing data to the buffer will clear this bit)
0 = Output buffer contains data that has not been transmitted

© 2011 Microchip Technology Inc.
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13.3 MASTER MODES OF OPERATION

In its master modes, the PMP module can provide a 8-bit or 16-bit data bus, up to 16 bits of
address, and all the necessary control signals to operate a variety of external parallel devices
such as memory devices, peripherals and slave microcontrollers. The PMP master modes
provide a simple interface for reading and writing data, but not executing program instructions
from external devices, such as SRAM or Flash memories.

Because there are a number of parallel devices with a variety of control methods, the PMP
module is designed for flexibility to accommodate a range of configurations. Some of these
features include:

» 8-bit and 16-bit data modes

» Configurable address/data multiplexing

« Up to two Chip Select lines

» Up to 16 selectable address lines

» Address auto-increment and auto-decrement

» Selectable polarity on all control lines

« Configurable Wait states at different stages of the read/write cycle

13.3.1 Parallel Master Port Configuration Options

13.3.1.1 8-BIT AND 16-BIT DATA MODES

The PMP in Master mode supports data with widths of 8 and 16 bits. By default, the data width
is 8 bits wide, MODE16 bit (PMMODE<10>) =0. To select a data width of 16 bits, set
MODE16 = 1. When configured in 8-bit Data mode, the upper 8 bits of the data bus, PMD<15:8>,
are not controlled by the PMP module and are available as general purpose 1/O pins.

Note: The PMD<15:0> data pins are available on PIC32 devices with 100 or more pins.
For 64-pin device variants, only pins PMD<7:0> are available. For details, refer to
the specific PIC32 device data sheet.

13.3.1.2 CHIP SELECT

Two Chip Select lines, PMCS1 and PMCS2, are available for master modes. These lines are
multiplexed with the Most Significant bits (MSbs) of the address bus A14 and A15. When a pin
is configured as a Chip Select, it is not included in any address auto-increment/decrement. It is
possible to enable both PMCS2 and PMCS1 as Chip Selects, or enable only PMCS2 as a Chip
Select, allowing PMCS1 to function strictly as address line Al4. It is not possible to enable
PMCSL1 alone. The Chip Select signals are configured using the Chip Select Function bits
CSF<1:0> (PMCON<7:6>).

Table 13-2: Chip Select Control

CSF<1:0> Function
10 PMCS2, PMCSL1 = Enabled
01 PMCS2 = Enabled, PMCS1 = Al4
00 PMCS2 = A15, PMCS1 = Al14

13.3.1.3 PORT PIN CONTROL

There are several bits available to configure the presence or absence of control and address
signals in the module. These bits are PTWREN (PMCON<9>), PTRDEN (PMCON<8>) and
PTEN<15:0> (PMAEN<15:0>). They provide the ability to conserve pins for other functions and
allow flexibility to control the external address. When any one of these bits is set, the associated
function is present on its associated pin; when clear, the associated pin reverts to its defined 1/0
port function.

Setting a PTEN bit will enable the associated pin as an address pin and drive the corresponding
data contained in the PMADDR register. Clearing any PTEN bit will force the pin to revert to its
original 1/0O function.

DS61128F-page 13-12
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Section 13. Parallel Master Port (PMP)

For the pins configured as Chip Select (PMCS1 or PMCS2) with the corresponding PTEN bit set,
Chip Select pins drive inactive data when a read or write operation is not being performed. The
PTENO and PTENL1 bits also control the PMALL and PMALH signals. When multiplexing is used,
the associated address latch signals should be enabled. For I/O pin configuration, see 13.11 “1/O
Pin Control”.

13.3.1.4 READ/WRITE CONTROL

The PMP module supports two distinct read/write signaling methods. In Master mode 1, read and
write strobe are combined into a single control line, PMRD/PMWR; a second control line,
PMENB, determines when a read or write action is to be taken. In Master mode 2, read and write
strobes (PMRD and PMWR) are supplied on separate pins.

13.3.1.5 CONTROL LINE POLARITY

All control signals (PMRD, PMWR, PMENB, PMALL, PMALH, PMCS1 and PMCS2) can be
individually configured for either positive or negative polarity. Configuration is controlled by
separate bits in the PMCON register, as shown in Table 13-3.

Table 13-3: Pin Polarity Configuration

Control PMCON Active-High Active-Low
Pin Control Bit Select Select
PMRD RDSP 1 0]
PMWR WRSP 1
PMALL ALP 1 0
PMALH ALP 1 0]
PMCS1 CsS1P 1 0 o
PMCS2 Cs2p 1 0 -2
o
Note:  The polarity of control signals that share the same output pin (for example, PMWR /_-a @
and PMENB) are controlled by the same bit; the configuration depends on which = <
Master Port mode is being used. o 8
N —+
@

13.3.1.6 AUTO-INCREMENT/DECREMENT

While the PMP module is operating in one of the master modes, the INCM<1:0> bits
(PMMODE<12:11>) control the behavior of the address value. The address in the PMADDR
register can be made to automatically increment or decrement by 1, regardless of the transfer
data width, after each read and write operation is completed, and the BUSY bit (PMMODE<15>)

goes to ‘0.
Table 13-4: Address INC/DEC Control
INCM<1:0> Function
10 Decrement every R/W cycle
01 Increment every R/W cycle
00 No Increment — No Decrement

If the Chip Select signals are disabled and configured as address bits, the bits will participate in
the increment and decrement operations; otherwise, CS2 and CS1 bit values will be unaffected.

© 2011 Microchip Technology Inc. DS61128F-page 13-13
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13.3.1.7 WAIT STATES

In Master mode, the user can control the duration of the read, write and address cycles by
configuring the module Wait states. One Wait state period is equivalent to one peripheral bus
clock cycle, TpBCLK. Figure 13-2 is an example of a Master mode 2 Read operation using Wait
states.

Figure 13-2:  Read Operation, Wait States Enabled

] TPB | TPB | TPB | TPB | TPB | TPB | TrB | TPB |

\ |

PMCS2/PMCS1 /

T e M
: — e
PMRD 5 - A S
PMWR | 5 : 5 : 5 : 5

Legend:
B = WAITB<1:0> = 01 (2 Wait states)
M = WAITM<3:0> = 0010 (3 Wait states)
E = WAITE<1:0> = 01 (1 Wait state)

Note:  If WAITM<3:0> = 0000, M is forced to 1 TpBCLK, WAITB is ignored (B forced
to 1 TpBCLK), and WAITE is ignored (E forced to O TPBCLK).

Wait states can be added to the beginning, middle and end of any read or write cycle using the
corresponding WAITB, WAITM and WAITE bits in the PMMODE register.

The WAITB<1:0> bits (PMMODE<7:6>) define the number of wait cycles for the data setup prior
to the PMRD/PMWR strobe in Mode 10, or prior to the PMENB strobe in Mode 11. When
multiplexing the address and data bus, ADRMUX<1:0> bits (PMCON<12:11>) = 01, 10 or 11,
WAITB defines the number of wait cycles for which the addressing period is extended.

The WAITM<3:0> bits (PMMODE<5:2>) define the number of wait cycles for the PMRD/PMWR
strobe in Mode 10, or for the PMENB strobe in Mode 11. When this Wait state setting is ‘0000,
WAITB and WAITE are ignored. The number of Wait states for the data setup time (WAITB)
defaults to one, while the number of Wait states for data hold time (WAITE) defaults to one during
a write operation and zero during a read operation.

The WAITE<1:0> bits (PMMODE<1:0>) define the number of wait cycles for the data hold time
after the PMRD/PMWR strobe in Mode 10, or after the PMENB strobe in Mode 11.

13.3.1.8 ADDRESS MULTIPLEXING

Address multiplexing allows some or all address line signals to be generated from the data bus
during the address cycle of a read/write operation. This can be a useful option for address lines
PMA<15:0> needed as general purpose I/O pins. The user application can select to multiplex the
lower 8 data bits, upper 8 data bits or full 16 data bits. These multiplexing modes are available in
both Master mode 1 and 2. For Multiplexing mode timing diagrams, see 13.3.8 “Master Mode
Timing”.

Table 13-5: Address Multiplex Configurations

ADRMUX<1:0> Address/Data Multiplex Modes
11 Fully multiplexed (16 data pins PMD<15:0>)
10 Fully multiplexed (lower eight data pins PMD<7:0>)
o1 Partially multiplexed (lower eight data pins PMD<7:0>)
00 Demultiplexed

DS61128F-page 13-14
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Section 13. Parallel Master Port (PMP)

13.3.1.8.1 Demultiplexed Mode

Demultiplexed mode is selected by configuring the ADRMUX<1:0> bits (PMCON<12:11>) = 00.
In this mode, address bits are presented on pins PMA<15:0>.

When PMCS2 is enabled, address pin PMALS5 is not available. When PMCSL1 is enabled,
address pin PMA14 is not available.

In 16-bit Data mode, data bits are presented on pins PMD<15:0>. In 8-bit Data mode, data bits
are presented on pins PMD<7:0>.

Figure 13-3:  Demultiplexed Addressing Mode

Address Bus ——

Data Bus ——

—}@ PMA<13:0> _
Control Lines
HX PMD<7:0>

4—}@ PMD<15:8>

PIC32

ADRMUX<1:0> = 00 @ PMWR

Note 1: Address pin PMA<15> is not available if PMCS2 is enabled.
Address pin PMA<14> is not available if PMCS1 is enabled.

)
. _ . . o9
Figure 13-4:  Demultiplexed Addressing Example oo
_—
Address Bus —— : g
Data Bus ———— g QZ)
Control Lines To
N —+
@
PIC32 32K x 16-bit Device
A<14:0>
PMA<14:0> P A<14:0>
D<15:0>
PMD<15:0> | P |D<15:0>
CE
OE WR
PMCS2
PMRD
PMWR

Note: Master mode 2: MODE<1:0> bits (PMMODE<9:8>) = 10.
16-bit data width: MODE16 bit (PMMODE<10>) = 1.
Partial Multiplexed mode: ADRMUX<1:0> bhits (PMCON<12:11>) = 00.
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13.3.1.8.2 Partially Multiplexed Mode

Partially Multiplexed mode (8-bit data pins) is available in both 8-bit and 16-bit data bus
configurations and is selected by setting the ADRMUX<1:0> bits (PMCON<12:11>) = 01. In this
mode, the lower eight address bits are multiplexed with the lower eight data bus pins, PMD<7:0>.
The upper eight address bits are unaffected and are presented on PMA<15:8>. In this mode,
address pins PMA<7:1> are available as general purpose I/O pins.

Address pin PMA15 is not available when PMCS?2 is enabled; address pin PMA14 is not
available when PMCS1 is enabled.

Address pin PMA<0> is used as an address latch enable strobe, PMALL, during which the lower
eight bits of the address are presented on the PMD<7:0> pins. Read and write sequences are
extended by at least three peripheral bus clock cycles (TPBCLK).

If WAITM<3:0> (PMMODE<5:2>) is non-zero, the PMALL strobe will be extended by
WAITB<1:0> (PMMODE<7:6>) Wait states.

Figure 13-5:  Partial Multiplexed Addressing Mode

Address Bus

PIC32 | @ PMA<13:8> Multiplexed Address/Data Bus

Data Bus ——

@ PMD<7:0>  Control Lines

4—}% PMD<15:8>

| See Note 1 |

4& IPMA15/PMCS2 I
4& PMAO/PMALL
4|X| PMRD

ADRMUX<1:0> =01 K PMWR

Note 1: Address pin PMA<15> is not available if PMCS2 is enabled.
Address pin PMA<14> is not available if PMCSL1 is enabled.

Figure 13-6:  Partial Multiplexed Addressing Example

Address Bus ——

Data Bus ——
Control Lines
PIC32 . .
PMALL 32K x 16-bit Device
D<7:0> A<7:0>
PMD<15:0> |« ? P 373 yy P A<14:0>
D<15:0> »| <150
A<14:8>
PMA<14:8>
P CE
PMCS2 OE WR
PMRD /I\
PMWR

Note: Master mode 2: MODE<1:0> bits (PMMODE<9:8>) = 10.
16-bit data width: MODE16 bit (PMMODE<10>) = 1.
Partial Multiplexed mode: ADRMUX<1:0> bits (PMCON<12:11>) = 01.
The 373 shown in the diagram represents a generic 74XX family 373 latch.
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13.3.1.8.3 Fully Multiplexed Mode (8-bit Data Pins)

Fully Multiplexed mode (8-bit data pins) is available in both 8-bit and 16-bit data bus
configurations and is selected by setting the ADRMUX<1:0> bits (PMCON<12:11>) = 10. In this
mode, the entire 16 bits of the address are multiplexed with the lower eight data bus pins,
PMD<7:0>. In this mode, PMA<13:2> pins are available as general purpose /O pins.

If PMCS2/PMA15 or PMCS1/PMA14 are configured as Chip Select pins, the corresponding
address bit, PMADDR<15> or PMADDR<14> is automatically forced to ‘O’

Address pins PMA<0> and PMA<1> are used as an address latch enable strobes, PMALL and
PMALH, respectively. During the first cycle, the lower eight address bits are presented on the
PMD<7:0> pins with the PMALL strobe active. During the second cycle, the upper eight address
bits are presented on the PMD<7:0> pins with the PMALH strobe active. The read and write
sequences are extended by at least six peripheral bus clock cycles (TPBCLK).

If WAITM<3:0> (PMMODE<5:2>) is non-zero, both PMALL and PMALH strobes will be extended
by WAITB<1:0> (PMMODE<7:6>) Wait states.

Figure 13-7:  Fully Multiplexed Addressing Mode (8-bit Bus)
Fully Multiplexed Address/Data Bus
PIC32 @ PMD<7:0>  Control Lines

| See Note 1 :
—— P pwmsiemes !
4@ PMAO/PMALL
4@ PMA1/PMALH
—'E PMRD

ADRMUX<1:0> =10 —'E PMWR

Note 1: Address bit PMADDR<15> is forced to ‘O’ when PMCS2 is enabled.
Address bit PMADDR<14> is forced to ‘0’ when PMCS1 is enabled.

o
o8
o
~o
=

s
Twn
A o
@

Figure 13-8:  Fully Multiplexed Address Example (8-bit Bus)

Address Bus ———
Data Bus ————
Control Lines

PIC32 32K x 8-bit Device
PMALL A<T-0>
PMD<7:0> |« == 373 'y P A<14:0>
D<7:0>
< P D<7:0>
CE
A<14:8>
> 373 OE WR
PMALH
PMCS2
PMRD
PMWR

Note: Master mode 2: MODE<1:0> bits (PMMODE<9:8>) = 10.
8-bit data width: MODE16 bit (PMMODE<10>) = 0.
Fully Multiplexed mode: ADRMUX<1:0> bits (PMCON<12:11>) = 10.
The block labeled 373 in the diagram represents a generic 74XX family 373 latch.
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13.3.1.8.4 Fully Multiplexed Mode (16-bit Data Pins)

Fully Multiplexed mode (16-bit data pins) is only available in the 16-bit data bus configuration and
is selected by configuring the ADRMUX<1:0> bits (PMCON<12:11>) = 11. In this mode, the
entire 16 bits of the address are multiplexed with all 16 data bus pins, PMD<15:0>.

If PMCS2/PMA15 or PMCS1/PMA14 are configured as Chip Select pins, the corresponding
address bit, PMADDR<15> or PMADDR<14> is automatically forced to ‘O’

Address pins PMA<0> and PMA<1> are used as an address latch enable strobes, PMALL and
PMALH, respectively, and at the same time. While the PMALL and PMALH strobes are active,
the lower eight address bits are presented on the PMD<7:0> pins and the upper eight address
bits are presented on the PMD<15:8> pins. The read and write sequences are extended by at
least 3 peripheral bus clock cycles (TPBCLK).

If WAITM<3:0> (PMMODE<5:2>) is non-zero, both PMALL and PMALH strobes will be extended
by WAITB<1:0> (PMMODE<7:6>) Wait states.

Figure 13-9:  Fully Multiplexed Addressing Mode (16-bit Bus)

Fully Multiplexed Address/Data Bus
PIC32 PX] pMp<r:0> Control Lines

|E PMD<15:8>

4@ PMAO/PMALL
4% PMA1/PMALH
4@ PMRD
ADRMUX<1:0> = 11 4@ PMWR

Note 1: Address bit PMADDR<15> is forced to ‘0’ when PMCS2 is enabled.
Address bit PMADDR<14> is forced to ‘0’ when PMCSL1 is enabled.

Figure 13-10: Fully Multiplexed Addressing Example (16-bit Bus)

Address Bus —
Data Bus ——
Control Lines

P|C32PMALL 32K x 16-hit Device
D<7:0> A<7:0>
PMD<15:0> (¢ P 373 yy P A<14:0>
< D<15:0> )| D<15:0>
CE
D<15:8> A<14:8>
373 OE WR
PMALH
PMCS2
PMRD
PMWR

Note: Master mode 2: MODE<1:0> bits (PMMODE<9:8>) = 10.
16-bit data width: MODE16 bit (PMMODE<10>) = 1.
Fully Multiplexed mode: ADRMUX<1:0> bits (PMCON<12:11>) = 11.
The 373 shown in the diagram represents a generic 74XX family 373 latch.
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Section 13. Parallel Master Port (PMP)

13.3.2 Master Mode Configuration

The Master mode configuration is determined primarily by the interface requirements to the
external device. Address multiplexing, control signal polarity, data width and Wait states typically
dictate the specific configuration of the PMP.

To use the PMP as a master, the module must be enabled by setting the ON control bit
(PMCON<15>) = 1, and the mode must be set to one of two possible master modes. Control bits
MODE<1:0> (PMMODE<9:8>) = 10 for Master mode 2, or MODE<1:0> = 11 for Master mode 1.

The following Master mode initialization steps properly prepares the PMP port for communicating
with an external device.

1. Ifinterrupts are used, disable the PMP interrupt by clearing the interrupt enable bit, PMPIE
(IEC1<2>) =0.
2. Stop and reset the PMP module by clearing the ON control bit (PMCON<15>) = 0.
Configure the desired settings in the PMCON, PMMODE and PMAEN control registers.
4. |If interrupts are used:
a) Clear the interrupt flag bit, PMPIF (IFS1<2>) = 0.

b) Configure the PMP interrupt priority bits PMPIP<2:0> (IPC7<4:2>) and the interrupt
subpriority bits PMPIS (IPC7<1:0>).

c) Enable the PMP interrupt by setting the interrupt enable bit, PMPIE = 1.
5. Enable the PMP master port by setting the ON control bit = 1.

w

Note: Itis recommended to wait for any pending read or write operation to be completed
before reconfiguring the PMP module.

The following list illustrates an example setup for a typical Master mode 2 operation:

1. Select Master mode 2: MODE<1:0> bits (PMMODE<9:8>) = 10.

2. Select 16-bit Data mode: MODE16 bit (PMMODE<10>) = 0. 3,3
3. Select partially multiplexed addressing: ADRMUX<1:0> bits (PMCON<12:11>) = 01. E_)U ;_J
4. Select auto address increment: INCM<1:0> bits (PMMODE<12:11>) = 01. -~ )
5. Enable Interrupt Request mode: IRQM<1:0> bits (PMMODE<14:13>) = 01. "—6 %
6. Enable PMRD strobe: PTRDEN bit (PMCON<8>) = 1. % 8
7. Enable PMWR strobe: PTWREN bit (PMCON<9>) = 1. ~a
8. Enable PMCS2 and PMCS1 Chip Selects: CSF<1:0> bhits (PMCON<7:6>) = 10. -
9. Select PMRD active-low pin polarity: RDSP bit (PMCON<0>) = 0.

10. Select PMWR active-low pin polarity: WRSP bit (PMCON<1>) = 0.

11. Select PMCS2, PMCS1 active-low pin polarity: CS2P bit (PMCON<4>) = 0 and CS1P hit

(PMCON<3>) = 0.
12. Select 1 wait cycle for data setup: WAITB<1:0> bits (PMMODE<7:6>) = 00.
13. Select 2 wait cycles to extend PMRD/PMWR: WAITM<3:0> bits (PMMODE<5:2>) = 0001.
14. Select 1 wait cycle for data hold: WAITE<1:0> bits (PMMODE<1:0>) = 00.
15. Enable upper 8 PMA<15:8> address pins: PMAEN<15:8> =1 (the lower 8 bits can be
used as general purpose 1/O).

See the code shown in Example 13-1.

Example 13-1: Initialization for Master Mode 2, Demultiplexed Address, 16-bit Data

/* Configuration Example: Master mode 2, 16-bit data, partially multiplexed
address/data, active-lo polarities. */

IEC1CLR = 0x0004 // Disable PMP interrupt

PMCON = 0x0000; // Stop PMP module and clear control register
PMCONSET = 0x0B80; // Configure the addressing and polarities
PMMODE = 0x2A40; // Configure the mode

PMAEN = OxFFOO; // Enable all address and Chip Select lines
IPC7SET = 0x001C; // Set priority level = 7 and

IPC7SET = 0x0003; // Set subpriority level = 3

// Could have also done this in single
// operation by assigning IPC7SET = Ox001F

IEC1SET = 0x0004; // Enable PMP interrupts
PMCONSET = 0x8000; // Enable the PMP module
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13.3.3 Read Operation

To perform a read on the parallel bus, the user application reads the PMDIN register. The effect
of reading the PMDIN register retrieves the current value and causes the PMP to activate the
Chip Select lines and the address bus. The read line PMRD is strobed in Master mode 2,
PMRD/PMWR and PMENB lines in Master mode 1, and the new data is latched into the PMDIN
register making it available the next time the PMDIN register is read.

Note that the read data obtained from the PMDIN register is actually the read value from the
previous read operation. Therefore, the first user application read will be a dummy read to initiate
the first bus read and fill the read register. See Figure 13-11, which illustrates this sequence.
Also, the requested read value will not be ready until after the BUSY bit (PMMODE<15>) is
observed low. Therefore, in a back-to-back read operation, the data read from the register will be
the same for both reads. The next read of the register will yield the new value.

In 16-bit Data mode (MODEL16 bit (PMMODE<10>) = 1), the read from the PMDIN register
causes the data bus PMD<15:0> to be read into PMDIN<15:0>. In 8-bit mode, MODE16 bit
(PMMODE<10>) = 0, the read from the PMDIN register causes the data bus PMD<7:0> to be
read into PMDIN<7:0>. The upper 8 bits, PMD<15:8>, are ignored.

Figure 13-11: Example Read Sequence Demonstrating ‘Dummy’ Read Operation

INCM<1:0> = 01 Enable Auto-Address Increment
PMADDR = 0x4000 Set Initial Address = 0x4000
Data in external device
memory or registers Dummy Read

1. User Reads PMDIN = (don'’t care)
2. PMDIN updated = 0x02
3. PMADDR = 0x4001

4. User Reads PMDIN = 0x02
5. PMDIN updated = 0x33

0x4000 | 0x02 | ——p| Read

0x4001 0x33

'U o
Z <
9 9
2z P

0x4002 OxFA Read

0x4003 0x7C 6. PMADDR = 0x4002

0x4004 OXO0A 7. User Reads PMDIN = 0x33
Read PMDIN 8. PMDIN updated = OxFA

9. PMADDR = 0x4003

HHlk)

PMADDR = 0x4100 Set New Address = 0x4100
Data in external device

memory or registers Dummy Read
A 4

0x4100 | ox45 |——p| Read

0x4101 0x76

0x4102 |  0x00 \A Read MDIN {

User Reads PMDIN = OxFA (don't care)
PMDIN updated = 0x45
PMADDR = 0x4101

User Reads PMDIN = 0x45
PMDIN updated = 0x76
PMADDR = 0x4102

0x4103 |  Ox2A

Ll

0x4104 0x93 User Reads PMDIN = 0x76

PMDIN updated = 0x00
PMADDR = 0x4103

Read PMDIN

)

© ® N 20k WD

13.3.4  Write Operation

To perform a write on the parallel port, the user application writes to the PMDIN register (same
register as a read operation). This causes the PMP module to first activate the Chip Select lines
and the address bus. The write data from the PMDIN register is placed onto the PMD data bus

and the write line PMPWR is strobed in Master mode 2, PMRD/PMWR and PMENB lines in
Master Mode 1.

In 16-bit Data mode (MODE16 bit (PMMODE<10>) = 1), the write to the PMDIN register causes
PMDIN<15:0> to appear on the data bus, (PMD<15:0>). In 8-bit mode, MODE16 bit
(PMMODE<10>) = 0, the write to the PMDIN register causes PMDIN<7:0> to appear on the data
bus, PMD<7:0>. The upper 8 bits, PMD<15:8>, are ignored.
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13.3.5

In PMP master modes, the PMPIF bit is set on every read or write strobe. An interrupt request is
generated when the IRQM<1:0> bits (PMMODE<14:13>) are set = 01 and PMP interrupts are
enabled, PMPIE (IEC1<2>) = 1.

13.3.6 Parallel Master Port Status — The BUSY Bit

In addition to the PMP interrupt, the BUSY bit (PMMODE<15>) is provided to indicate the status
of the module. This bit is only used in Master mode.

Master Mode Interrupts

While any read or write operation is in progress, the BUSY bit is set for all but the very last
peripheral bus cycle of the operation. This is helpful when Wait states are enabled or multiplexed
address/data is selected. While the bit is set, any request by the user to initiate a new operation
will be ignored (i.e., writing or reading the PMDIN register will not initiate a read or a write).

Since the system clock, SYSCLK, can operate faster than the peripheral bus clock in certain
configurations, or if a large number of Wait states are used, it is possible for the PMP module to
be in the process of completing a read or write operation when the next CPU instruction is
reading or writing to the PMP module. For this reason, it is highly recommended that the BUSY
bit be checked prior to any operation that accesses the PMDIN or PMADDR register.
Example 13-2 shows a polling operation of the BUSY bit prior to accessing the PMP module.

In most applications, the PMP module’s Chip Select pin(s) provide the Chip Select interface and
is under the timing control of the PMP module. However, some applications may require the PMP
Chip Select pin(s) to not be configured as a Chip Select, but as a high order address line, such
as PMA<14> or PMA<15>. In this situation, the application’s Chip Select function must be
provided by an available I/O port pin under software control. In these cases, it is especially
important that the user’s software poll the BUSY bit to ensure any read or write operation is
complete before deasserting the software controlled Chip Select.

Example 13-2: Example Code: Polling the BUSY Bit Flag

/* This example reads 256 16-bit words from an external device at address 0x4000 and copies
the data to a second external device at address 0x8000. The PMP port is operating in
Master mode 2. Note how the PMP’s BUSY bit is polled prior to all operations to the
PMDOUT, PMDIN or PMADDR register, except where noted. */

o
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s
Twn
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unsigned short DataArray<256>;

//
//

Provide the setup code here including large Wait
states, auto increment.

ééﬁyData(); // A call to the copy function is made.

void CopyData()

PMADDR = 0x4000;
while(PMMODE & 0x8000);

PMDIN; // Read the PMDIN to clear previous data and latch new
// data.
for(i=0; i<256; i++)
while(PMMODE & 0x8000); // Poll - if busy, wait before reading.
DataArray<i> = PMDIN; // Read the external device.
3
while(PMMODE & 0x8000); // Poll - if busy, wait before changing PMADDR.
PMADDR = 0x8000; // Address of second external device.

Ffor(i=0; i<256; i++)
{

whi le(PMMODE & 0x8000);
DataArray<i> = PMDIN;

return();

//
//

Initialize PVMP address. First time, no need to poll BUSY bit
Poll - if busy, wait before reading.

Poll - if busy, wait before writing.
Read the external device.

© 2011 Microchip Technology Inc.
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13.3.7

The PMCS2 and PMCS1 Chip Select pins share functionality with address lines A15 and Al4. It
is possible to enable both PMCS2 and PMCS1 as Chip Selects, or enable only PMCS2 as a Chip
Select; allowing PMCSL1 to function strictly as address line Al4. It is not possible to enable only
PMCSL1.

Addressing Considerations

Note:  Setting both A15 and A14 = 1 when PMCS2 and PMCS1 are enabled as Chip
Selects will cause both PMCS2 and PMCS1 to be active during a read or write
operation. This may enable two devices simultaneously and should be avoided.

When configured as Chip Selects, a ‘1’ must be written into bit position 15 or 14 of the PMADDR
register in order for PMCS2 or PMCSL1 to become active during a read or write operation. Failing
to write a ‘1’ to PMCS2 or PMCS1 does not prevent address pins PMA<13:0> from being active
as the specified address appears; however, no Chip Select signal will be active.

Note:  When using Auto-Increment Address mode, PMCS2 and PMCS1 do not participate
and must be controlled by the user’s software by writing to ‘1’ to PMADDR<15:14>
explicitly.

In fully multiplexed modes, address bits PMADDR<15:0> are multiplexed with the data bus and
in the event address bits PMA15 or PMA14 are configured as Chip Selects, the corresponding
PMADDR<15:14> address bits are automatically forced to ‘0’. Disabling one or both PMCS2 and
PMCS1 makes these bits available as address bits PMADDR<15:14>.

In any of the master mode multiplexing schemes, disabling both Chip Select pins PMCS2 and
PMCS1 requires the user to provide Chip Select line control through some other 1/O pin under
software control, as shown in Figure 13-12.

Refer to 13.12 “Design Tips” for more information on memory banking.

Figure 13-12: PMP Chip Select Address Maps
PMCS2, CS1 PMCS2, Al14 A15, Al4, 1/Opin
OXFFFF
Both Devices
Selected 111 1, 1|1
Device Device
oxcooo | e D) | Selected | _Selected ) |
PMCS2=1 I/O-pin=1
Device 2
Selected 110 1/ 0 1
PMCS2=1
0x8000 I I S
Device 1
Selected ol 1 O 1|1
PMCS1=1
0x4000 | No Device | k-] S A N
Selected
No Device
0| 0|1
Selected 00
0x0000
2 — Chip Selects 1 — Chip Select I/O-pin = Software-controlled CS
2 — 16K Address Ranges 1 — 32K Address Range 1 - 64K Address Range
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Section 13. Parallel Master Port (PMP)

13.3.8 Master Mode Timing

A PMP Master mode cycle time is defined as the number of PBCLK cycles required by the PMP
to perform a read or write operation and is dependent on PBCLK clock speed, PMP
Address/Data Multiplexing modes, and the number of PMP wait states, if any. Refer to the
specific device data sheet for setup and hold timing characteristics.

A PMP Master mode read or write cycle is initiated by accessing (reading or writing) the PMDIN
register. Table 13-6 provides a summary of read and write PMP cycle times for each multiplex
configuration.

The actual data rate of the PMP (the rate at which the user’s code can perform a sequence of
read or write operations) will be highly dependent on several factors:

» User’s application code content

» Code optimization level

« Internal bus activity

« Other factors relating to the instruction execution speed

Note: During any Master mode read or write operation, the busy flag will always de-assert
1 peripheral bus clock cycle (TPBCLK), before the end of the operation, including Wait
states. The user’s application must check the status of the busy flag to ensure it is
equal to ‘0’ before initiating the next PMP operation.

Table 13-6:  PMP Read/Write Cycle Times(®

_ PMP Cycle Time
Address/Data Multiplex Configuration ADRMUX Bit (PBCLK Cycles)
Settings
Read Write U
Q
Fully Multiplexed (16-bit data) 11 5 6 oo
Fully Multiplexed (8-bit data) 10 8 9 -3
Partial Multiplex 01 5 6 fﬁ =
- <

Demultiplexed 00 2 3 3 &
Note 1. Wait states are not enabled. D

The following timing examples represent the common master mode configuration options. These
options vary from 8-bit to 16-bit data, non-multiplexed to fully multiplexed address, as well as with
and without Wait states. For illustration purposes only, all control signal polarities are shown as
“active-high”.
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Figure 13-13: 8-bit, 16-bit Read Operations, ADRMUX = 00, No Wait States

13.3.8.1 DEMULTIPLEXED ADDRESS AND DATA TIMING

The timing diagram in Figure 13-13 illustrates the demultiplexed timing (separate address and
data bus) for a read operation with no Wait states. A read operation requires 2 TPBCLK, peripheral
bus clock cycles.

| TPB | TPB | TPB | TPB | TPB | TPB | TPB | TPB | TPB | TPB
PMCS2/PMCS1 | I [ l \ ! ! ! l l :
PMA<13.0> " Address<13:05. 3 | | :
PMD<15:0>() ; ; ; {Data from,Target }—; ; ; I : !
PMDIN : : Previot:Js Latched:Data XI New Lalltched Data: : : E -
Model —:: ! "\ ! ‘\ Data latched into PMiDIN : ! :
PMRD/PMPWR ; ! User Read from PMDIN® , : : : :
L __ PMPENB : : / L ) ) : : ) '
'Mode2  PMRD ' '
S O
PMPIF 1 : ] I !
BUSY | : — : |

Note 1: In 8-bit mode, PMD<15:8> are not implemented.

2: Read data obtained from the PMDIN register is actually the value from the previous read operation.

In this timing diagram with Wait states, shown in Figure 13-14, the read operation
6 TPBCLK, peripheral bus clock cycles.

Figure 13-14: 8-bit, 16-bit Read Operations, ADRMUX = 00, Wait States Enabled

requires

| TPB | TPB | TPB | TrPB | TPB | TrPB | TrPB | TpPB | TPB | TPB | TrPB | TPB | TPB | TPB

PMCS2/PMCSL . l Z Z l l I I I l l I ! !
o T . X . . . ; . . . . . . .
Mode 1 ! ' ' ' \ \ \ \ \ . \ | \ ,
: PMRD/PMWR|I . < L M > . . . . . . . .
_ __ PMENB ' :B / : : \ _ . . . | | , , |
! — ; ! “«— l l l | . | l
"™Mode 2~ pMRD X : / ' : { ' ' ' ' ' : ' )
PMWR l : : ! . : - - . . . . .
— — — 4 \ 1 1 1 ' ! | ' ' : : ' ' :
BUSY ! I \ ' ' f : : f f I
Legend:

B = WAITB<1:0> = 01 (2 Wait states)
M = WAITM<3:0> = 0010 (3 Wait states)
E = WAITE<1:0> = 01 (1 Wait state)

Note:
to 0 TPBCLK).

If WAITM<3:0> = 0000, M is forced to 1 TpeCLK, WAITB is ignored (B forced to 1 TpBcLK), and WAITE is ignored (E forced
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Section 13. Parallel Master Port (PMP)

The timing diagram in Figure 13-15 illustrates demultiplexed timing (separate address and data
bus) for a write operation with no Wait states. A write operation requires 3 TPBCLK, peripheral bus
clock cycles.

Figure 13-15: 8-bit, 16-bit Write Operations, ADRMUX = 00, No Wait States

I TPB | TPB | TPB | TpPB | TPB | TPB | TPB TPB TPB TPB

PMCS2, PMCSL . : J ; ; \ ; ; : : :

PMA<13:0> ! : Addrless<13:0> : : )( : : : ] .

PMD<15:0>® : { Data to Target I . \ . . .

PMDIN, PreVious Data) New Data’ ' [ ; ; ; ; :

™ode1 I "\ . ! : I : : ﬁ !

| PMRD/PMWR :, ' | User:ertes tO:PMDIN | : ; ; : .

L _ _PMENB : : } \ : j : : : :

'Mode2 pMRD ' ! ! : l ! - : : ! .
| . . ' . ‘
L PMWR . J \ : .

PMPIF | : I : f

Note 1: In 8-bit mode, PMD<15:8> are not implemented.

In this timing diagram with Wait states, shown in Figure 13-16, the write operation requires
7 TPBCLK, peripheral bus clock cycles.

Figure 13-16: 8-bit, 16-bit Write Operations, ADRMUX = 00, Wait States Enabled

] TPB | TPB | TPB | TPB | TPB | TrB | TPB | TPB | TPB | Tre | TrB | TPB | Tre | TPB |

PMCS2/PMCS1 | { ! ! ! ! ! ! \ ! l l l ; l
"Mode 1 o ! ; : VI : J 1 l l I l l l
: PMRD/PMWR:: | : > I [ ! : l l l !

! l ! [ Z ' ' ' l ' I !
L _ _PMENB . . B . : : . E : : : ' : ' |
- — . —p —p ' ' ' ' ' '
"Mode 2~ pMRD ' ' . ! ' \ ] , ; ] ' ] ' .
| PMWR g : :  EEE— Z ' ' ' l ' l '
Lo R : : : | : ‘ : : ; ; . : . .
Busy ' | | . . . . . . ,

Legend:

B = WAITB<1:0> = 01 (2 Wait states)
M = WAITM<3:0> = 0010 (3 Wait states)
E = WAITE<1:0> = 01 (2 Wait states)

Note: If WAITM<3:0>= 0000, M is forced to 1 TpacLK, WAITB is ignored (B forced to 1 TPBCLK), and WAITE is ignored
(E forced to 1 TPBCLK).
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Figure 13-17:

13.3.8.2 PARTIALLY MULTIPLEXED ADDRESS AND DATA TIMING

The timing diagram shown in Figure 13-17 illustrates partially multiplexed timing (address bits
<7:0> multiplexed with data bus, PMD<7:0>) for a read operation with no Wait states. A read
operation requires 5 TPBCLK, peripheral bus clock cycles.

8-bit, 16-bit Read Operations, ADRMUX = 01, No Wait States

| TPB | TPB | TPB | TPB | TPB | TPB | TPB | TPB TPB TPB |
PMCS2, PMCSL. | ; / ! ; ; : | I ' :
PMALL ' j ! f \ ! : Z , '
PMA<13:8> - : ADDRESS<13:8> . . Y : : .
PMD<7:0> * : { ADDRESS<7:0> ! LSB ' ; : :
@ , | ) . X lI_______*\Datafrom,'I'arget , ,
PMD<15:8> : : . : ; : { MSB ) ) \ :
PMDIN ! Previous Latched Data . ! [ X New Latc¢hed Data !
"Mode 1 i - > : : - . . . :
: PMRD/PMWR | ! | | l o Detalatchen o PMPIN :
. PMENB_I: : : User Read frorxlﬁ PMDIN : T\ : ! !
"Mode 2 PMRD . : : ' | ' / : : :
PMWRL : - I ' ! . . . ; .
L= == Z Z ! ' ! Z l ! I l
PMPIE : : . ' ' : [ . . .
BUSY . : / \ ‘ ; ; ;
Note 1: Read data obtained from the PMDIN register is actually the value from the previous read operation.

2: In 8-bit mode, PMD<15:8> are not implemented.

Figure 13-18: 8-bit,

In this timing diagram with Wait states, shown in Figure 13-18, the read operation

10 TpBCLK, peripheral bus clock cycles.

16-bit Read Operations, ADRMUX = 01, Wait States Enabled

requires

| TPB | TPB | TPB | TPB | TPB | TPB | TPB | TPB | TPB | TPB | TPB | TPB | TPB | TPB |

PMCS2/PMCS1 | { «—B ) ; ; ! ! ; ! \ : : |
PMALL . / . | I I l l I I ! l ! l
"Mode1 —l: : ' . . . . . . . : : : !
: PMRD/PMWR l: ' ! ! | | '€ M » : : : |
L __ _PMENB , - l l l é i . . | - - - !
T T | | | i ' | i E _ T T I
— : . . ——p X PEEY : ! .
"Mode 2 PMRD—l: ' ' , , | f . . \I : ' ' !
| [ : I I I I | I : - - - - .
PMWR ! . . . . . . . . . - - - .
L —— | . R L | | R ! ' ' ' [
BUSY ' ] ' - ' ' \ l l l !

Legend:

B = WAITB<1:0> = 01 (2 Wait states)
M = WAITM<3:0> = 0010 (3 Wait states)
E = WAITE<1:0> = 01 (1 Wait state)

Note:
to 0 TPBCLK).

If WAITM<3:0> = 0000, M is forced to 1 TpBcLK, WAITB is ignored (B forced to 1 TpeCLK), and WAITE is ignored (E forced
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Section 13. Parallel Master Port (PMP)

The timing diagram shown in Figure 13-19 illustrates partially multiplexed timing (address bits
<7:0> multiplexed with data bus, PMD<7:0>) for a write operation with no Wait states. A write
operation requires 6 TPBCLK, peripheral bus clock cycles.

Figure 13-19: 8-bit, 16-bit Write Operations, ADRMUX = 01, No Wait States

| TPB | TPB I TPB | TPB | TPB | TPB | TPB TPB | TPB TPB |

PMCS2/PMCS1 - : j : : : : : \ : Z
PMALL - Z | | : ' I Z
PMA<13:8> | . : ADDRESS<13:8> ; , , X : :
PMD<7:0> { A:DDRESS<7E:O> )( LSB Da:ta to Targeti ){ . .
PMD<15:8>? ' . WiSB Data o Target \ :
PMDIN___ Previpus Data_| New, Data I : ! : : f

Mode1 : - ! ! : ! : : : :
PMRD/PMWR " : 1 User Writes to PMDIN - | : r : .
C_ewewe o
Mode 2 pwRD " Z : : . !
SNV S S S
PMPIF - : : : : ' / | !

BUSY . : i ' \ ! ' :

Note 1: During a write operation, there is one TPBCLK hold cycle following the PMWR signal.
2: In 8-bit mode, PMD<15:8> are not implemented.

In this timing diagram with Wait states, shown in Figure 13-20, the write operation requires
11 TpBCLK, peripheral bus clock cycles.

Figure 13-20: 8-bit, 16-bit Write Operations, ADRMUX = 01, Wait States Enabled

J TPB l TPB l TPB l TPB l TPB ! TPB l TPB ] TPB ] TPB ] TPB ] TPB ] TPB ] TPB ] TPB |

PMWR . ' !

PMCS2/PMCS1 | 4B l l : l l l .
PMALL.___ . L ! I ' ' ' , ' ' :
"Mode1 ! : ! ; : : ! : : : : : : : '
| pMRDPVWR | : ; ' ; ! ‘—L’ ' J : l
o pweNe PR R S E
' X , <—I>' , ' | i

Legend:
B = WAITB<1:0> = 01 (2 Wait states)
M = WAITM<3:0> = 0010 (3 Wait states)
E = WAITE<1:0> = 01 (1 Wait state)

Note: If WAITM<3:0>=0000, M is forced to 1 TpeCLK, WAITB is ignored (B forced to 1 TPeCLK), and WAITE is ignored (E forced
to 1 TPBCLK).
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13.3.8.3 FULLY MULTIPLEXED (8-BIT BUS) ADDRESS AND DATA TIMING

The timing diagram in Figure 13-21 illustrates fully multiplexed timing (address bits <15:0>
multiplexed with data bus, PMD<7:0>) for a read operation with no Wait states. A read operation
requires 8 TPBCLK, peripheral bus clock cycles.

Figure 13-21: 8-bit, 16-bit Read Operations, ADRMUX = 10, No Wait States

| Tes | Tes | Tee | Tee | Tee | Tee | Tee | Tes | Tre | Tee | Tee | Tee | Tes | Tee | Tee |

PMCS2/PMCS1 ) [ ! \ \ \ . ) . A ' . ' ' :
PMALL : : . b Z ; ; ; Z Z I ; : ; l
PMALH | : : ; : f / \ : l l l l I I I

PMD<7:0> ———{ ADDRESS<7:0> ) ADDRESS<13:8>")} {"CsB )} : ; ; : :

@ ! \ | T T [ i T ' —— Data from Target ' '

PMD<15:8>) W
PMDIN ' ' X ) Previous,Latcheq Data : | New'Latched Data ! : :
a1~ T ! ' ' ' ! ! ' ' ' ' ' '

Mode 1 . ' Z ! - - - ' . . Z . . . . .

PMRD/PMWR | ' \ . . . . . ' /' : ' ' ' !
; - ! . User Read from PMDIN® | Data latched into PVMIDIN l I

o PMENS, . . 2 n o A

Mode2 pMRD '\ 1 L oo TN bnn

| ! . . ; ; ' ; ; ; . . . . . . .
PMWR - - . . ' . : . i ' ! ' i ! -

L — T [ O | | | | | \ T T T : T : i
PMPIF ' Z ; ! : ! ' ; l / l . l . l
BUusy | \ . . . . :

Note 1: Read data obtained from the PMDIN register is actually the value from the previous read operation.
2: In 8-bit mode, PMD<15:8> are not implemented.
3: PMADDR address bit A15 and A14 are forced to ‘0’ if PMCS2 and/or PMCSL1 are enabled as Chip Selects.

In this timing diagram with Wait states, shown in Figure 13-22, the read operation requires
14 TpBCLK, peripheral bus clock cycles.

Figure 13-22: 8-bit, 16-bit Read Operations, ADRMUX = 10, Wait States Enabled

| Tee| TP | Tre | Tre | Tre | Tre |TPe | Tre |Tre |Tre | Tre| Tre | Tre |Tre | Tre| Tre| Tre | Tre | Tre |

PMCS2/PMCSL | ¢ B o 0 0 S
PMALL . [ L B o
PMALHI : 1 1 1 1 ' : ‘ 1 ' : : : : : : : 1 :
e S N R R
: PMRD/PMWR:: T VI
. PMENB © . . . .. ety
Mode2 puRD L L L Lo
PMWR . : : ' ' ' ! ' ! ' : : ! : . . . . . ,
L T
Busy :__ | R
Legend:

B = WAITB<1:0> = 01 (2 Wait states)
M = WAITM<3:0> = 0010 (3 Wait states)
E = WAITE<1:0> = 01 (1 Wait state)

Note: If WAITM<3:0> = 0000, M is forced to 1 TpeCLK, WAITB is ignored (B forced to 1 TpBCLK), and WAITE is ignored
(E forced to O TPBCLK).
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Section 13. Parallel Master Port (PMP)

The timing diagram shown in Figure 13-23 illustrates fully multiplexed timing (address bits
<15:0> multiplexed with data bus, PMD<7:0>) for a write operation with no Wait states. A write
operation requires 9 TPBCLK, peripheral bus clock cycles.

Figure 13-23: 8-bit, 16-bit Write Operations, ADRMUX = 10, No Wait States

Tee | Tee | Tee | Te | Tee | Tes | Tre | Tee | Tee | Tes | Tes | Tes | Tee | Tes | Trs |

i . :
A Ik

PMCS2/PMCS1
PMALL

PMALH
PMD<7:0>

{ ADDRESS<7:0> ) ADDRESS<13:8>'"){ LSB DATA to Target }
I 1
\ !

PMD<15:8>(3
PMDIN
"™Mode1 "
PMRD/PMWR

MSB DATA to Target

Previous Data |

~
}

New'Data

User ,Writes to PMDIN !

L — —

'Mode 2 pMRD |

]

]

Note 1: During a write operation, there is one TpPBCLK hold cycle following the PMWR signal.
2: In 8-bit mode, PMD<15:8> are not implemented.
3: PMADDR address bit A15 and A14 are forced to ‘0’, if PMCS2 and/or PMCS1 are enabled as Chip Selects.

In this timing diagram with Wait states, shown in Figure 13-24, the write operation requires
15 TpBCLK, peripheral bus clock cycles.
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Figure 13-24: 8-bit, 16-bit Write Operations, ADRMUX = 10, Wait States Enabled

| Tee| Tre | Tre | Tre | TPe | TPe | TPe | Tre |Tre |TrPe | Tre| Tre | Tre |Tre | Tre| Tre | Tre | Tre | TrE |

PMCS2/PMCS1 ]

. " :<J—}c ' ' ' ' ' : : : : : : \u\:—l_:
PMALL « . [ 1. B e
PMALHI : 1 1 1 1 t : \ 1 1 : : : : : : : 1 :
e
CPMROPMWR T L ool Mo L T
L PMENB, L LD ey e R
™ode2 PMRD '\« v h vt
| |: B : | | | | : : | : : T N | ' ' ' ' '

PMWR Lt D S
BUSY -/ ' ' N U

Legend:

B = WAITB<1:0> = 01 (2 Wait states)
M = WAITM<3:0> = 0010 (3 Wait states)
E = WAITE<1:0> = 01 (2 Wait states)

Note: If WAITM<3:0> = 0000, M is forced to 1 TpaCcLK, WAITB is ignored (B forced to 1 TpBcLK), and WAITE is ignored
(E forced to 1 TPBCLK).
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13.3.8.4 FULLY MULTIPLEXED (16-BIT BUS) ADDRESS AND DATA TIMING

The timing diagram shown in Figure 13-25 illustrates fully multiplexed timing (address bits
<15:0> multiplexed with data bus, PMD<15:0>) for a read operation with no Wait states. A read
operation requires 5 TPBCLK, peripheral bus clock cycles.

Figure 13-25: 16-bit Read Operation, ADRMUX =11, No Wait States

| Tee | Tee | Tre | Trs | Tes | Tes | Tpe | Tee | Tee | Tes | Tee | Tea | Tee | Tre | Trs |

PMCS2/PMCS. ! : . / : : - - \ - : ' - - - |
PMALL )
PMALH . : IR D U —
PMD<7:0> - : : [ ADDRESS<7:0> J——{ LSB \}—— : : ; ; : :
' ! ! ) 1 . : ; r Datafrom Target . ' ! : |

PMD<15:8> * - - { ADDRESS<13:8>“/}} {™msB ) X . X X
PMDIN : : ' Previbus Latthed Ddta . ) . New Latched Pata | , : :
Mode1 7|: : : ;'\ ! ! o . ! C : ! S
PMRD/PMWR : : : ; User Read from PMDIN®D Data latched jnto PMDIN | ! ;
L e I e S —
l—MOEZ_pI\ED—I ! ! ! : : : : i IN ' : ! , ' , :
PMWR : : X X ! X ' : : X : : : : \
Lo i ) T \ A \ \ X T T A T . T | |
PMPIF ! . ! ! ' ! ; / . ! . : . . !
BUSY . ' : f \ ' ' ' : ! : ' !

Note 1: Read data obtained from the PMDIN register is actually the value from the previous read operation.
2: PMADDR address bit A15 and A14 are forced to ‘0’ if PMCS2 and/or PMCS1 are enabled as Chip Selects.

In this timing diagram with Wait states, shown in Figure 13-26, the read operation requires
10 TpBCLK, peripheral bus clock cycles.

Figure 13-26: 16-bit Read Operation, ADRMUX =11, Wait States Enabled

l TPB | TPB | TPB | TrPB | TPB | TPB | TrPB | TPB | TPB | TPB | TPB TPB | TPB | TrPB |

PMCS2/PMCSL || B ! ! ! : : I \ ; 5 !
PMALL ' / ! \ l : l l l i I I I !

PMALH ! ' 0 ' \ : . ' : : ' ' ' ' !

"Mode 1 L ! ' ' ' X ' : ' ! ! ; , : : :
: PMRD/PMWR:: . ' ' : : l —M > : I 1 :
L PMENB | . ; ! ! l ; l i , , \ : : S :
- - - f 1 1 1 1 B 1 1 1 f E T T 1
- ' . . . ' “«—» £y ' ! |
"Mode 2 PMRD_\: ] ] , ' ' ! / \ \ ‘\ - \ . ,
| . ; ; ; . : . ! ! ! . . . . .
PMWR . . . ' . ! . . . - . . - .

L — — — \ \ T ! ) T T T T T
BUSY ' | | | | ' .

Legend:

B = WAITB<1:0> = 01 (2 Wait states)
M = WAITM<3:0> = 0010 (3 Wait states)
E = WAITE<1:0> = 01 (1 Wait state)

Note: If WAITM<3:0>= 0000, M is forced to 1 TpeCLK, WAITB is ignored (B forced to 1 TpBCLK), and WAITE is ignored
(E forced to O TPBCLK).
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Section 13. Parallel Master Port (PMP)

The timing diagram shown in Figure 13-27 illustrates fully multiplexed timing (address bits
<15:0> multiplexed with data bus, PMD<15:0>) for a write operation with no Wait states. A read

operation requires 6 TPBCLK, peripheral bus clock cycles.

Figure 13-27: 16-bit Write Operation, ADRMUX =11, No Wait States

| Tee | Tee | Tes | Tes | T | Tee | Tee | T | Tee | Tee | Tes | Tes | Tee | Tee | Tre |
PMCS2/PMCS1 : T S S S S S S S
PMALL | ; : : ! ! ; Z l l ; : ! I l ;
PMALH | ' : ! I \ : : ! : f : : l I '
PMD<7:0> . : I { AljDREssl<7 0> X Lsa' DATA OUT i : : ! : : l
PMD<15:8> ! : : ( ADDRESS<13.85¢ ’)( MSB DATA OUT :) ‘ ) : ' ' :
PMDIN Previous Data I . New Data . ) : : . : . : : :
Mode1 T e T e e
: PMRD/PMWR : . | : \ |User Writes fo PMDIN - 7 \ : : : : ;
L _PMENB | | : : : ' i [ \ ' : : : l I :
"Mode 2 pMRD ' ' o : - C I l : I ' l l !
| , X ; : ; X 7 . . [ . . . . !
PMWR(l) - . ; . . . f \ - : ' . ' ! .
PMPIF | l ' Z ! : ' ‘ l i . . ; . I :
BUSY ! - J \ f : ' ' f ' '
Note 1: During a write operation, there is one TPB hold cycle following the PMWR signal.
2: PMADDR address bit A15 and A14 are forced to ‘0’ if PMCS2 and/or PMCSL1 are enabled as Chip Selects.
In this timing diagram with Wait states, shown in Figure 13-28, the write operation requires
11 TeecLK peripheral bus clock cycles.
Figure 13-28: 16-bit Write Operation, ADRMUX = 11, Wait States Enabled
| TPB | TPB | TPB | TPB | TPB | TPB | TPB | TPB | TPB | TPB | TPB | TPB | TPB | TPB |
PMCS2/PMCS1 ! -t ) : : : : : ! i —
PMALL _,_,/—‘\ | . : . ' . | \ . '
PMALH I : : l : l ! I l l : l :
"Mode 1 . : : | l I . : " l l i l l l
: PMRD/PMWR ' ? l I l . I a S— —» . | - Z
. PMENB . . ! ; : oy / ; l | — i l
! \ ! ' ——Pp , , —E ' \
"Mode 2 PMRD—I ' X . . ' ' . X X ' } ' . ' ]
| |\ e A :
PMWR . - / - | . .
Lo . ;
BUSY / |
Legend:
B = WAITB<1:0> = 01 (2 Wait states)
M = WAITM<3:0> = 0010 (3 Wait states)
E = WAITE<1:0> = 01 (2 Wait states)
Note: If WAITM<3:0>= 0000, M is forced to 1 TpBCLK, WAITB is ignored (B forced to 1 TPBCLK), and WAITE is
ignored (E forced to 1 TPBCLK).
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13.4

SLAVE MODES OF OPERATION
The PMP module provides 8-bit (byte) legacy Parallel Slave Port (PSP) functionality as well as

new buffered and addressable slave modes.

Table 13-7: Slave Mode Selection
Slave Mode PMMODE<9:8> bits PMMODE<12:11> bits
(MODE<1:0>) (INCM<1:0>)
Addressable 01 X = don’t care
Legacy 00 X = don'’t care
Buffered 00 11

All slave modes support 8-bit data only and the module control pins are automatically dedicated
when any of these modes are selected. The user application only needs to configure the polarity
of the PMCS1, PMRD and PMWR signals.

Table 13-8: Slave Mode Pin Polarity Configuration
CONTROL PMCON Active-High Active-Low
PIN Control Bit Select Select
PMRD RDSP 1 0]
PMWR WRSP 1 0]
PMCS1 Cs1P 1 0]
13.4.1 Legacy Slave Port Mode

In 8-bit PMP Legacy Slave mode, the module is configured as a PSP using control bits
MODE<1:0> (PMMODE<9:8>) = 00. In this mode, an external device such as another
microcontroller or microprocessor can asynchronously read and write data using the 8-bit data
bus PMD<7:0>, the read PMRD, write PMWR and Chip Select PMCS1 inputs.

Figure 13-29: Parallel Master/Slave Connection Example
Master PIC32 Slave Data Bus e
Control Lines PR
D<7:.0> |« »| PMD<7:0>
CSs PMCS1
RD PMRD
WR PMWR
13.4.1.1 INITIALIZATION STEPS

The following Slave mode initialization steps properly prepares the PMP port for communicating

with an external device.

1. Clear the ON control bit (PMCON<15> = 0) to disable the PMP module.

Select Legacy mode with the MODE<1:0> bits (PMMODE<9:8>) = 00.

Select the polarity of the Chip Select pin, CS1P (PMCON<3>).

Select the polarity of the control pins, WRSP (PMCON<1>) and RDSP (PMCON<0>).

If interrupts are used:

a) Clear the interrupt flag bit, PMPIF (IFS1<2>) = 0.

b) Configure the PMP interrupt priority bits, PMPIP<2:0> (IPC7<4:2>) and the interrupt
subpriority bits PMPIS (IPC7<1:0>).

c) Enable the PMP interrupt by setting the interrupt enable bit, PMPIE (IEC1<2>) = 1.

6. Setthe ON control bit to ‘1’ to enable the PMP module.

a s~ wDN
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Example 13-3: Legacy Parallel Slave Port Initialization (Example Code)

/*
Example configuration for Legacy Slave mode
*/
IEC1CLR = 0x0004 // Disable PMP interrupt in case it is already enabled
PMCON = 0x0000 // Stop and Configure PMCON register for Legacy mode
PMMODE = 0Ox0000 // Configure PMMODE register
IPC7SET = 0x001C; // Set priority level = 7 and
IPC7SET = 0x0003; // Set subpriority level = 3
// Could have also done this in single
// operation by assigning IPC7SET = Ox001F
IFS1CLR = 0x0004; // Clear the PMP interrupt status flag
IEC1SET = 0x0004; // Enable PMP interrupts
PMCONSET = 0x8000; // Enable PMP module

13.4.1.2 WRITE TO SLAVE PORT

When Chip Select is active and a write strobe occurs, the data on the bus pins PMD<7:0> is
captured into the lower 8 bits of the PMDIN register, PMDIN<7:0>. The PMPIF (interrupt flag bit)
is set during the write strobe, however, IBOF (input buffer full flag) bit requires two to three
peripheral bus clock cycles to synchronize before it is set and the PMDIN register can be read.
The IBOF bit will remain set until the PMDIN register is read by the user application. If a write
operation occurs while the IBOF = 1, the write data will be ignored and an overflow condition will
be generated, IBOV = 1. See the timing diagrams in 13.4.4 “Slave Mode Read and Write
Timing Diagrams”.

13.4.1.3 READ FROM SLAVE PORT

When Chip Select is active and a read strobe occurs, the data from the lower 8 bits of the
PMDOUT register (PMDOUT<7:0>) is presented onto data bus pins PMD<7:0> and read by the
master device. The PMPIF (interrupt flag bit) is set during the read strobe; however, the OBOE
(output buffer empty flag) bit requires two to three peripheral bus clock cycles to synchronize
before it is set. The OBOE bit will remain set until the PMDOUT register is written to by the user
application. If a read operation occurs while the OBOE = 1, the read data will be the same as the
previous read data and an underflow condition will be generated, OBUF = 1. See the timing
diagrams in 13.4.4 “Slave Mode Read and Write Timing Diagrams”.
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13.4.1.4 LEGACY MODE INTERRUPT OPERATION

In PMP Legacy Slave mode, the PMPIF bit is set every read or write strobe. If using interrupts,
the user’s application vectors to an Interrupt Service Routine (ISR) where the IBF and OBE
status bits can be examined to determine if the buffer is full or empty. If not using interrupts, the
user’s application should wait for PMPIF to be set before polling the IBF and OBE Status bits to
determine if the buffer is full or empty.

Note:  On persistent interrupt implementations of the PMP, the interrupt is generated on
the falling edge of the WR signal with the WR signal configured to active-high
polarity. On non-persistent interrupt implementations of the PMP, the interrupt is
generated on the rising edge of the WR signal with the WR signal configured to
active-high polarity. Firmware should poll the IBF or IBnF bit to ensure the data is
valid before attempting to read the data from the PMP module.

13.4.2 Buffered Parallel Slave Port Mode

The 8-bit Buffered Parallel Slave Port mode is functionally identical to the Legacy Parallel Slave
Port mode with one exception: the implementation of 4-level read and write buffers. Buffered
Slave mode is enabled by setting the MODE<1:0> bits (PMMODE<9:8>) = 00, and the
INCM<1:0> bits (PMMODE<12:11>) = 11.

When the buffered mode is active, the module uses the PMDIN register as write buffers and the
PMDOUT register as read buffers. Each register is divided into four 8-bit buffer registers, four
read buffers in PMDOUT and four write buffers in PMDIN. Buffers are numbered 0 through 3,
starting with the lower byte <7:0> and progressing upward through the high byte <31:24>.
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Figure 13-30: Parallel Master/Slave Connection Buffered Example

Data Bus —
Control Lines

PIC32 Slave
Master PMD<7:0>|  Write Read
D<7:0> | > Address Address
Pointer Pointer
cs PMCS1
N} <4< PMDOUT (0) PMDIN (0)
RD PMRD
4 <€ PMDOUT (1) PMDIN (1)
WR PMWR
<€+ PMDOUT (2) PMDIN (2)
PMDOUT (3) PMDIN (3)
13.4.2.1 INITIALIZATION STEPS

The following Buffered Slave mode initialization properly prepares the PMP port for
communicating with an external device.

Clear the ON control bit (PMCON<15> = 0) to disable the PMP module.

Select the Legacy mode with MODE<1:0> bits (PMMODE<9:8>) = 00.

Select Buffer mode with INCM<1:0> bits (PMMODE<12:11>) = 11.

Select the polarity of the Chip Select CS1P (PMCON<3>).

Select the polarity of the control pins WRSP (PMCON<1>) and RDSP (PMCON<0>).

2B R

Example 13-4:

If interrupts are used:

a) Clear interrupt flag bit PMPIF (IFS1<2>).

b) Configure interrupt priority and subpriority levels in IPC7.
c) Setinterrupt enable bit PMPIE (IEC1<2>).

Set the ON control bit to ‘1’ to enable the PMP module.

Buffered Parallel Slave Port Initialization (Example Code)

/*

Example configuration for Buffered Slave mode */

IEC1CLR = 0x0004
PMCON = 0x0000
PMMODE = 0x1800
IPC7SET = 0x001C;
IPC7SET = 0x0003;

IFS1CLR = 0x0004;
IEC1SET = 0x0004;
PMCONSET = 0x8000;

//
//
//
//
//
//
//
//
//
//

Disable PMP interrupt in case it is already enabled
Stop and configure PMCON register for Buffered mode
Configure PMMODE register

Set priority level = 7 and

Set subpriority level = 3

Could have also done this in single operation by
by assigning IPC7SET = Ox001F

Clear the PMP interrupt status flag

Enable PMP interrupts

Enable the PMP module

13.4.2.2 READ FROM SLAVE PORT

For read operations, the bytes will be sent out sequentially, starting with Buffer 0,
PMDOUT<7:0>, and ending with Buffer 3, PMDOUT<31:24>, for every read strobe. The module
maintains an internal pointer to keep track of which buffer is to be read.

Each of the buffers has a corresponding read Status bit, OBnE, in the PMSTAT register. This bit
is cleared when a buffer contains data that has not been written to the bus, and is set when data
is written to the bus. If the current buffer location being read from is empty, a buffer underflow is
generated, and the Buffer Overflow flag bit OBUF is set. If all four OBnE Status bits are set, the
Output Buffer Empty flag OBE will also be set. See the timing diagrams in 13.4.4 “Slave Mode
Read and Write Timing Diagrams”.
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13.4.2.3 WRITE TO SLAVE PORT

For write operations, the data is be stored sequentially, starting with Buffer 0, PMDIN<7:0> and
ending with Buffer 3, PMDIN<31:24>. As with read operations, the module maintains an internal
pointer to the buffer that is to be written next.

The input buffers have their own write Status bits, IBnF. The bit is set when the buffer contains
unread incoming data, and cleared when the data has been read. The flag bit is set on the write
strobe. If a write occurs on a buffer when its associated IBnF bit is set, the Buffer Overflow flag
IBOV is set; any incoming data in the buffer will be lost. If all four IBnF flags are set, the Input
Buffer Full flag IBF is set. See the timing diagrams in 13.4.4 “Slave Mode Read and Write
Timing Diagrams”.

13.4.2.4 BUFFERED MODE INTERRUPT OPERATION

In Buffered Slave mode, the module can be configured to generate an interrupt on every read or
write strobe, IRQM<1:0> bits (PMMODE<14:13>) = 01. It can be configured to generate an
interrupt on a read from Read Buffer 3 or a write to Write Buffer 3, IRQM<1:0> = 10, which is
essentially an interrupt every fourth read or write strobe. When interrupting every fourth byte for
input data, all input buffer registers should be read to clear the IBnF flags. If these flags are not
cleared then there is a risk of hitting an overflow condition.

If using interrupts, the user’s application vectors to an Interrupt Service Routine (ISR) where the
IBF and OBE status bits can be examined to determine if the buffer is full or empty. If not using
interrupts, the user application should wait for PMPIF to be set before polling the IBF and OBE
status bits to determine if the buffer is full or empty.

13.4.3 Addressable Buffered Parallel Slave Port Mode

In the 8-bit Addressable Buffered Parallel Slave Port mode, the module is configured with two

extra inputs, PMA<1:0>. This makes the 4-byte buffer space directly addressable as fixed pairs g
of read and write buffers. As with Buffered Legacy mode, data is output from register PMDOUT EJU 5
and is input to register PMDIN. Table 13-9 shows the address resolution for the incoming address = g
to the input and output registers. =
2=
=9
Table 13-9: Slave Mode Buffer Addresses :9 @
PMA<1:0> Output Register (Buffer) Input Register (Buffer) %

11 PMDOUT<31:24> (3) PMDIN<31:24> (3)

10 PMDOUT<23:16> (2) PMDIN<23:16> (2)

01 PMDOUT<15:8> (1) PMDIN<15:8> (1)

00 PMDOUT<7:0> (0) PMDIN<7:0> (0)

Figure 13-31: Parallel Master/Slave Connection Addressed Buffer Example

Address Bus
Data Bus

Control Lines

Master PIC32 Slave
PMA<1:0>
A<1:0> > v v
PMD<7:0> Write Read
D<7:0> | =P Address Address
Decode Decode
<4-| PMDOUT (0) PMDIN (0)
cs PMCS1 <€+ PMDOUT (1) PMDIN (1)
RD PMRD <4+ PMDOUT (2) PMDIN (2)
WR PMWR PMDOUT (3) PMDIN (3)
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13.4.3.1 INITIALIZATION STEPS

The following Addressable Buffered Slave mode initialization steps properly prepares the PMP
port for communicating with an external device.

1. Clear the ON control bit (PMCON<15> = 0) to disable the PMP module.

Select the Legacy mode with MODE<1:0> bits (PMMODE<9:8) = 00.

Select the polarity of the Chip Select CS1P (PMCON<3>).

Select the polarity of the control pins WRSP (PMCON<1>) and RDSP (PMCON<0>).
If interrupts are used:

a) Clear interrupt flag bit PMPIF (IFS1<2>).

b) Configure interrupt priority and subpriority levels in IPC7.

c) Setinterrupt enable bit PMPIE (IEC1<2>).

6. Setthe ON control bit to ‘1’ to enable the PMP module.

a s~ wbd

Example 13-5: Addressable Parallel Slave Port Initialization (Example Code)
/* Example configuration for Addressable Slave mode */

IEC1CLR = 0x0004 // Disable PMP interrupt in case it is already enabled
PMCON = 0x0000 // Stop and configure PMCON register for Address mode
PMMODE = 0x0100 // Configure PMMODE register
IPC7SET = 0x001C; // Set priority level = 7 and
IPC7SET = 0x0003; // Set subpriority level = 3
// Could have also done this in single operation
// by assigning IPC7SET = Ox001F
IFS1CLR = 0x0004; // Clear the PMP interrupt status flag
IEC1SET = 0x0004; // Enable PMP interrupts
PMCONSET = 0x8000; // Enable the PMP module

13.4.3.2 READ FROM SLAVE PORT

When Chip Select is active and a read strobe occurs, the data from one of the four output 8-bit
buffers is presented onto PMD<7:0>. The byte selected to be read depends on the 2-bit address
placed on PMA<1:0>. Table 13-9 shows the corresponding output registers and their associated
address. When an output buffer is read, the corresponding OBNE bit is set. The OBE flag hit is
set when all the buffers are empty. If any buffer is already empty, OBnE = 1, the next read to that
buffer will generate an OBUF event. See the timing diagrams in 13.4.4 “ Slave Mode Read and
Write Timing Diagrams”.

13.4.3.3 WRITE TO SLAVE PORT

When Chip Select is active and a write strobe occurs (PMCS = 1 and PMWR = 1), the data from
PMD<7:0> is captured into one of the four input buffer bytes. The byte selected to be written
depends on the 2-bit address placed on ADDR<1:0>. Table 13-9 shows the corresponding input
registers and their associated address.

When an input buffer is written, the corresponding IBnF bit is set. The IBF flag bit is set when all
the buffers are written. If any buffer is already written, IBnF = 1, the next write strobe to that buffer
will generate an IBOV event, and the byte will be discarded. See the timing diagrams in
13.4.4 “Slave Mode Read and Write Timing Diagrams”.

13.4.3.4 ADDRESSABLE BUFFERED MODE INTERRUPT OPERATION

In Addressable Slave mode, the module can be configured to generate an interrupt on every read
or write strobe, IRQM<1:0> bits (PMMODE<14:13>) = 01. It can also be configured to generate
an interrupt on any read from Read Buffer 3 or write to Write Buffer 3, IRQM<1:0> = 10; in other
words, an interrupt will occur whenever a read or write occurs when PMA<1:0> is ‘11"

If using interrupts, the user application vectors to an Interrupt Service Routine (ISR) where the
IBF and OBE Status bits can be examined to determine if the buffer is full or empty. If not using
interrupts, the user application should wait for PMPIF to be set before polling the IBF and OBE
Status bits to determine if the buffer is full or empty.
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13.4.4

In all of the slave modes, an external master device is connected to the parallel slave port and is
controlling the read and write operations. When an external read or write operation is performed
by the external master device, the PMPIF bit (IFS1<2>) will be set on the active edge of PMRD
or PMWR pin.

« For any external write operation, the user’s application must poll the IBOV or IBOF buffer
Status bit to ensure adequate time for the write operation to be completed before accessing
the PMDIN register.

« For any external read operation, the user’s application must poll the OBUF or OBOE buffer

Status bit to ensure adequate time for the read operation to be completed before accessing
the PMDOUT register.

Slave Mode Read and Write Timing Diagrams

Figure 13-32: Parallel Slave Port Write Operation
2-3 TPBCLK Cycles
< >,

|TPB|TPB|TPB|TPB|TF*IB|TPB| |TPB| |TF’B|TPB|TF’B|

PMCSL.__ . [ T . I O S S S

PMWR ! ' A L ! PR ! o ' Z !

PMRD : ' ! ' ! ' ' e : ' o ' | ' f

PMD<7:0>: : )(: Dat«::\ from l?/laster ?( ' ;r ! ! ::r 1 : : :

PMDIN® ] Previous Data ' ) +NewData } . ! } } } ,
BOV. . . e -
IBOF - : . : , : : ) : 55 : ' : : Q
. , X . ; s . ! /',\ . TS
PMPIF | L e 5 e S o
(Non-Persistent————| Buiffer Full, Ready to Read ' UserReads PMIDIN ' ' =S
Interrupt) . f : : : / 55 55 o=
, PMPIF) =z §

Persistent Interrupt

I 2
Note: Control signal polarity are configurable and are shown active-high in this example. -

Figure 13-33: Parallel Slave Port Write Operation — Buffer Full, Overflow Condition
2-3 TPBCLK Cycles Lz

| TrB | TPB | TPB | TPB | TH:B‘! TPB | '| TrB | | TPB | TPB | TPB |
PMCS1 ' . T\ o o :
PMWR. L [ T\ : o PR I l !
L S S B L SR S —
PMD<7:O>E E )(E Dat:afrom Ié/laster i( : 5;( : : ; ; : E :
PMDIN « ] ' \ : :PreviOL:Js Data ‘ié : : ;; : : : :
IBOV' - ; ; - . S | T A l : l
BOF T T 7/ f y/i f ;\_:
(Non—PerPs’i\gtl?alr'Tt: ; : /J EUser &IeaélBOV
merupd T T User Rehds PVDIN

(Persistent Interrupt) Buffer Overflow Condition

Note: Control signal polarity are configurable and are shown active-high in this example.
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Figure 13-34: Parallel Slave Port Read Operation

2-3 TPBCLK Cycles
Pl N

il

|TPB|TPB|TPB|TPB|TF’:B|TPB| | Tes | |TPB|TPB|TPB|
PMCS1 | L : e o ! ) l l : Z
PMWR, oo
PMRD ! NN B U R P S S I
PMD<7:0>' X X )(Daltato Master | : : ' : J: ' ' ' '
PMDOUT! ' ' " Data : . )j Same Data > : )I( New Data_»
OBUF. . . oo
OBOE ! : : ; : : : . / : 55 ; ] : :
' ' ' ' ) T :SS_/v: ! « ! /l " 1

PMPIF ! ! !
Buffer Empty, Ready to Write New Data User Writes New Data to PMDIN

Note: Control signal polarity are configurable and are shown active-high in this example.

Figure 13-35: Parallel Slave Port Read Operation — Buffer Empty, Underflow Condition

23 TPBCLK Cycles

< >
| TPB | TPB | TPB | TPB | TP:B | TPB |

|TPB| |TPB| ITPB|TPB|
T T T e S e
PMWR ! ! e L ' o L L g l l
PMRD '+ n
PMD<7:0> : )(: Old Pata to Master | . i : : ’: : : : : : !
PMDOUT . I OId Daia ; . T ' 55 : : j:X New Data_
OBUF, ! . o B 15//,\ R
OBE T T T T T A
| , ' . . £ L
PMPIF! L 5

o User Clears OBUF
Buffer Underflow Condition

User Writes PMDIN

Note: Control signal polarity are configurable and are shown active-high in this example.
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13.5 INTERRUPTS

The Parallel Master Port module has the ability to generate an interrupt, depending on the
selected operating mode.

* PMP (Master) mode:

Interrupt on every completed read or write operation.
* PSP (Legacy Slave) mode:

Interrupt on every read and write byte
» PSP (Buffered Slave) mode:

- Interrupt on every read and write byte

- Interrupt on read or write byte of Buffer 3 (PMDOUT<31:24>)
* EPSP (Enhanced Addressable Slave) mode:

- Interrupt on every read and write byte

- Interrupt on read or write byte of Buffer 3 (PMDOUT<31:24>), PMA<1:0> =11.
The PMPIF bit must be cleared in software.

The PMP module is enabled as a source of interrupt via the PMP Interrupt Enable bit, PMPIE.
The Interrupt Priority bits (PMPIP<2:0>) and Interrupt Subpriority bits (PMPIS<1:0>) must also
be configured. For more details, refer to Section 8. “Interrupts” (DS61108).

13.5.1 Interrupt Configuration

The PMP module has a dedicated interrupt flag bit, PMPIF, and a corresponding interrupt 13
enable/mask bit, PMPIE. These bits are used to determine the source of an interrupt and to

enable or disable an individual interrupt source.

The PMPIE bit is used to define the behavior of the Vector Interrupt Controller or Interrupt
Controller when the PMPIF bit is set. When the PMPIE bit is clear, the Interrupt Controller module
does not generate a CPU interrupt for the event. If the PMPIE bit is set, the Interrupt Controller
module will generate an interrupt to the CPU when the PMPIF bit is set (subject to the priority
and subpriority as outlined below).
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Itis the responsibility of the user’s software routine that services a particular interrupt to clear the
appropriate Interrupt Flag bit before the service routine is complete.

The priority of PMP module can be set with the PMPIP<2:0> bits. This priority defines the priority
group to which the interrupt source will be assigned. The priority groups range from a value of 7,
the highest priority, to a value of 0, which does not generate an interrupt. An interrupt being
serviced will be preempted by an interrupt in a higher priority group.

The subpriority bits allow setting the priority of a interrupt source within a priority group. The
values of the subpriority, PMPIS<1:0>, range from 3, the highest priority, to 0 the lowest priority.
An interrupt with the same priority group but having a higher subpriority value will preempt a
lower subpriority interrupt that is in progress.

The priority group and subpriority bits allow more than one interrupt source to share the same
priority and subpriority. If simultaneous interrupts occur in this configuration, the natural order of
the interrupt sources within a priority/subgroup pair determine the interrupt generated. The
natural priority is based on the vector numbers of the interrupt sources. The lower the vector
number the higher the natural priority of the interrupt. Any interrupts that were overridden by
natural order will then generate their respective interrupts based on priority, subpriority and
natural order after the interrupt flag for the current interrupt is cleared.

After an enabled interrupt is generated, the CPU will jump to the vector assigned to that interrupt.
The vector number for the interrupt is the same as the natural order number. The CPU will then
begin executing code at the vector address. The user’s code at this vector address should
perform any application specific operations and clear the PMPIF interrupt flag, and then exit. For
more information on interrupts and the vector addresses, refer to Section 8. “Interrupts”
(DS61108).
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Example 13-6: PMP Module Interrupt Initialization Code Example

/'k

This code example illustrates a PMP interrupt configuration.
When the PMP interrupt is generated, the CPU will branch to the vector assigned to PMP
interrupt. */

// Configure PMP for desired mode of operation

// Configure the PMP interrupts
IPC7SET = 0x0014; // Set priority level = 5
IPC7SET = 0x0003; // Set subpriority level = 3
// Could have also done this in single
// operation by assigning IPC7SET = 0x0017

IFS1CLR = 0x0004; // Clear the PMP interrupt status flag
IEC1SET = 0x0004; // Enable PMP interrupts
PMCONSET = 0x8000; // Enable the PMP module

Example 13-7: PMP ISR Code Example

/*

This code example demonstrates a simple Interrupt Service Routine for PMP
interrupts. The user’s code at this vector should perform any application specific
operations and must clear the PMP interrupt status flag before exiting. */

void __ISR(_PMP_VECTOR, ipl5) PMP_HANDLER(void)

{
. perform application specific operations in response to the interrupt
IFS1CLR = 0x0004; // Be sure to clear the PMP interrupt status
// flag before exiting the service routine.
3
Note: The PMP ISR code example shows MPLAB® C32 C compiler-specific syntax. Refer to your compiler

manual regarding support for ISRs.
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13.6 OPERATION IN POWER-SAVING AND DEBUG MODES
13.6.1 PMP Operation in Sleep Mode

When the device enters Sleep mode, the system clock is disabled. The consequences of Sleep
mode depend on which mode the module is configured in at the time that Sleep mode is invoked.

13.6.1.1 PMP OPERATION — SLEEP IN MASTER MODE

If the device enters Sleep mode while the module is operating in Master mode, PMP operation
is suspended in its current state until clock execution resumes. As this may cause unexpected
control pin timings, users should avoid invoking Sleep mode when continuous use of the module
is needed.

13.6.1.2 PMP OPERATION — SLEEP IN SLAVE MODE

While the module is inactive, but enabled for any Slave mode operation, any read or write
operations occurring at that time will be able to complete without the use of the microcontroller
clock. Once the operation is completed, the module will issue an interrupt according to the setting
of the IRQM bits.

If the PMPIE bit is set, and its priority is greater than current CPU priority, the device will wake
from Sleep or Idle mode and execute the PMP interrupt service routine.

If the assigned priority level of the PMP interrupt is less than or equal to the current CPU priority
level, the CPU will not be awakened and the device will enter the Idle mode.

13.6.2 PMP Operation in Idle Mode

When the device enters Idle mode, the system clock sources remain functional. The SIDL bit
(PMCON<13>) selects whether the module will stop or continue functioning on Idle. If SIDL = 0,
the module will continue operation in Idle mode.

If SIDL =1, the module will stop communications when the microcontroller enters Idle mode, in
the same manner as it does in Sleep mode. The current transaction in Slave modes will complete
and issue an interrupt, while the current transaction in Master mode will be suspended until
normal clocking resumes. As with Sleep mode, Idle mode should be avoided when using the
module in Master mode if continuous use of the module is required.
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13.7 EFFECTS OF VARIOUS RESETS
13.7.1 Device Reset
All PMP module registers are forced to their reset states on a device Reset.
13.7.2 Power-on Reset (POR)

All PMP module registers are forced to their Reset states on a POR.

13.7.3 Watchdog Reset

All PMP module registers are forced to their reset states on a Watchdog reset.
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13.8

PARALLEL MASTER PORT APPLICATIONS

This section illustrates typical interfaces between the PMP module and external devices for each

of the module’s multiplexing modes. Additionally, there are some potential applications shown for
the PMP module.

Note: The PMD<15:0> data pins are available on PIC32 devices with 100 or more pins.
For all other devices, only pins PMD<7:0> are available. Refer to the specific PIC32
device data sheet for details.

13.8.1 Demultiplexed Memory or Peripheral

Figure 13-36 illustrates the connections to an 8-bit memory or addressable peripheral in
Demultiplexed mode. This mode does not require any external latches.

Figure 13-36: Demultiplexed Addressing, 8-bit Data (Up to 15-bit Address)
Address Bus —e—
Data Bus ——
Control Lines
PIC32 32K x 8-bit Device
A<14:0>
PMA<14:0> P A<14:0>
D<7:0>
PMD<7:0> [ P D<7:0>

CE
OE _WR

PMCS2
PMRD
PMWR

Note: Master mode 2: MODE<1:0> bits (PMMODE<9:8>) = 10.
8-bit data width: MODE16 bit (PMMODE<10>) = 0.
Demultiplexed mode: ADRMUX<1:0> bits (PMCON<12:11>) = 00.

Figure 13-37 illustrates the connections to a 16-bit memory or addressable peripheral in
Demultiplexed mode. This mode does not require any external latches.

Figure 13-37: Demultiplexed Addressing, 16-bit Data (Up to 15-bit Address)
Address Bus — —
Data Bus ——
Control Lines
PIC32 32K x 16-bit Device
A<14:0>
PMA<14:0> P A<14:0>
D<15:0>
PMD<15:0> [ P | D<15:0>
CE
OE  WR
PMCS2
PMRD
PMWR
Note: Master mode 2: MODE<1:0> bits (PMMODE<9:8>) = 10.
16-bit data width: MODE16 bit (PMMODE<10>) = 1.
Demultiplexed mode: ADRMUX<1:0> bits (PMCON<12:11>) = 00.
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13.8.2  Partial Multiplexed Memory or Peripheral

Figure 13-38 illustrates the connections to an 8-bit memory or other addressable peripheral in
Partial Multiplex mode. In this mode, an external latch is required. Consequently, from the
microcontroller perspective, this mode achieves some pin savings over the Demultiplexed mode,
however, at the price of performance. The lower 8 bits of the address are multiplexed with the
PMD<7:0> data bus and require one extra peripheral bus clock cycle.

Figure 13-38: Partial Multiplexed Addressing, 8-bit Data (Up to 15-bit Address)

Address Bus —
Data Bus —
Control Lines
PIC32
PMALL 32K x 8-bit Device
: A<7:0>
PMD<7:0> |« D<7:02y,| 373 P A<14:0>
D<7:0>
? | D<7:0>
A<14:8>
PMA<14:8> _
|% CE
PMCS2 OE WR
PMRD /I\
PMWR

Note: Master mode 2: MODE<1:0> bits (PMMODE<9:8>) = 10.
8-bit data width: MODE16 bit (PMMODE<10>) = 0.
Partial Multiplexed mode: ADRMUX<1:0> bits (PMCON<12:11>) = 01.
The block labeled 373 in the diagram represents a generic 74XX family 373 latch.

If the peripheral has internal latches as shown in Figure 13-39, no extra circuitry is required
except for the peripheral itself.
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Figure 13-39: Partial Multiplexed Addressing, 8-bit Data

Data Bus —
Control Lines

8-bit Device
PI1C32 Parallel Peripheral
PMD<7:03¢¢ | AD<7:0>
PMALL ALE
PMCS2 cs
PMRD RD
PMWR WR

Note: Master mode 2: MODE<1:0> bits (PMMODE<9:8>) = 10.
8-bit data width: MODE16 bit (PMMODE<10>) = 0.
Partial Multiplexed mode: ADRMUX<1:0> bits (PMCON<12:11>) = 01.
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Figure 13-40 illustrates the connections to a 16-bit memory or other addressable peripheral in
Partial Multiplex mode. In this mode, an external latch is required. Consequently, from the
microcontroller perspective, this mode achieves some pin savings over the Demultiplexed mode,
however, at the price of performance. The lower 8 bits of address are multiplexed with the
PMD<7:0> data bus and require one extra peripheral bus clock cycle.

Figure 13-40: Partial Multiplexed Addressing, 16-bit Data (Up to 15-bit Address)

Address Bus —
Data Bus —
Control Lines
PIC32 . .
PMALL A7 32K x 16-hit Device
D<7:0> <7:0>
PMD<15:0> 4 ? P 373 'y P A<14:0>
D<15:0> » D<15:0>
A<14:8>
PMA<14:8> L
P CE
PMCS2 OE WR
PMRD )
PMWR

Note: Master mode 2: MODE<1:0> bits (PMMODE<9:8>) = 10.
16-bit data width: MODE16 bit (PMMODE<10>) = 1.
Partial Multiplexed mode: ADRMUX<1:0> bits (PMCON<12:11>) = 01.
The block labeled 373 in the diagram represents a generic 74XX family 373 latch.

13.8.3  Full Multiplexed Memory or Peripheral

Figure 13-41 illustrates the connections to a memory or other addressable peripheral in full 8-bit
Multiplexed mode, ADRMUX<1:0> hits (PMCON<12:11>) = 10. Consequently, from the
microcontroller perspective, this mode achieves the best pin saving over the Demultiplexed
mode or Partially Multiplexed mode, however, at the price of performance. The lower 8 address
bits are multiplexed with the PMD<7:0> data bus followed by the upper 6 or 7 address bits (if
CS2, CS1 or both are enabled) and therefore require two extra peripheral bus clock cycles.

Figure 13-41: Fully Multiplexed Addressing, 8-bit Data (Up to 15-bit Address)

Address Bus —
Data Bus —
Control Lines
PIC32 32K x 8-bit Device
PMALL A<T:0>
PMD<7:0> |«¢ == 373 'y P A<14:0>
D<7:0>
< | D<7:0>
CE
A<14:8> - TS
» 373 OE WR
PMALH
PMCS2
PMRD
PMWR

Note: Master mode 2: MODE<1:0> bits (PMMODE<9:8>) = 10.
8-bit data width: MODE16 bit (PMMODE<10>) = 0.
Fully Multiplexed mode: ADRMUX<1:0> bits (PMCON<12:11>) = 10.
The blocks labeled 373 in the diagram represent a generic 74XX family 373 latch.

DS61128F-page 13-44

© 2011 Microchip Technology Inc.



Section 13. Parallel Master Port (PMP)

Figure 13-42 illustrates the connections to a 16-bit memory or other addressable peripheral in
full 16-bit Multiplex mode, ADRMUX<1:0> bits (PMCON<12:11>) = 10. Consequently, from the
microcontroller perspective, this mode achieves the best pin saving over the Demultiplexed
mode or Partially Multiplexed mode, however, at the price of performance. The lower 8 address
bits are multiplexed with the PMD<7:0> data bus followed by the upper 6 or 7 address bits (if
CS2, CS1 or both are enabled) and therefore require two extra peripheral bus clock cycles.

Figure 13-42: Fully Multiplexed Addressing, 16-bit Data (Up to 15-bit Address)

Address Bus —
Data Bus —
Control Lines —_—
PIC32 32K x 16-bit Device
PMALL
D<7:0> A<7:0>
PMD<15:0> |«¢ = 373 yy P A<14:0>
D<15:0>
< el | D<15:0>
CE
D<7:0>’ 473 A<14:8> OE WR
PMALH
PMCS2
PMRD
PMWR
Note: Master mode 2: MODE<1:0> bits (PMMODE<9:8>) = 10.
16-bit data width: MODE16 bit (PMMODE<10>) = 1.
Fully Multiplexed mode: ADRMUX<1:0> bits (PMCON<12:11>) = 10.
The blocks labeled 373 in the diagram represent a generic 74XX family 373 latch.

Figure 13-43 illustrates the connections to a 16-bit memory or other addressable peripheral in
full 16-bit Multiplex mode, ADRMUX<1:0> bits (PMCON<12:11>) = 11. Consequently, from the
microcontroller perspective, this mode achieves the best pin saving over the Demultiplexed
mode or Partially Multiplexed mode, however, at the price of performance. Compared to the
previous Full Multiplex mode, ADRMUX = 10, this mode multiplexes 14 or 15 address bits (if
CS2, CS1 or both are enabled) simultaneously with the PMD<15:0> bus and therefore requires
only one extra peripheral bus clock cycle.

Figure 13-43: Fully Multiplexed Addressing, 16-bit Data (Up to 15-bit Address), Example 2
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Address Bus —
Data Bus —
Control Lines
PIC32 32K x 16-bit Device
PMALL D705 A<7:0>
PMD<15:0> | P 373 yy P A<14:0>
< D<10:02 | D<15:0>
CE
D<15:8> A<14:8> A  WR
373 OE WR
PMALH
PMCS2
PMRD
PMWR
Note: Master mode 2: MODE<1:0> bits (PMMODE<9:8>) = 10.
16-bit data width: MODE16 bit (PMMODE<10>) = 1.
Fully Multiplexed mode: ADRMUX<1:0> bits (PMCON<12:11>) = 11.
The blocks labeled 373 in the diagram represent a generic 74XX family 373 latch.

© 2011 Microchip Technology Inc. DS61128F-page 13-45



PIC32 Family Reference Manual

13.8.4  8-bit LCD Controller Example

The PMP module can be configured to connect to a typical LCD controller interface as shown in
Figure 13-44. In this case, the PMP module is configured for Master mode 1, MODE<1:0> =11
(PMMODE<9:8>), and uses active-high control signals as common LCD displays require
active-high control.

Figure 13-44: Demultiplexed Addressing, 8-bit Data, LCD Controller

Address Line —
Data Bus —
Control Lines

PIC32 LCD Controller
PMD<7:0> | P | D<7:0>
PMAO P RS
PMRD/WR > R/W
PMENB > E

Note: Master mode 1: MODE<1:0> bhits (PMMODE<9:8>) = 11.
8-bit data width: MODE16 bit (PMMODE<10>) = 0.
Demultiplexed mode: ADRMUX<1:0> bits (PMCON<12:11>) = 00.
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13.9 PARALLEL SLAVE PORT APPLICATION

Figure 13-45 illustrates the connections to a master peripheral in 8-bit Data mode as a slave,
MODE<1:0> bits (PMMODE<9:8>) = 00. The microcontroller's PMP is controlled by a Chip

Select (PMCS1).

Figure 13-45: Legacy Mode Slave Port

Data Bus —

Control Lines —_—

PIC32 MASTER
PMD<7:0> ﬁ D<7:0>
PMCS1 |« CE
PMRD |« OE
PMWR |« WR

Note: Legacy Slave mode: MODE<1:0> bits (PMMODE<9:8>) = 00.

13.10 DIRECT MEMORY ACCESS SUPPORT

Direct Memory Access (DMA) reads from and writes to the PMDIN register when the PMP
module is configured for Master mode. The following steps are to be performed for using DMA.

1. Setthe CHSIRQ<7:0> bhits (DCHXECON<15:8>) to the PMP IRQ number.
Configure the PMP module as a master (MODE<1:0> (PMMODE<9:8>) = 11 or 10).
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2.
3. Setthe IRQM<1:0> bits (PMMODE<14:13>) = 01 to generate the PMP interrupts on every
byte.
Note: In Slave mode, the Parallel Master Port module cannot operate with DMA. I
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13.11 I/0 PIN CONTROL
13.11.1 /O Pin Resources

When enabling the PMP module for Master mode operations, the PMAEN register must be
configured (set to ‘1’) for the corresponding bits of the PMA<15:0> 1/O pins to be controlled by
the PMP module. The 1/0O pins not configured for use by the PMP module remain as general
purpose I/O pins.

Table 13-10: Required I/0O Pin Resources for Master Modes

1/0 Pin Name Demultiplex MZ?trit[I)?elx Mu'I:tLijrl)IIex Functional Description

PMPCS2/PMA15 Yes@ Yes@ Yes® | PMP Chip Select 2/Address
Al5

PMPCS1/PMA14 Yes® Yes® Yes® | PMP Chip Select 1/Address
Al4

PMA<13:2> Yes@ Yes(®) No®  |PMP Address A13...A2

PMAL1/PALH No® No® Yes® | PMP Address Al/Address
Latch High

PMAO/PALL No® Yes(®) Yes® | PMP Address AO/Address
Latch Low

PMRD/PMWR Yes Yes Yes PMP Read/Write Control

PMWR/PMENB Yes Yes Yes PMP Write/Enable Control

PMD<15:0>(®) Yes(®) Yes®) Yes® | PMP Bidirectional Data Bus
D15...D0

Note 1. “No”indicates the pin is not required and is available as a general purpose 1/O pin
when the corresponding PMAEN bit is cleared (= 0).

2. Depending on the application, not all PMA<15:0> or CS2, CS1 may be required.

3:  When Partial Multiplex mode is selected (ADDRMUX<1:0> = 01), the lower 8
address lines are multiplexed with PMD<7:0>, PMA<0> becomes (ALL) and
PMA<7:1> are available as general purpose I/O pins.

4:  When Full Multiplex mode is selected (ADDRMUX<1:0>=10or 11), all 16
address lines are multiplexed with PMD<15:0>, PMA<0> becomes (ALL), PMA<1>
becomes (ALH) and PMA<13:2> are available as general purpose I/O pins.

5: If MODE16 = 0, only PMD<7:0> are required. PMD<15:8> are available as general
purpose 1/O pins.

6: Data pins PMD<15:0> are available on PIC32 devices with 100 or more pins. For
all other device variants, only pins PMD<7:0> are available. Refer to the specific
PIC32 device data sheet for details.

When enabling any of the PMP module for Slave mode operations, the PMPCS1, PMRD, PMWR
control pins and PMD<7:0> data pins are automatically enabled and configured. The user is,
however, responsible for selecting the appropriate polarity for these control lines.

Table 13-11: Required I/0O Pin Resources for Slave Modes

I/O Pin Name Legacy Buffered | Enhanced Functional Description
PMPCS1/PMA14 Yes Yes Yes Chip Select
PMA1/PALH No®) No® Yes Address Al
PMAO/PALL No() No® Yes Address A0
PMRD/PMWR Yes Yes Yes Read Control
PMWR/PMENB Yes Yes Yes Write Control
PMD<15:0> Yes® Yes® Yes® | Bidirectional Data Bus D7...D0

Note 1: “No”indicates the pin is not required and is available as a general purpose 1/O pin
when the corresponding PMAEN bit is cleared (= 0).
2: Slave modes use only PMD<7:0> pins. PMD<15:8> are available as general pur-
pose I/O pins. Control bit MODE16 (PMMODE<10>) is ignored.
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13.11.2

I/O Pin Configuration

Table 13-12 provides a summary of the settings required to enable the I/O pin resources used
with this module. The PMAEN register controls the functionality of pins PMA<15:0>. Setting any
PMAEN bit = 1 configures the corresponding PMA pin as an address line. The bits that are set

to ‘0’ remain as general purpose I/O pins.

Table 13-12:  1/O Pin Configuration
. . 1 I . Buffer .
I/0 Pin Name | Required® Bit Field TRIS Pin Type Type Description
PMPCS2/PMA15 Yes CSF<1:0>, — (0] CMOS PMP Chip Select 2/
CS2, Address A15
PTEN15
PMPCS1/PMA14 Yes CSF<1:0>, — (0] CMOS PMP Chip Select 1/
Cs1 Address Al4
PTEN14
PMA<13:2> Yes PTEN<13:2> — (@] CMOS |PMP Address Al13... A2
PMAZL/PALH Yes PTEN<1> — 1@, 0 CMOS |PMP Address Al/
Address Latch High
PMAO/PALL Yes PTEN<0> — 1@, o CMOS | PMP Address A0/
Address Latch Low
PMRD/PMWR Yes PTRDEN — o) CMOS | PMP Read/Write Control
PMWR/PMENB Yes PTWREN — O CMOS PMP Write/
Enable Control
PMD<15:0> Yes MODE16, — 12,0 CMOS | PMP Bidirectional Data
ADRMUX<1:0> Bus D15... DO
Legend: CMOS = CMOS-compatible input or output ST = Schmitt Trigger input with CMOS levels

I = Input
Note 1:

these pins can be used for general purpose I/O.

2. Input buffers can be Schmitt Trigger or TTL.

O = Output

Depending on the PMP mode and the user’s application, these pins may not be required. If not enabled,

© 2011 Microchip Technology Inc.
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13.12

DESIGN TIPS

Question 1:

Answer:

Figure 13-46:

Is it possible for the PMP module to address memory devices larger than
64K?

Yes; however, not directly under the control of the PMP module. When using the
PMCS2 or PMCS1 Chip Select pins, the addressable range is limited to 16K or
32K locations, depending on the Chip Select pin being used. Disabling PMCS2
and PMCS1 as Chip Selects allows these pins to function as address lines
PMA15 and PMA14, increasing the range to 64K addressable locations. A
dedicated I/O pin is required to function as the Chip Select and the user’s
software must now control the function of this pin.

To interface to memory devices larger than 64K, use additional available 1/0 pins
as the higher order address lines A16, A17, A18, etc., as shown in Figure 13-46.

Interface to a 16 Megabit (1M x 16-bit) SRAM Memory Device

Address Bus —
Data Bus f—

Control Lines

PIC32 Device
RD3 P A<19>
RD2 P A<18>
RD1 | A<17>
RDO p| A<16>
A<15:0>
PMA<15:0> P A<15:0>
D<15:0>
PMD<15:0> [ P D<15:0>
CE
OE WR
RG15
PMRD
PMWR

1024K x 16-bit

Note: Master mode 2: MODE<1:0> bits (PMMODE<9:8>) = 10.
16-bit data width: MODE16 bit (PMMODE<10>) = 1.
Demultiplexed mode: ADRMUX<1:0> bits (PMCON<12:11>) = 00.

Question 2:

Answer:

Is it possible to execute code from an external memory device connected
to the PMP module?

No. Due to the architecture of the PMP module, this is not possible. Only data can
be read or written through the PMP.

DS61128F-page 13-50

© 2011 Microchip Technology Inc.



Section 13. Parallel Master Port (PMP)

13.13 RELATED APPLICATION NOTES

This section lists application notes that are related to this section of the manual. These
application notes may not be written specifically for the PIC32 device family, but the concepts are
pertinent and could be used with modification and possible limitations. The current application
notes related to the Parallel Master Port (PMP) module are:

Application Note #
N/A

Title
No related application notes at this time.

Note:  Please visit the Microchip web site (www.microchip.com) for additional Application
Notes and code examples for the PIC32 family of devices.
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13.14 REVISION HISTORY

Revision A (August 2007)

This is the initial released version of this document.

Revision B (October 2007)

Updated document to remove Confidential status.

Revision C (April 2008)

Revised status to Preliminary; Revised U-0 to r-x; Revised Table 13-10; Revised Section 13.3.1.6
and Section 13.3.8; Revised Register 13-5; Revised Figures 13-11, 13-37, 13-40, 13-41, 13-42,
13-43, 13-46; Revised Timing Diagram text for Figures 13-16, 13-18, 13-19.

Revision D (June 2008)

Revised Register 13-1, add note to FRZ; Revised Figures 13-4, 13-6, 13-8, 13-10, 13-36, 13-37,
13-38, 13-45; Revised Table 13-6; Revised Examples 13-6 and 13-7; Change Reserved bits from
“Maintain as” to “Write”; Added Note to ON bit (PMCON Register).

Revision E (October 2009)

This revision includes the following updates:

« Minor updates to text and formatting have been implemented throughout the document

« Added the following item to the key feature list: Schmitt Trigger or TTL input buffers (see
13.1 “Introduction”)

* Interrupts Register Summary (Table 13-1):
- Removed all references to the Clear, Set and Invert registers
- Added the Address Offset column
- Added Notes 1, 2 and 3, which describe the Clear, Set and Invert registers
» Added Notes 1, 2 and 3, which describe the Clear, Set and Invert registers to the following
registers
- PMCON: Parallel Port Control Register (see Register 13-1)
- PMMODE: Parallel Port Mode Register (see Register 13-2)
- PMADDR: Parallel Port Address Register (see Register 13-3)
- PMDOUT: Parallel Port Data Output Register (see Register 13-4)
- PMDIN: Parallel Port Data Input Register (see Register 13-5)
- PMAEN: Parallel Port Pin Enable Register (see Register 13-6)
- PMSTAT: Parallel Port Status Register (Slave modes only) (see Register 13-7)
« Removed all references to Interrupt registers (IEC1, IFS1 and IPC7)
¢ Added a shaded note to 13.4.1.4 “Legacy Mode Interrupt Operation”

» Updated the 2-3 TPBCLK cycles duration in Figure 13-32, Figure 13-33, Figure 13-34 and
Figure 13-35

« Added Note 2 to the I/O Pin Configuration table (Table 13-12)

Revision F (May 2011)

This revision includes the following updates:

* Changed all occurrences of PIC32MX to PIC32

* Updated the note in section 13.4.1.4 “Legacy Mode Interrupt Operation”

* Added a new section 13.10 “Direct Memory Access Support”

« Removed the Notes referencing the CLR, SET, and INV registers from all register tables
» Changed all occurrences of r-x to U-0 in all register tables

« Updated Figure 13-32 and Figure 13-33

* Removed the Module Control column from Table 13-12
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Revision F (May 2011) (Continued)
« Removed the note from section 13.6.2 “PMP Operation in Idle Mode”

* Removed the Table 13-10 and Table 13-11
« Minor changes to the text and formatting have been incorporated throughout the document
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NOTES:
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