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Addendum for Revision 2.0

1

Addendum for Revision 2.0

Table 1. MPC5534RM Rev 2.0 addendum

Location

Description

Table 9-23, “DMA Request
Summary for eDMA”"/Page
9-39

Change one row in the table to correct information about eSCI COMBTX DMA request. Only the
Transmit Data Register Empty and LIN Transmit Data Ready flags drive the DMA request. The

Transmit Complete flag is not used.

DMA Request | Channel Source Description
eSCIA_COMBTX 18 ESCIA.SR[TDRE] || | eSCIA combined DMA
ESCIA.SR[TC] || request of the Transmit

Data Register Empty
and LIN Transmit Data
Ready DMA requests

ESCIA.SR[TXRDY]

Figure 5-2, “Master Privilege
Control Registers”/Page 5-3

Change read status for bits 16—31 from zero to reserved.

Table A-2, “MPC5534 Detailed
Register Map”/Page A-2

Correct name of peripheral bridge A control register by adding underscore (PBRIDGEA_x
becomes PBRIDGE_A_x).

Register Description Register Name Lé?zes Address
Peripheral bridge A master privilege PBRIDGE_A_MPCR | 32-bit |[Base + 0x0000
control register

Table A-2, “MPC5534 Detailed
Register Map”/Pages A-27

Correct names of peripheral bridge B control registers by adding underscore (PBRIDGEB_x
becomes PBRIDGE_B_x).

Register Description Register Name USSI'Zeg Address
Peripheral bridge B master privilege PBRIDGE_B_MPCR | 32-bit [Base + 0x0000
control register

Chapter 1, “Overview"/ Page
1-1

Delete the word “dual” from eTPU in the sentence “The complex I/O timer functions of MPC5534
are performed by a dual Enhanced Time Processor Unit engine (eTPU)".

Section 6.4.1.9: “IRQ
Rising-Edge Event Enable
Register (SIU_IREER)"/Page
6-20

Correct offset address of SIU_IERRR by changing it from “Address: Base + 0x0002" to “Address:
Base + 0x0028.”

Table 6-12, “SIU_DIRER Field

Correct the table heading by replacing SIU_DIRER with SIU_DIRSR.

Descriptions”/Page 6-18
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Addendum for Revision 2.0

Table 1. MPC5534RM Rev 2.0 addendum (continued)

Location

Description

Figure 16-12,” Unified
Channel Block Diagram”/Page
16-25

Reverse the arrow between the “Programmable Filter” and “Edge Detect”. Align the junction point
on the signal path from “Edge Detect” in the direction of “Internal Counter”.
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Flgure 17-12. Unliled Channel Block Dlagram

Section 9.3.1: eDMA
Microarchitecture/ Page 9-29

In the Memory controller sub-bullet, delete the line “The hooks to a BIST controller for the local
TCD memory are included in this module”.

Section 9.2.2.13: eDMA
Interrupt Request Register
(EDMA_IRQRL)/ Page 9-17

In the third paragraph, remove the last line “without the need to perform a read-modify-write
sequence to the EDMA_IRQRL".

Section 10.5.5.1: Elevating
Priority/ Page 10-31

e From:
After they release the resource, they must lower the PRI value in INTC_CPR to prevent further
priority inversion

e To:
After they release the resource, the PRI value in INTC_CPR can be lowered.

e From:
Using the PCP instead of disabling processor recognition of all interrupts reduces the priority
inversion time when accessing a shared resource.

e To:
Using the PCP instead of disabling processor recognition of all interrupts eliminates the time
when accessing a shared resource that all higher priority interrupts are blocked.”

MPC5534 Reference Manual Addendum, Rev. 3
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Addendum for Revision 2.0

Table 1. MPC5534RM Rev 2.0 addendum (continued)

Location

Description

Section 10.5.6: Selecting
Priorities According to
Request Rates
and Deadlines/ Page 10-32

From:

Reducing the number of priorities does cause some priority inversion which reduces the
processor's ability to meet its deadlines. It also allows easier management of ISRs with similar
deadlines that share a resource. They can be placed at the same priority without any further
priority inversion, and they do not need to use the PCP to access the shared resource”

To:

Reducing the number of priorities does reduce the processor's ability to meet its deadlines.
However, it also allows easier management of ISRs with similar deadlines that share a
resource. They do not need to use the PCP to access the shared resource.

Section 10.5.7.1, “Scheduling
a Lower Priority Portion of an
ISR/ Page 10-33

From:

Therefore, executing this later portion which does not need to be executed at this higher
priority can block the execution of ISRs which do not have a higher priority than the earlier
portion of the ISR but do have a higher priority than what the later portion of the ISR needs.
This priority inversion reduces the processor's ability to meet its deadlines.

To:

Therefore, executing this later portion which does not need to be executed at this higher
priority can prevent the execution of ISRs which do not have a higher priority than the earlier
portion of the ISR but do have a higher priority than what the later portion of the ISR needs.
This preemptive scheduling inefficiency reduces the processor's ability to meet its deadlines.
From:

This software settable interrupt request, which usually will have a lower PRIn value in the
INTC_PSRn, therefore will not cause priority inversion.

To:

This software settable interrupt request, which usually will have a lower PRIn value in the
INTC_PSRn, therefore will not cause preemptive scheduling inefficiencies.

Section 10.5.8, “Lowering
Priority Within an ISR/ Page
10-33

From:

the only way (besides scheduling a task through an RTOS) to prevent priority inversion with
an ISR whose work spans multiple priorities”

To:

a way (besides scheduling a task through an RTOS) to prevent preemptive scheduling
inefficiencies with an ISR whose work spans multiple priorities

From:

Therefore, the INTC does not support lowering the current priority within an ISR as a way to
avoid priority inversion.

To:

Therefore, through its use of the LIFO the INTC does not support lowering the current priority
within an ISR as a way to avoid preemptive scheduling inefficiencies.

Table 6-29, “SIU_DISR Field
Descriptions”/ Page 6-71

Bit 14-15-TRIGSELB bit: Correct the input select description as follows:
00: Replace the term “Invalid value” with “No Trigger”
01: Replace the term “Invalid value” with “No Trigger”
Bit 22-23-TRIGSELC bit: Correct the input select description as follows:
00: Replace the term “Invalid value” with “No Trigger”
01: Replace the term “Invalid value” with “No Trigger”
Bit 30-31-TRIGSELD bit: Correct the input select description as follows:
00: Replace the term “Invalid value” with “No Trigger”
01: Replace the term “Invalid value” with “No Trigger”

MPC5534 Reference Manual Addendum, Rev. 3
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Addendum for Revision 2.0

Table 1. MPC5534RM Rev 2.0 addendum (continued)

Location

Description

Table 7-2, “XBAR Register
Memory Map”/ Page 7-3

Add the following rows in the memory map table to include XBAR_MGPCRn registers.

register for master port 4

Address Register Name Register Description Bits
Base + 0x0800 XBAR_MGPCRO |Master General-purpose control 32
register for master port 0
Base + — Reserved —
0x0804—0x08FF
Base + 0x0900 XBAR_MGPCR1 |Master General-purpose control 32
register for master port 1
Base + — Reserved =
0x0904—-0x09FF
Base + 0xOA00 XBAR_MGPCR2 |Master General-purpose control 32
register for master port 2
Base + — Reserved —
0x0A04—0x0AFF
Base + 0x0CO00 XBAR_MGPCR4 |Master General-purpose control 32

Base0x0B04—-0x0
003_FFFF

Reserved

MPC5534 Reference Manual Addendum, Rev. 3
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Addendum for Revision 2.0

Table 1. MPC5534RM Rev 2.0 addendum (continued)

Location

Description

Section 7.2.1,
“Register Descriptions”

Add the new section to include the XBAR_MGPCRn register description.

Master General Purpose Control Registers (XBAR_MGPCRN)

The Master General Purpose Control Register (XBAR_MGPCR) controls the arbitration policy
during undefined length burst accesses. The AULB (Arbitrate on Undefined Length Bursts) field
determines whether or not arbitration occurs for the slave port the master owns when the master
is performing undefined length burst accesses.

The MGPCR can only be accessed in supervisor mode with 32-bit access.

Address Base + 0x0800 (XBAR_MGPCRO) Access: R/IW
: Base + 0x0900 (XBAR_MGPCR1)

Base + OxOA00 (XBAR_MGPCR2)

Base + 0x0C00 (XBAR_MGPCR4)

o 1 2 3|4 5 6 7 /8 9 10 11 |12 13 14 15
rRrO|O0O|j]O|lO}jO|jO|JOjO|]O|JO|OjO]O|O0]O0]O

Reset 0O 0 0 O|O0O O O OO O O O/ 0 O 0 O

16 17 18 19 |20 21 22 23 |24 25 26 27 |28 29 30 31
rRHOjO0O|jO|lOjO]jJ]O|lOjO|]O|JO|O0O]O0]O

w

AULB

Reset 0 0 0 OO0 O O OO0 O O O|O O O O
Master General-Purpose Control Registers (XBAR_MGPCRn)

Section 10.4.1, “Interrupt
Request Sources”/ Page
10-22

Correct the content of the note.

e From:
The INTC has no spurious vector support. If an asserted peripheral or software settable
interrupt request:
- Has a PRIn value (INTC_PSRO-INTC_PSR203) higher than the PRI value in INTC_CPR,;
and
- Negates before the processor for that interrupt request acknowledges IRQ
The IRQ to the processor can assert or remain asserted for that peripheral or software
configurable interrupt request. In this case, the interrupt vector for the peripheral or software
configurable IRQ remains, and the PRI value in the INTC_CPR is updated to the PRIn value
in INTC_PSRn

e To:
The INTC does not have spurious vector support. The peripheral or software settable interrupt
request asserts when the PRIn value in the interrupt priority select register (INTC_PSRn) is
greater than the PRIn value in the interrupt current priority register (INTC_CPR).
If an asserted peripheral or software settable interrupt request negates before the processor
acknowledges its request, the interrupt request can reassert and remain asserted. If this
occurs, the processor uses the INTC_PSRn value to locate the IRQ vector, and updates the
PRIn value in the INTC_CPR with the PRIn value in INTC_PSRn.

MPC5534 Reference Manual Addendum, Rev. 3
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Table 1. MPC5534RM Rev 2.0 addendum (continued)

Location

Description

Section 10.3.1.3, “INTC
Interrupt Acknowledge
Register
(INTC_IACKR)"/Page 10-10

Remove the first paragraph from the “Note”:

“The INTC_IACKR must not be read speculatively while in software vector
mode. Therefore, for future compatibility, the TLB entry covering the
INTC_IACKR must be configured to be guarded.”

Table 10-3. INTC Memory
Map/Page 10-8

Add the following note at the end of this table:
Note:

To ensure compatibility with all PowerPC processors, the TLB entry covering the INTC memory

map must be configured as guarded, both in software and hardware vector modes.

« In software vector mode, the INTC_IACKR must not be read speculatively.

« In hardware vector mode, guarded writes to the INTC_CPR or INTC_EOIR complete before
the interrupt acknowledge signal from the processor asserts.

MPC5534 Reference Manual Addendum, Rev. 3
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Addendum for Revision 2.0

Table 1. MPC5534RM Rev 2.0 addendum (continued)

Location

Description

Table 16-9/ Page 16-15

Bit 7—DMA: Replace the table that shows the eMIOS channels that don’t support DMA with the

following table.

eMIOS Channel DMA =0 DMA =1
0 Interrupt DMA request
1 Interrupt DMA request
2 Interrupt DMA request
3 Interrupt DMA request
4 Interrupt DMA request
5 Interrupt Reserved
6 Interrupt Reserved
7 Interrupt Reserved
8 Interrupt DMA request
9 Interrupt DMA request
10 Interrupt Reserved
11 Interrupt Reserved
12 Interrupt Reserved
13 Interrupt Reserved
14 Interrupt Reserved
15 Interrupt Reserved
16 Interrupt Reserved
17 Interrupt Reserved
18 Interrupt Reserved
19 Interrupt Reserved
20 Interrupt Reserved
21 Interrupt Reserved
22 Interrupt Reserved
23 Interrupt Reserved

MPC5534 Reference Manual Addendum, Rev. 3
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Table 1. MPC5534RM Rev 2.0 addendum (continued)

Location

Description

Table 10-9. INTC: Interrupt
Request Sources/ Page 10-22

Update the note at the end of this table as follows:
Note:

The INTC has no spurious vector support. Therefore, if an asserted peripheral or software
settable interrupt request (whose PRI value in INTC_PSRn is higher than the PRI value in
INTC_CPR) negates before the interrupt request to the processor for that peripheral or software
settable interrupt request is acknowledged, the interrupt request to the processor still can assert
or remain asserted for that peripheral or software settable interrupt request. If the interrupt
request to the processor does assert or does remain asserted:
¢ The interrupt vector will correspond to that peripheral or software settable interrupt request.
e The PRI value in the INTC_CPR will be updated with the corresponding PRI value in
INTC_PSRn.
Furthermore, clearing the peripheral interrupt request's enable bit in the peripheral or,
alternatively, setting its mask bit has the same consequences as clearing its flag bit.Setting its
enable bit or clearing its mask bit while its flag bit is asserted has the same effect on the INTC
as an interrupt event setting the flag bit.

Section 10.4.2.1.4, “Priority
Comparator Submodule”/
Page 10-23

Add the following paragraph to this section: One consequence of the priority comparator design
is that once a higher priority interrupt is captured, it must be acknowledged by the CPU before a
subsequent interrupt request of even higher priority can be captured. For example, if the CPU is
executing a priority level 1 interrupt, and a priority level 2 interrupt request is captured by the
INTC, followed shortly by a priority level 3 interrupt request to the INTC, the level 2 interrupt must
be acknowledged by the CPU before a new level 3 interrupt will be generated.

MPC5534 Reference Manual Addendum, Rev. 3
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Table 1. MPC5534RM Rev 2.0 addendum (continued)

Location

Description

Section 10.5.5.2, “Ensuring

Coherency’/ Page 10-31

Move the content of this section under a new heading Section 10.5.5.2.1, “Interrupt with Blocked
Priority”.

Add the following paragraph to this section:

Section 10.5.5.2.2: Raised Priority Preserved

Before the instruction after the GetResource system service executes, all pending transactions
have completed. These pending transactions can include an ISR for a peripheral or software
settable interrupt request whose priority was equal to or lower than the raised priority. Also,
during the epilog of the interrupt exception handler for this preempting ISR, the raised priority
has been restored from the LIFO to PRI in INTC_CPR. The shared coherent data block now can
be accessed coherently. Following figure shows the timing diagram for this scenario, and the
table explains the events. The example is for software vector mode, but except for the method of
retrieving the vector and acknowledging the interrupt request to the processor, hardware vector
mode is identical.

Clock _/—\_/_\_/ /_\_/_\_/ - '/_\_/_\_/ T /_\_/_\_/_\_/_\_/_

to Processor. \ - -

2

Hardware Vector
Enable . _ -

Interrupt Vector 0

[ [ T T T 1

Interrupt
Acknowledge

(C)
Wi
|NTc_cgtF§ [ 0
INTC_IAE?F? /AN __ o
INTC_I\ENOr:th [\
INTVEC in -- --

INTC_IACKR Q_ R | __J
] [ T 1 \ __ ") 0
PRI 'in X
INTC_CPR | _ _

Last In/ First Out -
Entry in LIFO - -

Peripheral Interrupt

Request 100
° )

Peripheral Interrupt - T
Request 200 _/ \

o
_— ]
w

Raised Priority Preserved Timing Diagram
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Addendum for Revision 2.0

Table 1. MPC5534RM Rev 2.0 addendum (continued)

Location

Description

Raised Priority Preserved Events

Event Description

A |Peripheral interrupt request 200 asserts during execution of ISR108 running at
priority 1.

B |Interrupt request to processor asserts. INTVEC in INTC_IACKR updates with vector
for that peripheral interrupt request.

C |[ISR108 writes to INTC_CPR to raise priority to 3 before accessing shared coherent
data block.

D |PRIInINTC_CPR now at 3, reflecting the write. This write, just before accessing
data block, is the last instruction the processor executes before being interrupted.

Interrupt exception handler prolog acknowledges interrupt by reading INTC_IACKR.
PRI of 3 pushed onto LIFO. PRI in INTC_CPR updates to 2, the priority of ISR208.

ISR208 clears its flag bit, deasserting its peripheral interrupt request.

I ®| | m

Interrupt exception handler epilog writes to INTC_EOIR.

| LIFO pops 3, restoring the raised priority onto PRI in INTC_CPR. Next value to pop
from LIFO is the priority from before peripheral interrupt request 100 interrupted.
ISR108 now can access data block coherently after interrupt exception handler
executes rfi instruction.

Section 18.4.5.4.1
“Calibration Overview”

Remove the braces from the equation “CAL_RES = GCC x (RAW_RES + OCC + 2)".

Section 21.4.6.1
“Freeze mode”

Remove the text “CANx_RXIMRn registers can be programmed only if the MBFEN bit is
asserted”.

Section 21.1.3
“Features”

* Remove the “Includes 256 bytes of RAM used for filtering individual RX mask registers”
statement.

« Change “Programmable for global (compatible with previous versions) or individual receive ID
masking” to “Programmable Global (compatible with previous versions) receive ID masking”.

Section 21.3.1
“Memory Map”

Change last three rows (Base+0x0880 - Base+0x097F) in "Module Memory Map" table to
reserved

MPC5534 Reference Manual Addendum, Rev. 3
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Revision history

Table 1. MPC5534RM Rev 2.0 addendum (continued)

Location

Description

Section 21.3.3.1
“Module Configuration
Register (CANx_MCR)”

In “CANX_MCR Field Descriptions” table, changed the MBFEN bit description.
Change the whole text to remove all references to Individual masking. Left only Reception Queue
function. The updated text is as follows:

This bit provides the capability of enabling/disabling reception queue.

By negating MBFEN, global masking is enabled and FlexCAN uses the Rx ID masking scheme
of RXGMASK, RX14MASK and RX15MASK. MB14 and MB15 have individual masks and the
others share the global mask. This configuration does not provide a reception queue; that is, a
received message always fills the first matching buffer, setting the CODE field to overrun if the
buffer contained an unread message. See Section 21.3.3.4, “RX Mask Registers” for more
information. Keep MBFEN negated for compatibility with previous FlexCAN versions, which
negates MBFEN at reset to retain compatibility with existing software.

By asserting MBFEN, the reception queue features are enabled, while the global
masking is used for message filtering as if MBFEN was negated. See Section 21.4.3.2,
“Reception Queue” for more information.

0 = Reception queue features are disabled (thus the device is compatible with previous FlexCAN
versions).
1 = Reception queue features are enabled.

Section 21.3.3.5
“RX Individual Mask Registers
(CANx_RXIMRO through
CANx_RXIMR63)"

Remove this complete section.

Section 21.4.3.2
“Reception Queue”

Change “By programming more than one MB with the same ID, received messages are queued
into the MBs. Matching to a range of IDs is possible by using ID acceptance masks that mask
individual MBs” to “By programming more than one MB with the same ID, received messages
are queued into the MBs. Matching to a range of IDs is possible by using ID acceptance masks”.

Section 21.5.1
“FlexCAN2 Initialization
Sequence”

Change “The initialization of FIexCAN registers for either global or individual acceptance
masking depends on the configuration of MBFEN:

- If MBFEN is negated, initialize CANX_RXGMASK, CANx_RX14MASK, and
CANx_RX15MASK registers for acceptance mask.

- If MBFEN is asserted, initialize CANx_RXIMR[0-63] for individual acceptance masking”. to
“Initialize FlexCAN registers for reception queue along with global acceptance masking.

For either MBFEN state, initialize CANX_RXGMASK, CANx_RX14MASK, and
CANx_RX15MASK registers for acceptance mask.

- If MBFEN is negated, the reception queue feature is disabled.

- If MBFEN is asserted, the reception queue feature is enabled”.

Section 11.3.1.1
Synthesizer Control Register
(FMPLL_SYNCR)

Delete the last note in PREDIV field description that states:
“To use the 8-20 MHz OSC, the PLL predivider must be configured for divide-by-two operation
by tying PLLCFG[2] low (set PREDIV to 0b000).”

2

Revision history

Table 2 provides a revision history for this document.

MPC5534 Reference Manual Addendum, Rev. 3
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Table 2. Revision history Table

Revision history

Revision

Substantive changes

Date of release

1.0

« Initial release. Correct error in chapter 9, “Enhanced Direct Memory Access
(eDMA).”

11/2009

20

e Correct errors in chapter 5, “Peripheral Bridge.”

« Correct peripheral bridge name errors in appendix A, “MPC5534 Register
Map.”

* Correct eTPU number in the Chapter 1, “Overview” section.

« Correct address offset in SIU_IREER, chapter 6, “SIU.”

« Correct the table heading in Table 6-12, “SIU_DIRER Field Descriptions”.

» Correct the arrow position in Figure 16-12, "Unified Channel Block Diagram”.

 Clarify the description in Section 9.4.1, “eDMA Microarchitecture”.

« Clarify the description in Section 9.3.1.13, “eDMA Interrupt Request
Registers (EDMA_IRQRH, EDMA_IRQRL).

« Clarify Section 10.5.5.1, “Elevating Priority”, Section 10.5.6, “Selecting
Priorities According to Request Rates and Deadlines”, Section 10.5.7.1,
“Scheduling a Lower Priority Portion of an ISR”, Section 10.5.8, “Lowering
Priority Within an ISR”.

« Clarify bit description in Table 6-29, “SIU_DISR Field Descriptions”.

 Clarify note in the INTC Interrupt Acknowledge Register.

¢ Add a note in the INTC Memory Map table.

« Clarify note at the end of the INTC: Interrupt Request Sources table.

« Add a paragraph to the Section 10.4.2.1.4, “Priority Comparator Submodule”.

¢ Update Section 10.5.5.2, “Ensuring Coherency”.

« Update Section 21.4.6.1 “Freeze mode”.

« In section in 21.1.3, remove the following statement: “Includes 256 bytes of
RAM used for filtering individual RX mask registers”.

¢ In section 21.1.3, changed from “Programmable for global (compatible with
previous versions) or individual receive ID masking” to “Programmable Global
(compatible with previous versions) receive ID masking”.

* Inin Table 21-2, made the last three rows reserved (Base+0x0880 --
Base+0x097F Reserved).

< In Table 21-7, changed the MBFEN bit description - changed the whole text
to remove all references to Individual masking. Leave only Reception Queue
function.

* Removed the section 21.3.3.5, section 21.4.3.2, and section 21.5.1

12/2011

3.0

« Deleted the note in PREDIV field description of Synthesizer Control Register
(FMPLL_SYNCR) that states

“To use the 8-20 MHz OSC, the PLL predivider must be configured for

divide-by-two operation by tying PLLCFG[2] low (set PREDIV to 0b000).”

04/2012
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Chapter 1
Overview

The MPC5534 microcontroller (MCU) is a member of the MPC5500 family of next generation powertrain
microcontrollers built on Power Architecture™ technology. The MPC5500 family contains a host
processor core that complies with the Power Architecture embedded category, which is 100 percent user
mode compatible with the original Power PC™ user instruction set architecture (UISA). This family of
parts contains many new features coupled with high-performance CMOS technology to provide significant
performance improvement over the MPC565.

The €200z3 CPU of the MPC5500 family is part of the family of CPU cores that implement versions built
on the Power Architecture embedded category. This core also has additional instructions, including digital
signal processing (DSP) instructions, beyond the classic PowerPC instruction set.

The 20023 of the MPC5534 is compatible with the PowerPC Book E architecture. It is 100% user mode
compatible (with floating point library) with the classic PowerPC instruction set. The Book E architecture
has enhancements that improve the PowerPC architecture’s fit in embedded applications. This core also
has additional instructions, including digital signal processing (DSP) instructions, beyond the classic
PowerPC instruction set.

The host processor core of the MPC5534 also includes an instruction set enhancement allowing variable
length encoding (VLE). This allows optional encoding of mixed 16- and 32-bit instructions. With this
enhancement, it is possible to achieve significant code size footprint reduction.

The MPC5534 has a single-level of memory hierarchy consisting of 64-KB on-chip SRAM and 1 MB of
internal flash memory. Both the SRAM and the flash memory can hold instructions and data.

The External Bus Interface (EBI) supports most standard memories used with the MPC5xx family. This
device does not support arbitration between itself and other masters on the external bus. It must be the only
master on the EBI or be a slave-only device.

The complex 1/O timer functions of MPC5534 are performed by a dual Enhanced Time Processor Unit
engine (eTPU). The eTPU engine controls 32 hardware channels and has been enhanced over the MPC500
family’s TPU by providing 24-bit timers, double-action hardware channels, a variable number of
parameters per channel, angle clock hardware, and additional control and arithmetic instructions. The
eTPU is programmed using a high-level programming language.

The less complex timer functions of MPC5534 are performed by the enhanced Modular Timer System
(eMIQS). The eMIOS 24 hardware channels are capable of single action, double action, pulse width
modulation (PWM) and modulus counter operation. Motor control capabilities include edge-aligned and
center-aligned PWM.

MPC5534 Microcontroller Reference Manual, Rev. 2
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Off-chip communication is performed by a suite of serial protocols including flexible controller area
networks (FlexCANS), enhanced SPIs (Deserialize/Serialize Peripheral Interface) and SCls. The DSPIs
support pin reduction through hardware serialization and deserialization of timer channels and GP10
signals.

The MPC5534 MCU has an on-chip 40-channel Enhanced Queued Dual Analog-to-Digital Converter
(eQADC), with 5 V conversion range.

The System Integration Unit (SIU) performs several chip-wide configuration functions. Pad configuration
and General-Purpose Input and Output (GPIO) are controlled from the SIU. External interrupts and reset
control are configured in the SIU. The Internal Multiplexer sub-block (IMUX) provides multiplexing of
eQADC trigger sources, daisy chaining the DSPIs, and external interrupt signal multiplexing.

On-chip modules include:

» Single issue, 32-bit PowerPC Book E compatible CPU core complex; includes VLE
enhancements for code size footprint reduction

» 32-channel enhanced direct memory access controller (eDMA)

» Interrupt controller (INTC) capable of handling 210 selectable-priority interrupt sources
* Frequency Modulated Phase-locked loop (FMPLL)

» External bus interface (EBI) with error correction status module (ECSM)

» System integration unit (SIU)

e 1 MB on-chip flash with flash control unit (FCU)

* 64 KBs on-chip static RAM (SRAM)

» Boot assist module (BAM)

» 32-channel enhanced time processor unit (eTPU)

e 24-channels enhanced modular Input Output System (eMIOS)

» Two enhanced 5 V Queued Analog-to-Digital Converters (eQADC)

» Three deserial serial peripheral interface (DSPI) modules

» Two enhanced serial communication interface (eSCI) modules (with LIN support)

» Two controller area network (FlexCAN) modules

* Nexus development interface (NDI) per IEEE-ISTO 5001-2003 standard

» Device/board test support per Joint Test Action Group (JTAG) of IEEE (IEEE 1149.1)
»  On-chip voltage regulator controller for regulating 3.3 V down to 1.5 V for core logic

MPC5534 Microcontroller Reference Manual, Rev. 2
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1.1 Block Diagram
Figure 1-1 shows a top-level block diagram of the MPC5534.
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CAN — Controller area network (FlexCAN) DEC — Decrementer
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eSCl — Enhanced serial communications interface
eTPU - Enhanced time processing units
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Figure 1-1. MPC5534 Block Diagram
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1.1.1 MPC5500 Family Comparison

The following table compares the features of the MPC553X and MPC555X products:
Table 1-1. MPC5500 Family Members

MPC5500 Device MPC5533 MPC5534 MPC5553 MPC5554
Power PC core €200z3 e200z3 €200z6 €200z6
Variable Length Instruction support Y Y — —
Unified cache (KB) — — 8! 322
Memory management unit (MMU) 16 entry 16 entry 32 entry 32 entry
Crossbar (Master x Slave) 3x5 4x5 4x5 3x5
Core Nexus Class 3+ Class 3+ Class 3+ Class 3+
(NZ3C3) (NZ3C3) (NZ6C3) (NZ6C3)
Static RAM (SRAM) (KB) 48 KB 64 KB 64 KB 64 KB
Flash memory Main Array (MB) 768 KB 3 1 1.5% 24
Shadow Block (KB) 1 1 1 1
External bus interface (EBI) Data Bus 16 bit 16 bit 32 bit & 32 bit
Address Bus 24 bit 24 bit 24 bit 24 bit
Calibration bus interface (CBI) — Y Partial —
Enhanced direct memory access (eDMA) 32 channel 32 channel 32 channel 64 channel
DMA Nexus — — Class 3 Class 3
Enhanced serial communications interface (eSCI) 1 2 2 2
eSCI A Y Y Y Y
eSCI B — Y Y Y
Flexible controller area network (FlexCAN) 2 2 2 3
CAN A 64 buffers 64 buffers 64 buffers 64 buffers
CANB — — — 64 buffers
CANC 64 buffers 64 buffers 64 buffers 64 buffers
CAND — — — —
CANE — — — —
Deserial/serial peripheral interface (DSPI) 2 3 3 4
DSPI A — — — Y
DSPI B — Y Y Y
DSPIC Y Y Y Y
DSPID Y Y Y Y
Enhanced management input/output system (eMIOS) — 24 channel 24 channel 24 channel
Enhanced time processing unit (eTPU) 32 channel 32 channel 32 channel 64 channel
eTPU A Y Y Y Y
eTPUB — — — Y
Code memory (KB) 12 12 12 16
Parameter RAM (KB) 25 25 25 3
Interrupt controller 178 210 210 300

MPC5534 Microcontroller Reference Manual, Rev. 2
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Table 1-1. MPC5500 Family Members (continued)
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MPC5500 Device MPC5533 | MPC5534 || MPC5553 | MPC5554
Enhanced Analog to Digital Converter (eQADC) 40 channels ® | 40 channels ° || 40 channels | 40 channels
ADC 0 Y Y Y Y
ADC 1 — Y Y Y
Fast Ethernet Controller (FEC) — — VB —
Frequency Modulated (FM) Phase Lock Loop (PLL) Y Y Y Y
Maximum system frequency ’ (MHz) 828 828 1329 1329
Crystal frequency range (MHz) 8-20 8-20 8-20 8-20
Voltage Regulator Controller (VRC) Y Y Y Y
1 2-way associative
2 8-way associative
3 16-byte flash page size for programming
4 32-byte flash page size for programming
5 eQADC has 34 channels on the 208 package
6 The FEC signals are shared with the data bus pins DATA[16:31]
7 Initial automotive temperature range qualification
8 82 MHz parts allow for 80 MHz system clock + 2% FM
9 132 MHz parts allow for 128 MHz system clock + 2% FM
1.2 MPC5534 Features List
This section provides a high-level description of the features found on the MPC5534.
1.2.1 Operating Parameters
* Fully static operation, 0-80 MHz
e -40° to 150° C junction temperature (125° C ambient temperature)
* Low power design
— Less than 0.8 Watts power dissipation
— Designed for dynamic power management of core and peripherals
— Software controlled clock gating of peripherals
— Separate power supply for stand-by operation for a portion of SRAM
» Fabricated in 0.13 um process
e 1.5 Vinternal logic
* Input and output pins with 3.0-5.5 V range
— 35% or 65% Vppg CMOS switch levels (with hysteresis)
— Selectable hysteresis
— Selectable slew rate control
» External bus and Nexus pins support 1.6-3.6 V operation
— Selectable drive strength control
MPC5534 Microcontroller Reference Manual, Rev. 2
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— Unused pins configurable as GPIO
» Designed with EMI reduction techniques
— Frequency Modulated Phase-Locked Loop (FMPLL)
— On-chip bypass capacitance
— Selectable slew rate and drive strength

1.2.2 e200z3 Core Processor

* Single issue, 32-bit PowerPC Architecture compatible CPU
— In-order execution and retirement
— Precise exception handling
— User-mode binary compatible with MPC5xx except floating point instructions
» \ariable Length Encoding Enhancements
— e200z3 core supports both PowerPC Architecture Book E and VLE instruction sets
— Allows optional encoding of mixed 16- and 32-bit instructions
— Results in smaller code size footprint

— Regions of the memory map are designated as PowerPC Architecture Book E or VLE based
on configuration of the Memory Management Unit

» Branch processing unit

— Dedicated branch address calculation adder

— Branch acceleration using Branch Lookahead Instruction Buffer
* Load and store unit

— Fully pipelined

— Big and Little endian support

— Misaligned access support

— Zero load-to-use pipeline bubbles

— Supports throughput of one load or store operation per cycle

— Memory interface support for saving and restoring two registers per cycle
* Thirty-two 64-bit general purpose registers (GPRs)

* Memory management unit (MMU) with 16-entry fully-associative translation look-aside buffer
(TLB)

» Separate instruction bus and load/store bus
* \ectored interrupt support

* Interrupt latency < 116 ns at 80 MHz (measured from interrupt request to execution of first
instruction of interrupt exception handler)

* Reservation instructions for implementing read-modify-write constructs (CPU master only)

MPC5534 Microcontroller Reference Manual, Rev. 2
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* Numerics and DSP
— Saturated, unsaturated, and fractional arithmetic
— Support for DSP addressing modes
— Pipelined dual 32x32 MAC with one clock throughput
» Signal processing extension APU
— Operating on all 32 GPRs that are all extended to 64 bits wide

— Single Instruction Multiple Data (SIMD) provides a full compliment of vector and scalar
integer and floating point arithmetic operations (integer vector MAC and MUL operations)

— Provides rich array of extended 64-bit loads and stores to and from the extended GPRs
— Fully code compatible with e200z6 core
» Floating point
— |EEE 754 compatible with software wrapper
— Scalar single precision in hardware, double precision with software library
— Conversion instructions between single precision floating point and fixed point
— Fully code compatible with e200z6 core
» Long cycle time instructions, except for guarded loads, do not increase interrupt latency
» Extensive system development support through Nexus debug port

1.2.3 Crossbar Switch (XBAR)

» Four master ports, and five slave ports

— Masters: CPU Instruction bus, CPU Load/store bus, eDMA, EBI

— Slave: Flash, SRAM, Peripheral Bridge A, Peripheral Bridge B; EBI
» 32-bit internal address bus, 64-bit internal data bus

1.2.4 Enhanced Direct Memory Access (eDMA) Controller

» 32 channels support independent 8-, 16- or 32-bit single value or block transfers
» Supports variable sized queues and circular queues

» Source and destination address registers are independently configured to post-increment or
remain constant

» Each transfer is initiated by a peripheral, CPU, or eDMA channel request

» Each eDMA channel can optionally send an interrupt request to the CPU on completion of a
single value or block transfer

» All data movement via dual-address transfers: read from source, write to destination

* Programmable source and destination addresses, transfer size, plus support for enhanced
addressing modes

» Transfer control descriptor organized to support two-deep, nested transfer operations

MPC5534 Microcontroller Reference Manual, Rev. 2
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* Aninner data transfer loop defined by a “minor’ byte transfer count
» An outer data transfer loop defined by a “major’ iteration count
» Channel activation via one of three methods:
— Explicit software initiation
— Initiation via a channel-to-channel linking mechanism for continuous transfers
— Peripheral-paced hardware requests (one per channel)
» Support for fixed-priority and round-robin channel arbitration
» Channel completion reported via optional interrupt requests
* One interrupt per channel, optionally asserted at completion of major iteration count
» Error termination interrupts are optionally enabled
» Support for scatter/gather DMA processing
» Channel transfers can be suspended by a higher priority channel

1.2.5 Interrupt Controller (INTC)

» Unique 9-bit vector per interrupt source for 210 total interrupt sources:

— 190 peripheral interrupt sources

— Eight software settable interrupt sources

— 12 reserved interrupt sources
» 16 priority levels with fixed hardware arbitration within priority levels for each interrupt source
» Priority elevation for shared resources

1.2.6 Frequency Modulated Phase-Locked Loop (FMPLL)

* Input clock frequency from 8-20 MHz
» Current controlled oscillator (ICO) range from 48 MHz to maximum device frequency

* Reduced frequency divider (RFD) for reduced frequency operation without forcing the FMPLL to
re-lock

* Four modes of operation
— Bypass mode
— PLL normal mode with crystal reference (default)
— PLL normal mode with external oscillator reference
— PLL dual controller mode for EXTAL to CLKOUT skew minimization
* Programmable frequency modulation
— Modulation enabled/disabled through software
— Triangle wave modulation
— Programmable modulation depth (1% or 2% deviation from center frequency)
— Programmable modulation frequency dependent on reference frequency

MPC5534 Microcontroller Reference Manual, Rev. 2
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» Lock detect circuitry reports when the FMPLL has achieved frequency lock and continuously
monitors lock status to report loss of lock conditions

* Programmable interrupt request on system reset or loss of lock

* Loss-of-clock (LOC) detection for reference and feedback clocks
* Programmable interrupt request on system reset or loss of clock
» Self-clocked mode (SCM) operation

1.2.7 External Bus Interface (EBI)

NOTE
EBI features apply to devices using the 324 package. The EBI is not
available in the 208 package.
« 18-33VIIO
» Up to 24-bit address bus
— Four most significant signals multiplexed with four chip selects
» 16-bit data bus
* Memory controller with support for various memory types:
— Standard SRAM
— Synchronous burst SDR (flash and SRAM)
— Asynchronous/legacy (flash and SRAM)
* Most standard memories used with the MPC5xx family
» Single-master only or slave only operation
*  Bus monitor
— User selectable
— Programmable time-out period (with 8 external bus clock resolution)
» Configurable wait states (via chip selects)
«  Four chip-select (CS[0:3]) signals (multiplexed with four most significant address signals)
« Two write/byte enable (WE/BE[0:1]) signals
» Configurable bus speed modes
— system frequency
— Y% of system frequency
— Y4 of system frequency
» Configurable wait states
e Optional automatic CLKOUT gating to save power and reduce EMI
» Compatible with MPC5xx external bus (with some limitations)
» Selectable drive strengths through pad control in SIU; 10pF, 20pF, 30pF, 50pF

MPC5534 Microcontroller Reference Manual, Rev. 2
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1.2.8 Calibration Bus Interface (CBI)

NOTE

The CBI is not available in the 208 package. CBI features apply to devices
using the 324 package with the 496 assembly.

* 21-bit address bus
— Two most significant signals multiplexed with two chip selects
— Least significant address bit is not supported (CAL_ADDR31)
» 16-bit data bus
* Memory controller with support for various memory types:
— non-burst SDR flash and SRAM
— Asynchronous/legacy flash and SRAM
— Most standard memories used with the MPC5xx family
* Bus monitor (shared with EBI)
— User selectable
— Programmable timeout period (with 8 external bus clock resolution)
» Configurable wait states (via chip selects)

«  Three chip-select (CAL_CS[0], CAL_CS[2:3]) signals:
(CAL_CS[2:3] are multiplexed with the two most significant address signals
CAL_ADDRJ[10:11])

« Two write/byte enable (WE/BE[0:1]) signals
» Configurable bus speed modes (shared with EBI)
— system frequency
— Y% of system frequency
— Y of system frequency
* Optional automatic CLKOUT gating to save power and reduce EMI
e Compatible with MPC5xx external bus (with some limitations)
» Selectable drive strengths; 10pF, 20pF, 30pF, 50pF

1.2.9 System Integration Unit (SIU)

» System configuration
— MCU reset configuration via external pins
— Pad configuration control
e System reset monitoring and generation
— Power-on reset support
— Reset status register provides last reset source to software
— Glitch detection on reset input

MPC5534 Microcontroller Reference Manual, Rev. 2
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— Software controlled reset assertion

External interrupt

— Sixteen interrupt requests

— Rising- or falling-edge event detection

— Programmable digital filter for glitch rejection

GPIO

— GPIO function on 155 1/O pins

— Dedicated input and output registers for setting each GPIO
Internal Multiplexing

— Allows serial and parallel chaining of DSPIs

— Allows flexible selection of eQADC trigger inputs

— Allows selection of interrupt requests between external pins and DSPI

1.2.10 Error Correction Status Module (ECSM)

Configurable error-correcting codes (ECC) reporting

1.2.11  On-chip Flash

One MB burst flash memory
— Configured as 64K x 128 bits

— 12 blocks (2x16 KB + 2x48 KB + 2x64 KB + 6x128 KBs) to support features such as boot
block, operating system block and EEPROM emulation

— 1-KB shadow block compatible with all other parts in the family for storing censorship and
configuration information (censorship protection scheme to prevent flash content visibility)

— Accessed via a 64-bit wide bus interface

Quadruple 128-bit wide prefetch/burst buffers to provide single cycle in-line accesses (prefetch
buffers can be configured to prefetch code or data or both)

Hardware read-while-write feature that allows blocks to be erased/programmed while other
blocks are being read (used for EEPROM emulation and data calibration)

Page mode (128-bits) programming for rapid end-of-line programming
Hardware programming state machine

Supports a 64-bit data bus. Byte, halfword, word and doubleword reads are supported. Only
aligned word and doubleword writes are supported.

Hardware and software configurable read and write access protections on a per-master basis.

Interface to the flash array controller is pipelined with a depth of 1, allowing overlapped accesses
to proceed in parallel for interleaved or pipelined flash array designs.

Configurable access timing allowing use in a wide range of system frequencies.

MPC5534 Microcontroller Reference Manual, Rev. 2
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» Multiple-mapping support and mapping-based block access timing (0-31 additional cycles)
allowing use for emulation of other memory types.

» Software programmable block program/erase restriction control.
» Erase of selected block(s)

* Read page size of 128 bits (4 words)

» ECC with single-bit correction, double-bit detection.

* Embedded hardware program and erase algorithm

» Erase suspend, program suspend and erase-suspended program
» Shadow information stored in non-volatile shadow block

* Independent program/erase of the shadow block

1.2.12 On-chip Static RAM (SRAM)

» Supports read/write accesses mapped to the SRAM memory from any master

» 64-KB general purpose RAM of which 32 KBs are on standby power

» 32-KB block powered by separate supply for standby operation

» Byte, halfword, word and doubleword addressable

» ECC performs single bit correction, double bit detection on 32-bit data element

1.2.13 Boot Assist Module (BAM)
» Enables and manages the transition of MCU from reset to user code execution in the following
configurations:
— Execution from internal or external flash
— Download and execution of code via FlexCAN or eSCI

» Sets up MMU to cover all resources and mapping all physical address to logical addresses with
minimum address translation

» Sets up the MMU to allow user boot code to execute as either PowerPC Architecture Book E code
(default) or as VLE code

» Location and detection of user boot code

» Automatic switch to serial boot mode if internal or external flash is blank or invalid

» Supports user programmable 64-bit password protection for serial boot mode

» Supports serial bootloading via FlexCAN bus and eSClI

» Supports serial bootloading of either PowerPC Architecture Book E code (default) or VLE code
» Supports censorship protection for internal flash memory

» Provides an option to enable the core watchdog timer

MPC5534 Microcontroller Reference Manual, Rev. 2
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1.2.14 Enhanced Modular I/O System (eMIOS)

24 unified channels with these features:

— 24-bit registers for captured/match values

— 24-bit internal counter

— Global prescaler

— Separate input and output pins

— Dedicated output pin for buffer direction control
— Selectable time base

— Can generate its own time base

Four 24-bit wide counter buses

Overview

— Counter Bus A can be shared among all unified channels and can be driven by either UC23 or

by the STAC bus

— Counter Bus B is driven by UCO0, Counter Bus C is driven by UC8, Counter Bus D is driven
by UC16 (then, UC0-UC7 can share Counter Bus B, UC8-UC15 can share Counter Bus C and

UC16-UC23 can share Counter Bus D)
Synchronization among internal and external time bases
Shadow FLAG register
State of block can be frozen for debug purposes
24 orthogonal channels with double-action, PWM and modulus counter functionality
Supports all DASM and PWM modes of MIOS14 (MPC5xx)
DMA and interrupt request support
Motor control capability

1.2.15 Enhanced Time Processor Unit (eTPU)

eTPU engine is an event triggered VLIW processor timer subsystem
High level assembler/compiler

32 channels

24-bit timer resolution

Code memory—12 KB; Data memory—2.5 KB

Variable number of parameters allocatable per channel

Double match/capture channels

Angle clock hardware support

Shared time or angle counter bus (STAC) for all eTPU and eMIOS channels
DMA and interrupt request support

Nexus Class 3 Debug support (with some Class 4 support)

MPC5534 Microcontroller Reference Manual, Rev. 2
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1.2.16 Enhanced Queued A/D Converter (¢QADC)

Two independent ADCs

— 12 Bit AD Resolution

— Up to 10 bit accuracy at 400 ksample/s and 8 bit accuracy at 800 ksample/s

— Differential conversions

— Single-ended signal range from 0 to 5V

— Sample times of 2 (default), 8, 64 or 128 ADC clock cycles

— Provides time stamp information when requested

— Parallel interface to eQADC CFIFOs and RFIFOs

— Supports both right-justified unsigned and signed formats for conversion results
0-5 V common mode conversion range

40 single-ended inputs channels (40 in 324 BGA; 34 in 208 BGA), with support for up to 25
additional channels using external multiplexers

Eight channels can be used as 4 pairs of differential analog input channels
10 bit accuracy at 400 ksample/s, 8-bit accuracy at 800 ksample/s
Supports six FIFO queues with fixed priority.

Queue modes with priority-based preemption, initiated by software command or internal
(eTPU and eMIOS) or external triggers

DMA and interrupt request support

Supports all functional modes from QADC (MPC5xx family)

Four pairs of differential analog input channels

Full duplex synchronous serial interface (SSI) to an external device
— Free-running clock for use by an external device

— Supports a 26-bit message length

Priority based CFIFOs

— Supports six CFIFOs with fixed priority. The lower the CFIFO number, the higher its priority.
When commands of distinct CFIFOs are bound for the same CBuffer, the higher priority
CFIFO is always served first

— Supports software and hardware trigger modes to arm a particular CFIFO
— Generates interrupt when command coherency is not achieved

External hardware triggers

— Supports rising-edge, falling-edge, high-level and low-level triggers

— Supports configurable digital filter

Supports 4 external 8-to-1 muxes which can expand the input channels

MPC5534 Microcontroller Reference Manual, Rev. 2
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1.2.17 Deserial Serial Peripheral Interface (DSPI) Module

Three DSPI modules

SPI

— Full duplex communication ports with interrupt and DMA request support

— Supports all functional modes from QSPI sub-block of QSMCM (MPC5xx family)
— Support for queues in RAM

— Six chip selects, expandable to 64 with external demultiplexers

— Programmable frame size, baud rate, clock delay and clock phase on a per frame basis
— Modified SPI mode for interfacing to peripherals with longer setup time requirements
Deserial serial interface (DSI)

— Pin reduction by hardware serialization and deserialization of eTPU and eMIOS channels
— Chaining of DSI sub-blocks

— Triggered transfer control and change in data transfer control (for reduced EMI)

1.2.18 Enhanced Serial Communication Interface (eSCI) Module

Two eSCI modules

UART mode provides NRZ format and half or full duplex interface
eSCI bit rate up to 1 Mbps

Advanced error detection, and optional parity generation and detection
Separately enabled transmitter and receiver

eDMA support (on one of the eSCI modules only)

13-bit baud rate selection

Programmable 8- or 9-bit data format

LIN support

— Autonomous transmission of entire frames

— Configurable to support all revisions of the LIN standard

— Automatic parity bit generation

— Double stop bit after bit error

— 10- or 13-bit break support

Separately enabled transmitter and receiver

Programmable transmitter output parity

Two receiver wake-up methods, idle line and address mark
Interrupt-driven operation with flags

Receiver framing error detection

Hardware parity checking

MPC5534 Microcontroller Reference Manual, Rev. 2
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1/16 bit-time noise detection
Two channel eDMA interface

1.2.19 FlexCAN

Two FlexCAN modules

64 message buffers each (0-8 bytes data length)

Based on and including all existing features of the Freescale TouCAN module
Full Implementation of the CAN protocol specification, Version 2.0B
— Standard data and remote frames

— Extended data and remote frames

— Zero to eight bytes data length

— Programmable bit rate up to 1 Mb/sec

Programmable acceptance filters

Short latency time for high priority transmit messages

Acrbitration scheme according to message 1D or message buffer number
Listen only mode capabilities

Programmable clock source: system clock or oscillator clock
Content-related addressing

Each message buffer is configurable as receive (Rx) or transmit (Tx) buffers that support standard
and extended messages

Includes 1056 bytes of embedded memory for message buffer storage
Programmable loop-back mode supporting self-test operation

Three programmable Mask Registers

Programmable transmit-first scheme: lowest ID or lowest buffer number
Time Stamp based on 16-bit free-running timer

Global network time, synchronized by a specific message

Maskable interrupts

Independent of the transmission medium (an external transceiver is assumed)
Multi master concept

High immunity to EMI

Short latency time due to an arbitration scheme for high-priority messages
Low power mode, with programmable wake-up on bus activity
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1.2.20 Nexus Development Interface (NDI)

* Per IEEE-ISTO 5001-2003

» Real time development support for e200z3 core and eTPU engine through Nexus Class 3
(selected Class 4 support)

* Read and write access
— Run-time access of entire memory map

— Calibration (table constants calibrated using MMU and internal and external RAM; scalar
constants calibrated using cache line locking)

» Configured via the IEEE 1149.1 (JTAG) port
» High bandwidth mode for fast message transmission
* Reduced bandwidth mode for reduced pin usage

1.2.21 IEEE 1149.1 JTAG controller (JTAGC)

* IEEE 1149.1-2001 Test Access Port (TAP) interface 4 pins (TDI, TMS, TCK, and TDO)

* JCOMRP input that provides the ability to share the TAP
(selectable modes of operation include JTAGC/debug or normal system operation)

» Selectable modes of operation include JTAGC/debug or normal system operation.

» Five-bit instruction register that supports the following IEEE 1149.1-2001 defined instructions:
— BYPASS, IDCODE, EXTEST, SAMPLE, SAMPLE/PRELOAD, HIGHZ, CLAMP

» Five-bit instruction register that supports the additional following public instructions:
— ACCESS_AUX_TAP_NPC, ACCESS_AUX_TAP_ONCE, ACCESS_AUX_TAP_eTPU

* Three test data registers: a bypass register, a boundary scan register, and a device identification
register

* A TAP controller state machine that controls the operation of the data registers, instruction
register and associated circuitry

1.2.22 On-chip Voltage Regulator Controller

» Uses external NPN bipolar transistor
* Regulates 3.3V down to 1.5 V for the core logic
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1.3 MPC5534 Memory Map

This section describes the MPC5534 memory map. All addresses in the device, including those that are
reserved, are identified in the tables. The addresses represent the physical addresses assigned to each IP
block. Logical addresses are translated by the MMU into physical addresses.

Under software control of the Memory Management Unit (MMU), the logical addresses allocated to IP
blocks can be changed on a minimum of a 4-KB boundary. Table 1-2 shows the MPC5534 memory map.
Peripheral blocks can be redundantly mapped. You must use the MMU to prevent corruption.

Table 1-2. MPC5534 Memory Map

Bytes
Address Range' Module
Allocated Used
0x0000_0000—-0x000F_FFFF 1 MB 1 MB Flash Array
0x0010_0000—0x00FF_FBFF 15 MB — Reserved
0x00FF_FCO00-0x00FF_FFFF 1 KB 1 KB Flash Shadow Block
0x0100_0000-0x1FFF_FFFF 496 MB 1 MB Emulation mapping of Flash Array
0x2000_0000-0x3FFF_FFFF 256 MB —_ External Memory 2
0x4000_0000-0x4000_7FFF 32 KB 32 KB SRAM Array, Standby Powered
0x4000_8000—-0x4000_FFFF 32 KB 32 KB |SRAM Array
0x4001_0000-0xBFFF_FFFF | 2048 MB—64 KB — Reserved

Bridge A Peripherals

0xC000_0000-0xC3EF_FFFF 63 MB — Reserved

0xC3F0_0000-0xC3F0_3FFF 16 KB 4 Bridge A Registers

0xC3F0_4000-0xC3F7_FFFF 496 KB — Reserved

0xC3F8_0000—-0xC3F8_3FFF 16 KB 20 Frequency Modulated Phase-Locked Loop (FMPLL)
0xC3F8_4000-0xC3F8_7FFF 16 KB 48 External Bus Interface (EBI) Configuration
0xC3F8_8000—-0xC3F8_BFFF 16 KB 28 Flash Configuration

0xC3F8_C000-0xC3F8_FFFF 16 KB — Reserved

0xC3F9_0000-0xC3F9_3FFF 16 KB 2.5 KB |[System Integration Unit (SIU)
0xC3F9_4000-0xC3F9_FFFF 48 KB — Reserved

0xC3FA_0000-0xC3FA_3FFF 16 KB 1056 Enhanced Modular Input/Output System (eMIOS)
0xC3FA_4000-0xC3FB_FFFF 112 KB — Reserved

0xC3FC_0000—-0xC3FC_3FFF 16 KB 3 KB Enhanced Time Processing Unit (eTPU) Registers
0xC3FC_4000—-0xC3FC_7FFF 16 KB — Reserved

0xC3FC_8000-0xC3FC_BFFF 16 KB 2.5KB |Enhanced Time Processing Unit (eTPU) Parameter RAM
0xC3EC_C000-0xC3FC_FFFF 16 KB 25 KB Enhanced Time Processing Unit (eTPU) Parameter RAM

mirror

MPC5534 Microcontroller Reference Manual, Rev. 2

Freescale Semiconductor



Overview

Table 1-2. MPC5534 Memory Map (continued)

Bytes
Address Range’ Module
Allocated Used
0xC3FD_0000—-0xC3FD_3FFF 16 KB 12 KB Enhanced Time Processing Unit (eTPU) Code RAM
0xC3FD_4000—-0xC3FF_FFFF 176 KB — Reserved
0xC400_0000-0xDFFF_FFFF (512—64 MB) — Reserved
Bridge B Peripherals
0xE000_0000-O0xFBFF_FFFF (512—64 MB) — Reserved
0xFC00_0000—-0xFFEF_FFFF 63 MB — Reserved
0xFFFO0_0000-0xFFFO_3FFF 16 KB — Bridge B Registers
O0xFFF0_4000-0xFFFO_7FFF 16 KB —_ Crossbar (XBAR)
0xFFFO0_8000-0xFFFO_FFFF 32 KB — Reserved
O0xFFF1_0000-0xFFF3_FFFF 192 KB — Reserved
OxFFF4_0000-0xFFF4_3FFF 16 KB e Memory Control Management
OxFFF4_4000-0xFFF4_7FFF 16 KB — Enhanced Direct Memory Access Controller 2 (eDMA)
OxFFF4_8000-0xFFF4_BFFF 16 KB — Interrupt Controller (INTC)
OxFFF4_CO000-0xFFF4_FFFF 16 KB — Reserved
O0xFFF5_0000-0xFFF7_FFFF 192 KB — Reserved
OxFFF8_0000-0xFFF8_3FFF 16 KB 164 Enhanced Queued Analog to Digital Converter (eQADC)
O0xFFF8_4000-0xFFF9_3FFF 64 KB — Reserved
OxFFF9_4000-0xFFF9_7FFF 16 KB 200 Deserial Serial Peripheral Interface (DSPI B)
O0xFFF9_8000-0xFFF9_BFFF 16 KB 200 Deserial Serial Peripheral Interface (DSPI C)
O0xFFF9_CO000—-0xFFF9_FFFF 16 KB 200 Deserial Serial Peripheral Interface (DSPI D)
O0xFFFA_0000—0xFFFA_FFFF 64 KB — Reserved
O0xFFFB_0000-0xFFFB_3FFF 16 KB 44 Serial Communications Interface (eSCI A)
OxFFFB_4000-0xFFFB_7FFF 16 KB 44 Serial Communications Interface (eSCI B)
0xFFFB_8000-0xFFFB_FFFF 32 KB — Reserved
0xFFFC_0000—-0xFFFC_3FFF 16 KB 1152 Flexible Controller Area Network (FlexCAN A)
O0xFFFC_4000-0xFFFC_7FFF 16 KB 1152 Reserved
OxFFFC_8000-0xFFFC_BFFF 16 KB 1152 Flexible Controller Area Network (FlexCAN C)
O0xFFFC_C000-0xFFFF_BFFF 192 KB — Reserved
OxFFFF_C000-0xFFFF_FFFF 16 KB 4K Boot Assist Module (BAM)

If allocated size > used size, then the base address for the block is the lowest address of the listed address range, unless

noted otherwise.
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2 Itis recommended that the address rage of 0x3000_0000 through Ox3FFF_FFFF be reserved for use by the calibration bus.

1.3.1 External Master Mode Operation Memory Map

When the MPC5534 MCU acts as a slave from an external master device, the External Bus Interface (EBI)
translates the 24-bit external address to a 32-bit internal address. Table 1-3 lists the translation parameters.

Table 1-3. External to Internal Memory Map Translation Table for Slave Mode

Ext addr[8:1 1]1 Internal addr[0:11] (bSyi tzees) Internal Slave Internal Address Range
O0bOxxx — 8 MB — Reserved for off-chip access
Ob10xx 0b0000_0000_00xx 4 MB Internal Flash 0x0000_0000—-0x003F_FFFF
0b1100 0b0100_0000_0000 1 MB SRAM 0x4000_0000-0x400F_FFFF
O0b1101 0b0110_0000_0000 1 MB Reserved? 0x6000_0000—0x600F_FFFF
0b1110 0b1100_0011_1111 1MB | Bridge A Peripherals 0xC3F0_0000-0xC3FF_FFFF
0b1111 0b1111_1111_1111 1MB | Bridge B Peripherals O0xFFF0_0000-0xFFFF_FFFF

1" Only the lower 24 address signals (ADDR[8:31]) are available off-chip.
2 Reserved for a future block that requires its own crossbar slave port.

Table 1-4 shows the memory map for a MPC5534 MCU acting as a slave from the point of view of the
external master.

Table 1-4. MPC5534 Slave Memory Map as seen from an External Master

External Address Range1 Bytes Use
0x00_0000%-0x7F_FFFF 8 MB Used for off-chip memory accesses
0x80_0000-0x8F_FFFF 1 MB Slave flash®
0x90_0000-0xBF_FFFF 3 MB Reserved
0xC0_0000-0xCO_FFFF 64 KB Slave SRAM
0xC1_0000-0xCF_FFFF 1 MB-64 KB |Reserved
0xD0_0000-0xCF_FFFF 1 MB Reserved
0xEO0_0000—-OxEF_FFFF 1 MB Slave Bridge A Peripherals
0xFO_0000-0xFF_FFFF 1 MB Slave Bridge B Peripherals

1 Only the lower 24 address signals (ADDR[8:31]) are available off-chip.

2 This address range is not part of the MPC5534 slave memory map. It is shown to illustrate the
addressing scheme for off-chip accesses when the MPC5534 is operating in slave mode.

3 The shadow block of the slave flash is not accessible by an external master
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1.4 Detailed Features

The following sections provided detailed information about each of the on-chip modules.

1.4.1 e200z3 Core Overview

The €200z3 processor uses a four-stage pipeline for instruction execution:
* Instruction Fetch (stage 1)
» Instruction Decode/Register file Read/Effective Address Calculation (stage 2)
» Execute/Memory Access (stage 3)
* Register Writeback (stage 4)

The operation of the stages overlap, allowing single-clock instruction execution for most instructions.

The integer execution unit consists of a 32-bit Arithmetic Unit (AU), a Logic Unit (LU), a 32-bit Barrel
shifter (Shifter), a Mask-Insertion Unit (MIU), a Condition Register manipulation Unit (CRU), a
Count-Leading-Zeros unit (CLZ), a 32x32 Hardware Multiplier array, result feed-forward hardware, and
support hardware for division.

Most arithmetic and logical operations are executed in a single cycle with the exception of the divide
instructions. A Count-Leading-Zeros unit operates in a single clock cycle. The Instruction Unit contains a
PC incrementer and a dedicated Branch Address adder to minimize delays during change of flow
operations. Sequential prefetching is performed to ensure a supply of instructions into the execution
pipeline. Branch target prefetching is performed to accelerate taken branches. Prefetched instructions are
placed into an instruction buffer capable of holding six instructions.

Branches can also be decoded at the instruction buffer and branch target addresses calculated prior to the
branch reaching the instruction decode stage, allowing the branch target to be prefetched early. When a
branch is detected at the instruction buffer, a prediction can be made on whether the branch is taken or not.
If the branch is predicted to be taken, a target fetch is initiated and its target instructions are placed in the
instruction buffer following the branch instruction. Many branches take zero cycles to execute by using
branch folding. Branches are folded out from the instruction execution pipe whenever possible. These
include unconditional branches and conditional branches with condition codes that can be resolved early.

Conditional branches that are not taken and not folded execute in a single clock. Branches with successful
target prefetching that are not folded have an effective execution time of one clock. All other taken
branches have an execution time of two clocks. Memory load and store operations are provided for byte,
halfword, and word (32-bit) data with automatic zero or sign extension of byte and halfword load data as
well as optional byte reversal of data. These instructions can be pipelined to allow effective single cycle
throughput. Load and store multiple word instructions allow low overhead context save and restore
operations. The load/store unit contains a dedicated effective address adder to allow effective address
generation to be optimized. Also, a load-to-use dependency does not incur any pipeline bubbles for most
cases.

The Condition register unit supports the condition register (CR) and condition register operations defined
by the PowerPC architecture. The condition register consists of eight 4-bit fields that reflect the results of
certain operations, such as move, integer and floating-point compare, arithmetic, and logical instructions,
and provide a mechanism for testing and branching. Vectored and autovectored interrupts are supported
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by the CPU. Vectored interrupt support is provided to allow multiple interrupt sources to have unique
interrupt handlers invoked with no software overhead.

The hardware floating-point unit uses the IEEE-754 single-precision floating-point format and supports
single-precision floating-point operations in a pipelined fashion. The general purpose register file is used
for source and destination operands, thus there is a unified storage model for single-precision
floating-point data types of 32-bits and the normal integer type. Single-cycle floating-point add, subtract,
multiply, compare, and conversion operations are provided. Divide instructions are multi-cycle and are not
pipelined.

The Signal Processing Extension (SPE) Auxiliary Processing Unit (APU) provides hardware SIMD
operations and supports a full compliment of dual integer arithmetic operation including Multiply
Accumulate (MAC) and dual integer multiply (MUL) in a pipelined fashion. The general purpose register
file is enhanced such that all 32 of the GPRs are extended to 64 bits wide and are used for source and
destination operands, thus there is a unified storage model for 32x32 MAC operations which generate
greater than 32 bit results.

The majority of both scalar and vector operations (including MAC and MUL) are executed in a single
clock cycle. Both Scalar and Vector divides take multiple clocks. The SPE APU also provides extended
load and store operations to support the transfer of data to and from the extended 64 bit GPRs. This SPE
APU is fully binary compatible with the e200z6 SPE APU used in MPC5554 and MPC5553.

The CPU includes support for variable length encoding (VLE) instruction enhancements. This allows the
optional execution of an alternate instruction set consisting of a mixture of 16-bit and 32-bit instructions.
This results in a significantly smaller code size footprint without affecting performance noticeably. The
e200z3 core supports both the PowerPC Architecture Book E and VLE instruction sets.

1.4.2 Crossbar Switch (XBAR)

The XBAR multi-port crossbar switch supports simultaneous connections between four master ports and
five slave ports.
» Four master ports:
— Core CPU - Instruction
— Core CPU - Data
— eDMA
— EBI
» Five slave ports
— Flash (64-bit data access)
— EBI (16-bit data access)
— SRAM (32-bit data access)
— Peripheral Bridge A (32-bit data access)
— Peripheral Bridge B (32-bit data access)
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The crossbar allows for concurrent transactions to occur from any master port to any slave port. It is
possible for all master ports and slave ports to be in use at the same time as a result of independent master
requests. If a slave port is simultaneously requested by more than one master port, arbitration logic selects
the higher priority master and grant it ownership of the slave port. All other masters requesting that slave
port stall until the higher priority master completes its transactions. By default, requesting masters have
equal priority and are granted access to a slave port in round-robin fashion, based upon the ID of the last
master to be granted access.

1.4.3 Enhanced Direct Memory Access (eDMA) Controller

The enhanced direct memory access (eDMA) controller is a second-generation module capable of
performing complex data movements via 32 programmable channels, with minimal intervention from the
host processor. The hardware micro architecture includes a DMA engine which performs source and
destination address calculations, and the actual data movement operations, along with an SRAM-based
memory containing the transfer control descriptors (TCD) for the channels. This implementation is utilized
to minimize the overall block size.

1.4.4 Interrupt Controller (INTC)

The INTC (interrupt controller) provides priority-based preemptive scheduling of interrupt requests,
suitable for statically scheduled hard real-time systems. The INTC allows interrupt request servicing from
up to 210 interrupt sources.

For high priority interrupt requests, the time from the assertion of the interrupt request from the peripheral
to when the processor is executing the interrupt service routine (ISR) has been minimized. The INTC
provides a unique vector for each interrupt request source for quick determination of which ISR needs to
be executed. It also provides an ample number of priorities so that lower priority ISRs do not delay the
execution of higher priority ISRs. To allow the appropriate priorities for each source of interrupt request,
the priority of each interrupt request is software configurable.

When multiple tasks share a resource, coherent accesses to that resource need to be supported. The INTC
supports the priority ceiling protocol for coherent accesses. By providing a modifiable priority mask, the
priority can be raised temporarily so that all tasks which share the resource can not preempt each other.

Multiple processors can assert interrupt requests to each other through software settable interrupt requests.
These same software settable interrupt requests also can be used to break the work involved in servicing
an interrupt request into a high priority portion and a low priority portion. The high priority portion is
initiated by a peripheral interrupt request, but then the ISR asserts a software settable interrupt request to
finish the servicing in a lower priority ISR. Therefore these software settable interrupt requests can be used
instead of the peripheral ISR scheduling a task through the RTOS.

1.4.5 Frequency Modulated Phase-Locked Loop (FMPLL)

The frequency modulated PLL allows you to generate high speed system clocks from an 8-20 MHz crystal
oscillator or external clock generator. Further, the FMPLL supports programmable frequency modulation
of the system clock. The FMPLL multiplication factor, output clock divider ratio, modulation depth, and
modulation rate are all software configurable.
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1.4.6 External Bus Interface (EBI)

NOTE

The EBI is available on the 324 package only—the EBI is not available on
the 208 package due to pin limitations.

The EBI controls data transfer across the crossbar switch to/from memories or peripherals in the external
address space. The EBI includes a memory controller that generates interface signals to support a variety
of external memories. The EBI memory controller supports single data rate (SDR) burst mode flash,
SRAM, and asynchronous memories. In addition, the EBI supports up to four regions via chip selects
(multiplexed with four address bits), along with programmed region-specific attributes.

1.4.7 Calibration Bus Interface (CBI)

NOTE

The 208 package does not have a CBI. The CBI is available only in the 324
package using the 496 assembly.

The CBI controls data transfer across the crossbar switch to/from memories or peripherals connected to
the VertiCal connector. The CBI is only available when the silicon is packaged in the VertiCal calibration
system. Although the CBI shares the memory controller and most of the control logic with the EBI, these
buses come out on two completely independent sets of pads. The CBI memory controller supports single
data rate (SDR) non-burst mode flash, SRAM, and asynchronous memories. In addition, the CBI supports
up to three regions via dedicated calibration chip selects (two chip selects multiplexed with two address
bits), along with programmed region-specific attributes.

1.4.8 System Integration Unit (SIU)

The SIU controls MCU reset configuration, pad configuration, external interrupt, general purpose 1/0
(GPI10), internal peripheral multiplexing, and the system reset operation. The reset configuration block
contains the external pin boot configuration logic. The pad configuration block controls the static electrical
characteristics of 1/0 pins. The GPIO block provides uniform and discrete input/output control of the 1/0
pins of the MCU. The reset controller performs reset monitoring of internal and external reset sources, and
drives the RSTOUT pin. The SIU is accessed by the e200z3 core through the crossbar switch.

For more information on configuring the MPC5534 at reset see Section 1.5, “Chip Configuration.

1.4.9 On-chip Flash

The MPC5534 provides 1 MB of programmable, non-volatile, flash memory. The non-volatile memory
(NVM) can be used for instruction and/or data storage. The flash module interfaces the system bus to a
dedicated flash memory array controller. It supports a 64-bit data bus width at the system bus port, and a
128-bit read data interface to flash memory. The module contains a four-entry, 128-bit prefetch buffer and
a prefetch controller which prefetches sequential lines of data from the flash array into the buffer. Prefetch
buffer hits allow no-wait responses. Normal flash array accesses are registered and are forwarded to the
system bus on the following cycle, incurring three wait-states. Prefetch operations can be automatically
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controlled, and can be restricted to servicing a single bus master. Prefetches can also be restricted to being
triggered for instruction or data accesses.

1.4.10 Static Random Access Memory (SRAM)

The MPC5534 SRAM module provides a general-purpose 64-KB memory block. The first 32 KB block
of the SRAM is powered by its own power supply pin, called Vgtgy. This allows the contents of this
memory region to be preserved when the rest of the MCU is powered down.

ECC handling is done on a 32-bit boundary and is completely software compatible with MPC5500 family
devices with an e200z6 core and 64-bit wide ECC syndrome. Because the e200z3 core in MPC5534 is a
cacheless processor, the platform RAM is organized on a 32-bit boundary versus the 64-bit organization
used on other MPC5500 family MCUs based on the e200z6 core.

1.4.11 Boot Assist Module (BAM)

The BAM is a block of read-only memory that is hard-coded by Freescale and is identical for all MPC5500
family MCU’s with an e200zn core. The BAM program executes when the MCU is powered-on or reset
in normal mode. The BAM supports the following modes of booting:

» Booting from internal flash memory
» Single master booting from external memory (for parts in 324 BGA that have an external bus)

» Serial boot loading (a program is downloaded into RAM via eSCI or the FlexCAN and then
executed)

The BAM reads the reset configuration half word (RCHW) from flash memory and configures the device.
Flash memory can be either internal (208 and 324 packages) or external (324 package only).

For more information on configuring the MPC5534 at reset, see Section 1.5, “Chip Configuration.

1.4.12 Enhanced Module Input/Output System (eMIOS)

The eMIOS module provides the functionality to generate or measure time events. A unified channel (UC)
module uses a superset of the functionality of all the eMIOS channels, while providing a consistent user
interface. This allows you more flexibility to program each unified channel for different functions to be
used in various applications. To identify up to two timed events, configure the UC with two comparators,
a time base selector and registers. This can produce match events which can measure or generate a
waveform. Alternatively, input events can be used to capture the time base, allowing measurement of an
input signal.

1.4.13 Enhanced Time Processing Unit (eTPU)

The eTPU is an enhanced co-processor designed for timing control. Operating in parallel with the host

CPU, the eTPU processes instructions and real-time input events, performs output waveform generation,
and accesses shared data without host intervention. Consequently, for each timer event, the host CPU setup
and service times are minimized or eliminated. A powerful timer subsystem is formed by combining the
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eTPU with its own instruction and data RAM. High-level assembler/compiler and documentation allows
customers to develop their own functions on the eTPU.

The eTPU is an enhanced version of the TPU module implemented on the MC68332 and MPC500
products. Enhancements of the eTPU include a more powerful processor which handles high-level C code
efficiently and allows for more functionality and increased performance. Although there is no
compatibility at microcode level, the eTPU maintains several features of older TPU versions and is
conceptually almost identical. The eTPU library is a superset of the standard TPU library functions
modified to take advantage of enhancements in the eTPU. These, along with a C compiler, make it
relatively easy to port previous applications. By providing source code for the Freescale library, the eTPU
can support your own function development.
The eTPU includes these distinctive features:

» 32 channels, each channel is associated with one input and one output signal.

— Enhanced input digital filters on the input pins for improved noise immunity.

— Identical, orthogonal channels: each channel can perform any time function. Each time
function can be assigned to more than one channel as a given time, so each signal can have
any functionality.

— Each channel has an event mechanism which supports single and double action functionality
in various combinations. It includes two 24-bit capture registers, two 24-bit match registers,
24-bit greater-equal and equal-only comparators

— Input and output signal states visible from the host
» Two independent 24-bit time bases for channel synchronization:

— First time base clocked by system clock with programmable prescale division from 2 to 512
(in steps of 2), or by output of second time base prescaler

— Both time bases can be exported to the eMIOS timer module

— Second time base counter can work as a continuous angle counter, enabling angle based
applications to match angle instead of time.

— Both timebases visible from the host
» Event-triggered microengine:
— Fixed-length instruction execution in two-system-clock microcycle
— 12 KB of code memory (SCM)
— 2.5 KB of parameter (data) RAM (SPRAM)

— Parallel execution of data memory, ALU, channel control and flow control sub-instructions in
selected combinations

— 32-bit microengine registers and 24-bit wide ALU, with 1 microcycle addition and
subtraction, absolute value, bitwise logical operations on 24-bit, 16-bit, or byte operands,
single bit manipulation, shift operations, sign extension and conditional execution

— Additional 24 bit Multiply/MAC/Divide unit which supports all signed/unsigned
Multiply/MAC combinations, and unsigned 24-bit divide. The MAC/Divide unit works in
parallel with the regular microcode commands
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» Resource sharing features support channel use of common channel registers, memory and
microengine time:

— Hardware scheduler works as a “task management” unit, dispatching event service routines by
pre-defined, host-configured priority.

— Automatic channel context switch when a "task switch" occurs, i.e., one function thread ends
and another begins to service a request from other channel: channel-specific registers, flags
and parameter base address are automatically loaded for the next serviced channel

— SPRAM shared between host CPU and eTPU, supporting communication either between
channels and host or inter-channel

— Dual-parameter coherency hardware support allows atomic access to two parameters by host
» Test and development support features:

— Nexus Class 3 debug, supporting single-step execution, arbitrary microinstruction execution,
hardware breakpoints and watchpoints on several conditions (see Section 1.4.18, “Nexus,” for
more details on the Nexus module)

— Software breakpoints

— SCM continuous signature-check built-in self test (MISC—multiple input signature
calculator), runs concurrently with eTPU normal operation

1.4.14 Enhanced Queued Analog/Digital Converter (eQADC)

The enhanced queued analog to digital converter (eQADC) block provides accurate and fast conversions
for a wide range of applications. The eQADC provides a parallel interface to two on-chip analog to digital
converters (ADCs), and a single master to single slave serial interface to an off-chip external device. The
two on-chip ADCs are designed to allow access to all the analog channels.

The eQADC transfers commands from multiple command FIFOs (CFIFOs) to the on-chip ADCs or to the
external device. The block can also receive data from the on-chip ADCs or from an off-chip external
device into multiple result FIFOs (RFIFOs) in parallel, independently of the CFIFOs. The eQADC
supports software and external hardware triggers from other blocks to initiate transfers of commands from
the CFIFOs to the on-chip ADCs or to the external device. It also monitors the fullness of CFIFOs and
RFIFOs, and accordingly generates DMA or interrupt requests to control data movement between the
FIFOs and the system memory, which is external to the eQADC.

1.4.15 Deserial/Serial Peripheral Interface (DSPI)

The deserial serial peripheral interface (DSPI) block provides a synchronous serial interface for
communication between the MPC5534 MCU and external devices. The DSPI supports pin count reduction
through serialization and deserialization of eTPU channels and memory-mapped registers. The channels
and register content are transmitted using a SPI-like protocol. There are two identical DSPI blocks on the
MPC5534 MCU.

The DSPIs have three configurations:

» Serial peripheral interface (SPI) configuration where the DSPI operates as a SPI with support for
queues
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» Deserial serial interface (DSI) configuration where the DSPI serializes eTPU and eMIOS output
channels and deserializes the received data by placing it on the eTPU and eMIQOS input channels

» Combined serial interface (CSI) configuration where the DSPI operates in both SPI and DSI
configurations interleaving DSI frames with SPI frames, giving priority to SPI frames

For queued operations, the SPI queues reside in system memory external to the DSPI. Data transfers
between the memory and the DSPI FIFOs are accomplished through the use of the eDMA controller or
through host software.

1.4.16 Enhanced System Communications Interface (eSCl)

The enhanced serial communications interface (eSCI) allows asynchronous serial communications with
peripheral devices and other MCUs. It includes special support to interface to local interconnect network
(LIN) slave devices.

1.4.17 Flexible Controller Area Network (FlexCAN)

The MPC5534 MCU contains two controller area network (FlexCAN) blocks. Each FlexCAN module is
a communication controller implementing the CAN protocol according to Bosch Specification version
2.0B. The CAN protocol was designed to be used primarily as a vehicle serial data bus, meeting the
specific requirements of this field: real-time processing, reliable operation in the EMI environment of a
vehicle, cost-effectiveness and required bandwidth. Each FlexCAN module has 64 message buffers (MB).

1.4.18 Nexus

The NDI (Nexus Debug Interface) block provides real-time development support capabilities for the
MPC5534 MCU in compliance with the IEEE-ISTO 5001-2003 standard. This development support is
supplied for MCUs without requiring external address and data pins for internal visibility. The NDI block
is an integration of several individual Nexus blocks that are selected to provide the development support
interface for the MPC5534. The NDI block interfaces to the host processor, eTPU, and internal buses to
provide development support as per the IEEE-ISTO 5001-2003 standard. The development support
provided includes program trace, data trace, watchpoint trace, ownership trace, run-time access to the
MCUs internal memory map and access to the core and eTPU internal registers during halt. The Nexus
interface also supports a JTAG only mode using only the JTAG pins. The following features are
implemented:

o 15 or 23 full duplex pin interface for medium and high visibility throughput:

— One of two modes selected by register configuration: full port mode (FPM) and reduced port
mode (RPM): FPM comprises 12 MDO pins (324 package only); RPM comprises four MDO
pins (208 and 324 packages).

— Auxiliary output port
* One MCKO (message clock out) pin
* Four or 12 MDO (message data out) pins
«  Two MSEO (message start/end out) pins
« One RDY (ready) pin
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« One EVTO (event out) pin
— Auxiliary input port

« One EVTI (event in) pin

* Five pin JTAG port (JCOMP, TDI, TDO, TMS, and TCK)
— Supports JTAG mode

» Host processor (e200) development support features
— |EEE-ISTO 5001-2003 standard Class 3 compliant

— Data trace via data write messaging (DWM) and data read messaging (DRM). This allows the
development tool to trace reads and/or writes to selected internal memory resources.

— Ownership trace via ownership trace messaging (OTM). OTM facilitates ownership trace by
providing visibility of which process ID or operating system task is activated. An ownership
trace message is transmitted when a new process/task is activated, allowing development tools
to trace ownership flow.

— Program trace via branch trace messaging (BTM). Branch trace messaging displays program
flow discontinuities (direct branches, indirect branches, exceptions, etc.), allowing the
development tool to interpolate what transpires between the discontinuities. Thus, static code
can be traced.

— Watchpoint messaging (WPM) via the auxiliary port
— Watchpoint trigger enable of program and/or data trace messaging
— Data tracing of instruction fetches via private opcodes

— Subset of PowerPC Architecture Book E software debug facilities with OnCE block (Nexus
Class 1 features implemented by OnCE)

» eTPU development support features
— |EEE-ISTO 5001-2003 standard Class 3 compliant for the eTPU

— Data trace via data write messaging and data read messaging. This allows the development
tool to trace reads and writes to selected shared parameter RAM (SPRAM) address ranges.
Four data trace windows are available.

— Ownership trace via ownership trace messaging (OTM). OTM facilitates ownership trace by
providing visibility of which channel is being serviced. An ownership trace message is
transmitted to indicate when a new channel service request is scheduled, allowing the
development tools to trace task flow. A special OTM is sent when the engine enters in idle
state, meaning that all requests were serviced and no new requests are yet scheduled.

— Program trace via branch trace messaging. BTM displays program flow discontinuities (start,
repeat, jump, return, etc.), allowing the development tool to interpolate what transpires
between the discontinuities. Thus static code can be traced. The branch trace messaging
method uses the branch/predicate method to reduce the number of generated messages.

— Watchpoint messaging via the auxiliary port. WPM provides visibility of the occurrence of the
eTPUs’ watchpoints and breakpoints.

— Nexus based breakpoint/watchpoint configuration and single step support.

MPC5534 Microcontroller Reference Manual, Rev. 2
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* Run-time access to the on-chip memory map via the Nexus read/write access protocol. This
feature supports accesses for run-time internal visibility, calibration variable acquisition,
calibration constant tuning, and external rapid prototyping for powertrain automotive
development systems.

» All features are independently configurable and controllable via the IEEE 1149.1 1/O port.

» The NDI block reset is controlled with JCOMP, power-on reset, and the TAP state machine. All
these sources are independent of system reset.

» Power-on-reset status indication during reset via MDOJ[0] in disabled and reset modes

1.4.19 JTAG

The JTAGC (JTAG Controller) block provides the means to test chip functionality and connectivity while
remaining transparent to system logic when not in test mode. Testing is performed via a boundary scan
technique, as defined in the IEEE 1149.1-2001 standard. All data input to and output from the JTAGC
block is communicated in serial format. The JTAGC block is compliant with the IEEE 1149.1-2001
standard.

1.5 Chip Configuration
Various functions of the MPC5534 can be implemented at reset, and the following operations can be
configured:
» Boot mode
— Internal memory boot (default)
— External memory boot (single master—324 package only)
— Boot from serial port (FlexCAN or eSCI)
e PLL mode
— Normal mode with crystal reference (default)
— Normal mode with external reference
— Bypass mode
» Watchdog timer enable

MPC5534 Microcontroller Reference Manual, Rev. 2
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1.6 Related Documentation

Table 1-5 lists other documents that provide information related to the MPC5534 and its development
support tools. Documentation is available from a local Freescale distributor, a Freescale semiconductor
sales office, the Freescale Literature Distribution Center, or through the Freescale world-wide web address
at http://www.freescale.com.

Table 1-5. MPC5534 and Related Documentation

Freescale
Document Title
Number

MPC5534RM MPC5534 Reference Manual

AN2127/D EMC Guidelines for MPC500-Based Automotive Powertrain Systems

AN1259/D System Design and Layout Techniques for Noise Reduction in MCU-Based Systems

AN2613 MPC5554 Minimum Board Configuration
AN2614 Nexus Interface Options for the MPC5500 Family
AN2706 EMC Guidelines for MPC5500-based Systems

MPC5534 Microcontroller Reference Manual, Rev. 2
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Chapter 2
Signals

This chapter describes the external device signals, including a table of signal properties, detailed
descriptions of the available signals, and the 1/0 pin power/ground segmentation.

2.1 Block Diagram

This chapter describes the signals of the MPC5534 that connect off chip. It includes a table of signal
properties, detailed descriptions of signals, and connections and serialization for the eTPU and eMIOS.

Figure 2-1 shows the signals that are available on the device in the 324 package. Signals designated in red
are not available due to pin limitations on the 208 package. Signals shown in blue are primary functions
that are not designed into this device.

Read the Package columns in Table 2-1 for the alpha/numeric code that identifies each ball for one set of
muxed signals. You can cross reference this column to the BGA package figures in the Data Sheet to
identify the ball location on the device. The VertiCal assembly assignments are also listed in the table.

NOTE

The VertiCal assembly has ball connections for all the available signals on
the device.

MPC5534 Microcontroller Reference Manual, Rev. 2
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RESET/
CONFIGURATION

EXTERNAL
BUS
INTERFACE
(EBI)

CALIBRATION

NEXUS

JTAG/TEST

FlexCAN

eSCl

DSPI

Ne[

RESET ——>»

__ RSTOUT <«—
GPIO[208]_IRQ[4]_PLLCFG[0] <—>
GPIO[209]_SOUTD_IRQ[5]_PLLCFG[1] <—>|
(GPIO[210] RSTCFG <—>

GPIO[211]_IRQ[2]_BOOTCFG[0] <«—>

GPIO[212]_IRQ[3]_BOOTCFG[1] <€«—>
GPIO[213]_WKPCFG <—>|

GPIO[0]_ADDRI[8]_CS[0] <—>|
GPIO[1:3]_ADDRI[9:11]_CS[1:3] <€—>
GPIO[8:27]_ADDR[12:31] <——>|
GPI0[28:43]_DATA[0:15] <€«—>
GPIO[62]_RD_WR <—>
GPIO[63]_BDIP €—>

GPI0[64:65] WE/BE[0:1] <€—>]
GPIO[68] OF <€—>

GPIO[69]_TS <€—>

GPIO[70]_TA <€—>

CAL_ADDR[12:30] <€———
CAL_ADDR[10:11]_CAL_CS[2:3] <€——
CAL_CS[0] €«——

CAL_DATA[0:15] <«—>

CAL_OE €«——

CAL_RD_WR <€—

CAL_TS «——

CAL_WE/BE[0:1] €———

EVTI ———>»|

EVTO <«——

MCKO <——

MDO[0] <«——

MDO[3:1] <€——
GPIO[82:75]_MDO[11:4] <€—>
MSEO[1:0] <€———

RDY <€——

TCK —>
TDl —>
TDO €«—
™S ——>
JCOMP ——>

TEST —>

GPIO[83]_CNTXA <—>

GPIO[84]_CNRXA <<—>
GPIO[87]_PCSD[3]_CNTXC <—>
GPIO[88]_PCSD[4]_CNRXC <—>

GPIO[89]_TXDA <—>

GPIO[90]_RXDA <—>
GPIO[91]_PCSD[1]_TXDB <——>|
GPIO[92]_PCSD[5]_RXDB <€—>

GPIO[85]_PCSC[3] <€—>
GPIO[86]_PCSC[4] <—>
GPIO[93]_PCSC[1] <€—>
GPIO[94]_PCSC[2] <—>
GPIO[95]_PCSC[5] <€—>
GPIO[96]_PCSD[2] <€«—>
GPIO[97]_PCSB[2] €—>
GPIO[98]_SCKD <«—>
GPIO[99]_SIND <—>
GPIO[100]_SOUTD <—>
GPIO[101]_PCSB[3] <€—>
GPIO[102]_PCSC[1]_SCKB <—>
GPIO[103]_PCSC[2]_SINB <—>
GPIO[104]_PCSC[5]_SOUTB
GPIO[105]_PCSD[2]_PCSB[0]
GPIO[106]_PCSD[0]_PCSB[1]
GPIO[107]_SOUTC_PCSB[2]
GPIO[108]_SINC_PCSBJ[3]
GPIO[109]_SCKC_PCSB[4]
GPIO[110]_PCSC[0]_PCSBI[5]

NC

MPC5534

——> XTAL

+—> CLKOUT
+—> ENGCLK

| ——— AN[0]_DANO+
«——— AN[1]_DANO-
|€«——— AN[2]_DAN1+
|«——— AN[3]_DAN1-
|«——— AN[4]_DAN2+
|«——— ANJ[5]_DAN2-
l«——— AN[6]_DAN3+
[«——— AN[7]_DAN3-
[«——— AN[8]_ANW
|«——— AN[9]_ANX_BIAS
«——— AN[10]_ANY
|«——— AN[11]_ANZ
€«—> AN[12]_MA[0]_SDS
|«—> AN[13]_MA[1]_SDO
|«—> AN[14]_MA[2]_SDI
|«—> AN[15]_FCK
l€«——— AN[16:31]
«——— AN[32:39]

|<€——— REFBYPC

l€«——>» TCRCLKA_IRQ[7]_GPIO[113]

|l«—> ETPUA[0:3] ETPUA[12:15]_GPIO[114:117]
l«——> ETPUA[4:7] ETPUA[16:19]_GPIO[118:121]
|«—> ETPUA[8:11]_ETPUA[20:23]_GPIO[122:125]
l«—> ETPUA[12]_PCSB[1]_GPIO[126]

|l«—> ETPUA[13]_PCSB[3]_GPIO[127]

|«—> ETPUA[14]_PCSB[4]_GPIO[128]

|l«—> ETPUA[15]_PCSB[5]_GPIO[129]

|l«<—> ETPUA[16]_PCSD[1]_GPIO[130]

|l«—> ETPUA[17]_PCSD[2]_GPIO[131]

|l«—> ETPUA[18]_PCSD[3]_GPIO[132]

l«—> ETPUA[19]_PCSD[4]_GPIO[133]

l«—> ETPUA[20:23]_IRQ[8:11]_GPIO[134:137]
|«—> ETPUA[24:26]_IRQ[12:14]_GPIO[138:140]
|l«—> ETPUA[27]_IRQ[15]_GPIO[141]

|l«—> ETPUA[28]_PCSC[1]_GPIO[142]

|l«—> ETPUA[29]_PCSC[2]_GPIO[143]

|l«—> ETPUA[30]_PCSC[3]_GPIO[144]

l«—> ETPUA[31]_PCSC[4]_GPIO[145] _

l«—> EMIOS[0:2]_ETPUA[0:2]_GPIO[179:181]
|l«—> EMIOS[3:5]_ETPUA[3:5]_GPIO[182:184]
l«—> EMIOS[6:7]_ETPUA[6:7]_GPIO[185:186]
l«—> EMIOS[8:9]_ETPUA[8:9]_GPIO[187:188]
|l«—> EMIOS[10]_GPIO[189]

|l«—> EMIOS[11]_GPIO[190]

l«—> EMIOS[12]_SOUTC_GPIO[191]
|l«—> EMIOS[13]_SOUTD_GPIO[192]
|l«—> EMIOS[14:15]_IRQ[0:1]_GPIO[193_194]
|l«—> EMIOS[16:18]_GPIO[195:197]
|l«—> EMIOS[19:21]_GPIO[198:200]
l«—> EMIOS[22:23]_GPIO[201:202]

l«—> EMIOS[14:15]_GPIO[203:204] ]
|«—> GPI0[206:207]

[€&—— EXTCLK_EXTAL

[€— VRreas
<€— VRrcvss
> VRrccTL
[<€— Vopa1
[ € Vssa1
[<€— Vopswyn
[€— Vssswyn
€ VFLasH
< Vpp

Vss(GND)
[€— Vopao

[€— Vssao

Figure 2-1. MPC5534 Signal Diagram
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2.2  External Signal Descriptions

This section summarizes the external signal functions, the electrical characteristics, and pad configuration
settings for this device. The signal properties and electrical characteristics are set in the System Integration
Unit (SIU) Pad Configuration (PCR) registers.

2.2.1 Multiplexed Signals

Signal functions are multiplexed to each ball on the BGA in a function hierarchy: Primary, Main Primary,
Alternate, Second Alternate, and General Purpose Input/Output (1/0). For example, in the signal
PCSA[3]_SIND_GPIO[99], the primary signal function is PCSA[3], the first alternate signal function is
SIND, and the GPIO function is a generic General Purpose I/O signal. Multiplexing signal functions
allows for more flexibility when configuring the device, as well as providing compatibility with other
devices in the MPC5500 product family.

The primary signal function name is used in the Ball Grid Array (BGA) map to identify the location of the
ball, however, the primary signal function is not always valid for all devices. As shown in Figure 2-2, when
the primary signal function is not available on the device, the Signal Name column contains the primary
signal function name, ‘No primary signal’ is shown in the Signal Function column, and a dash appears in
the P/A/G, and 1/0 Type columns.

Table Primary function not
footnote\ designed into this device Table 4-1. Signal Properties

~

Primary signal functions
are listed first
P
Secondary signal functions ' ) ) . A/ W0
are alterna‘;e f%nctions and are Signal Nay@z/ Signal\Functions \G\ Type
R

list fter the primary signal
sted after the primary signa ~PCSA[3]_K No primary;ignal i—
SIND_ DSPI D data input A |
GPIO signal functions are P 4 GPIO[99] GPIO G| IO

general functions listed last

1 Some devices have two alternate signals muxed to the same ball: first alternate (A); second alternate (A2).
Figure 2-2. Primary Function Not Available on Device

The entries in the P/A/G column designate the position in the signal function hierarchy for multiplexed
functions. These symbols correspond to binary values for the Pin Assignment (PA) field in the SIU_PCR
registers that determine the active signal function. The PA field length varies from 1- to 3-bits, depending
on the PCR register.

MPC5534 Microcontroller Reference Manual, Rev. 2
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Figure 2-3 explains the symbol definitions used in the P/A/G column for Table 2-1.

The main primary function
is used for compatibility. N A

2.2.2

Table 2-1 gives a summary of the device’s external signals and properties. See Section 2.3, “Detailed

Bit 3 in the SUI_PCR registers

Bit 5 in the SUI_PCR registers

is bit 2 in the PA field.

is bit 0 in the PA field. U PA[0:2]
P/A/G PA Sianal Tvbe Register Bits Number of
Symbol gnal Typ 3 | a4 | 9| MuxedSignals 1
G General purpose /0 - - 0 1-bit
P Primary _ - 1 2 muxed signals
\ Alternate - 1 0 2-bits
4 MP Main — 1 1 4 muxed signals
A2 Second alternate 1 0 0 3-bits
All other values reserved for future use. 1 n n >4 muxed signals

T Two-bit PA fields include the 1-bit muxed signal values; 3-bit PA fields include the 1- and 2-bit

muxed signal values.

Figure 2-3. Understanding the P/A/G Column Entries

Device Signals Summary

Signal Description,” for detailed descriptions of each signal. The signals shown in red are not available on
the 208 package; signals shown in blue are primary functions that are not available in this device.

Table 2-1. MPC5534 Signal Properties

iy Status Package
] ) ) Al | 1/O Pad During After 496
Signal Name Signal Function G |Type | Voltage? | Type® | Reset® | Reset® 208 | 324 |\ tical
Reset / Configuration
- ) RESET RESET /
RESET External reset input P | VbDEHS SH L16 R22 AA27
/Up Up
RSTOUT External reset output P (0] VbDEHS SH RSTOUT/ RST.OUT/ K15 P21 W26
Low High
PLLCFGI0]_ PLLMRFM mode selection P |
— ) PLLCFG/
IRQ[4]_ External interrupt request A | VbDEHS MH Up -/Up V21 Va1 AB27
GPIO[208] GPIO G 1/0
PLLCFG[1]_ PLLMRFM reference selection P |
TRQ[5]_ External interrupt request A | v MH PLLCFG/ | _, Up N1S 020 AADE
SOUTD_ DSPI D data output A2 | o DDEHE Up
GPIO[209] GPIO G 1/0
RSTCFG_’ Reset configuration input P | RSTCFG/
v SH -/U — P22 Y28
GPIO[210] GPIO G | 110 DDEHE Up P
BOOTCFG[0]_’ Boot configuration input P |
== . BOOTCFG
IRQ[2]_ External interrupt request A | VDDEHS SH / Down —/ Down — u21 AB26
GPIO[211] GPIO G | 10
MPC5534 Microcontroller Reference Manual, Rev. 2
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Table 2-1. MPC5534 Signal Properties (continued)
iy Status Package
Al | 1O Pad During After 496
: 1 : : 208 24
Signal Name Signal Function G |Type | Voltage? | Type® | Reset® | Reset® 3 VertiCal
BOOTCFG[1]_ Boot configuration input P |
= . BOOTCFG
IRQ[3]_ External interrupt request A | VbDEHS SH / Down —/Down | M15 T20 AB24
GPIO[212] GPIO G | 1o
WKPCFG_ Weak pull configuration input =] | WKPCFG/
v SH -/U L15 R19 AA24
GPIO[213] GPIO G | 1o DDEHG6 Up P
External Bus Interface (EBI) 8
CS[0]_ External chip selects P 0
ADDR[8]_° External address bus A I/0 VbbE2 F —-/Up —/Up'0 R1 M4 T7
GPIO[0] GPIO G | 1o
CS[1:3)_ M External chip selects p 0 V3 Rs P
ADDRI[9:11]_® External address bus A I/0 Vbbe2 F —/Up —/Up'® — | nz N1 5F’275’
GPIO[1:3] GPIO G | 1o '
T3,U3, | Y7, AC3,
U4,V3, | ACs5,
P1,P2, | AB5, T3,
R1,R2, | T2, T1
ADDR[12:26] 9 " External address bus P I/0 10 e 1L
i VbDE2 F -/ Up -/ Up — T1,T2, V2, W1,
GPIO[8:22] GPIO G I/0 ut,u2, | wa, 1.
V1,V2, | Y2, AA2,
Wi AB2,
AC2
AD2
ADDR[27:29] % External address bus P | O 10 Y2,Y1 ’
V F -/U -/U — L AD3,
GPIO[23:25] GPIO G | 1o DDE2 P P AT |
ADDR[30:31]_% " External address bus P I/0 10
Y F -/U -/U — | W3, V4| AF2, AE3
GPIO[26:27] GPIO G | 10 DDE2 P P
ABA4. AG11,
AF12,
AA5,
AG13,
ABS5,
AH13,
ABSG,
AG14,
AB7,
AH15,
AA8, | AG15
AB8 ’
DATA[0:15] % 11 External data bus P | O 10 | AH16
V F -/U -/U — AA9, ’
GPIO[28:43] GPIO G | 1o DDE3 P P AB12,
Y86,Y7,
V8 AF10,
’ AD13,
wo,
AF11,
W10,
AB15,
Y10,
W11 AD12,
vi1 | AD15,
AF13
RD_WR_" External read/write P I/0
_ _ Vi F _ _ 10 _ P
GPIO[62] GPIO G | 1o DDE2 /Up /Up 3 us
BDIP_ 1 External burst data in progress P o] v F U / Up10 M1 NA
GPIO[63] GPIO G | 1o DDE2 P P
WE/BE[0:1]_1"- 12 External write/byte enable P 0 10
V F -/U -/U — N4, N3 | U5, T5
GPIO[64:65] GPIO G | 10 DDE2 P P
MPC5534 Microcontroller Reference Manual, Rev. 2
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Table 2-1. MPC5534 Signal Properties (continued)

iy Status Package
Signal Name ! Signal Function A |00, | vottage? | Tyme? | Rewsts | mesett | 208 | 324 | 460
gETO[es] Z’gf(;"a' output enable g V% Vopes F —/Up | —/Up™ | T3 | AB9 | AF16
TS_ M External transfer start P I/0 Vopes . up _up'0 . T4 W3
GPIO[69] GPIO G | /0
Fa 11
;Al;]o[?O] Zﬁle(;nal transfer acknowledge g :;g Vopes E —/Up —/Up® . R4 V3
Calibration Bus
CAL_CSj0] '3 Calibration chip select P 0 VbbDE12 F —/Up —/Up — — AB11
Q) 13 H ; i
CALADDRI10] | aliration aceross bs p | O [ Voome | F | i | v | = — |
CAL_CS[3]_"8 Cal?brat?on chip select P o Vo1 . Up Up . _ AB10
CAL_ADDRJ[11] Calibration address bus A
CAL_ADDR[12] '3 Calibration address bus P o] VppEei2 F —/Up —/Up — — AA14
CAL_ADDR[13] ® Calibration address bus P o VbbDE12 F -/Up -/Up — — R8
CAL_ADDR[14] 18 Calibration address bus P o VbDE12 F -/Up -/Up — — AA15
CAL_ADDR[15] '3 Calibration address bus P o VbbDE12 F -/Up -/Up — — w7
CAL_ADDR[16] '® Calibration address bus P o VbDE12 F -/Up -/Up — — P7
CAL_ADDR[17] 3 Calibration address bus P o VbbDE12 F -/Up -/Up — — P8
CAL_ADDR[18] '3 Calibration address bus P o VbDE12 F -/Up -/Up — — u7
CAL_ADDR[19] '8 Calibration address bus P o VbbDE12 F -/Up -/Up — — N7
CAL_ADDR[20] '3 Calibration address bus P o VbDE12 F -/Up -/Up — — M8
CAL_ADDR[21] 18 Calibration address bus P o VbbDE12 F -/Up -/Up — — M7
CAL_ADDR[22] '3 Calibration address bus P o VbDE12 F -/Up -/Up — — V7
CAL_ADDR[23] '8 Calibration address bus P o VbbDE12 F -/Up -/Up — — L8
CAL_ADDR[24] '3 Calibration address bus P o VbDE12 F -/Up -/Up — — T8
CAL_ADDR[25] 18 Calibration address bus P o VbbDE12 F -/Up -/Up — — K8
CAL_ADDR[26] '3 Calibration address bus P 0 VbDE12 F -/Up -/Up — — L7
CAL_ADDR[27] 18 Calibration address bus P o VbbDE12 F -/Up -/Up — — us
CAL_ADDR[28] '3 Calibration address bus P 0 VbDE12 F -/Up -/Up — — V8
CAL_ADDR[29] '8 Calibration address bus P (6] VpopE12 F -/Up -/Up — — AB13
CAL_ADDR[30] '3 Calibration address bus P o} VbpE12 F —-/Up —-/Up — — AB14
w21,Y22
,vai,
CAL_DATA[0:7] '3 Calibration data bus P | /O | Vppero F —-/Up —-/Up — — \l/Jvzz12
u22,
T21, T22

MPC5534 Microcontroller Reference Manual, Rev. 2
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Table 2-1. MPC5534 Signal Properties (continued)
iy Status Package
Al | 1O Pad During After 496
; 1 ; ; 208 24
Signal Name Signal Function G |Type | Voltage? | Type® | Reset® | Reset® 3 VertiCal
AA17,
AB16,
AA1S,
13 i AB17,
CAL_DATA[8:15] Calibration data bus P I/0 VppE12 F -/ Up -/ Up — — AA19
AB19,
AA20,
AB20
CAL_RD_WR 18 Calibration read/write P o VbbE12 F -/Up -/Up — — ws
CAL_WE/BE[0:1] 13 Calibration write/byte enable P 0 VbDE12 F —/Up —/Up — — | Y8,AA7
CAL_OE 8 Calibration output enable P o VbbDE12 F -/Up -/Up — — AD16
CAL_TS '3 Calibration transfer start P 0 VbDE12 F -/Up -/Up — — AA11
NEXUS
EVTI Nexus event in P [ Vppe7 F I/Up |EVTI/Up| E15 | F21 G26
EVTO Nexus event out P o] Vppe? F O/Low EL’;;? " bis F22 G27
MCKO /
MCKO Nexus message clock out P (0] Vbpe7 F O/Low 14| F15 G20 H26
Enabled
15 . MDO /
MDO[0] Nexus message data out P (0] Vbope7 F O/ High Low Al14 B20 C25
B13, D18,
MDO[3:1] Nexus message data out P (0] Vope7 F O/ Low MDO/ A13, C18, c23,
Low B21, C24
B14 C19
A17:18 A23,
, B17, C22,
A19 A20
MDO[11:4]_ Nexus message data out P (6] ’ ’
V F O/Low —/ Down — B18, A24,
GPIO[82:75]'® GPIO G | 10 DDE7 p17. | B23
C17, B20,
B19 | C20, B24
e . MSEO / E16, G22,
MSEO[1:0] Nexus message start/end out P (0] Vbpe7 F O/ High High c15 G21 G24, H24
RDY Nexus ready output P (0] Vbpe7 F O/High |[RDY/High| — G19 J24
JTAG / TEST
. TCK/ TCK/
TCK JTAG test clock input P [ Vbpe7 F Down Down C16 D21 E27
TDI JTAG test data input | Vbpe7 F TDI/ Up TDI/ Up E14 D22 E28
TDO JTAG test data output (6] Vbpe7 F TDO/Up | TDO/Up | F14 E21 F27
TMS JTAG test mode select input | Vbpe7 F TMS/Up | TMS/Up | D14 E20 E26
JCOMP JTAG TAP controller enable P | Vbpe7 F JCOMP /| JCOMP / F16 F20 F26
Down Down
TEST Test mode select P | Vbpe7 F TEST/Up | TEST/Up | D16 E22 F28
MPC5534 Microcontroller Reference Manual, Rev. 2
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Table 2-1. MPC5534 Signal Properties (continued)

iy Status Package
Al | 1O Pad During After 496
; 1 ; ; 208 24
Signal Name Signal Function G |Type | Voltage? | Type® | Reset® | Reset® 3 VertiCal
FlexCAN
CNTXA_ 17 FlexCAN A transmit P o}
_ V SH /U -/U P12 Y17 AF22
GPIO[83] GPIO G | vo | 'DPEH4 P P
CNRXA_ 17 FlexCAN A receive P I v SH U U Ri2 | Apts | Agoe
GPIO[84] GPIO G | vo | VDDEHs P P
CNTXC_ FlexCAN C transmit P (0]
PCSD[3]_ DSPI D peripheral chip select A (0] VDDEHS MH -/ Up -/ Up K13 P19 W24
GPI0[87] GPIO G I/0
CNRXC_ FlexCAN C receive P |
PCSD[4]_ DSPI D peripheral chip select A (0] VbDEHS MH -/ Up -/ Up L14 R20 Y26
GPIO[88] GPIO G I/0
eSClI
TXDA_ eSCl A transmit P O v SH U U J14 N20 Vo4
GPIO[89] GPIO G | vo | VDDEHS P P
RXDA eSCl A receive P |
- V SH -/U -/U K14 P20 u26
GPIO[90] GPIO G | o | VDDEHe P P
TXDB_ eSCI B transmit P O
PCSD[1]_ DSPI D peripheral chip select A O VDbDEHS MH -/ Up -/ Up L13 R21 Y27
GPIO[91] GPIO G I/O
RXDB_ eSCI B receive P |
PCSD[5]_ DSPI D peripheral chip select A (0] VDDEHS MH -/ Up -/ Up M13 T19 Y24
GPIO[92] GPIO G I/0
DSPI
CNTXB 18 No primary signal — —
PCSCI[3]_ DSPI C peripheral chip select A (0] VDDEH4 MH -/ Up -/ Up T12 AB18 AG23
GPIOI[85] GPIO G I/0
CNRXB 18 No primary signal — | =
PCSC[4]_ DSPI C peripheral chip select A o VbDEH4 MH -/Up -/Up R13 | AB19 AH23
GPIO[86] GPIO G I/0
SCKA '8 No primary signal — —
PCSC[1]_ DSPI C peripheral chip select A (0] VDbDEHS MH -/ Up -/ Up — L22 u27
GPIO[93] GPIO G I/0
SINA 18 No primary signal — | =
PCSC[2]_ DSPI C peripheral chip select A O VbDEHS MH -/ Up -/ Up — L21 P27
GPI0[94] GPIO G I/0
SOUTA'® No primary signal — —
PCSCI[5]_ DSPI C peripheral chip select A (0] VDbDEHS MH -/ Up -/ Up — L20 P24
GPIO[95] GPIO G I/0
PCSA[0] '8 No primary signal — | -
PCSD[2]_ DSPI D peripheral chip select A (0] VDDEHS MH -/ Up -/ Up — M20 R24
GPIO[96] GPIO G I/0
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Signals
Table 2-1. MPC5534 Signal Properties (continued)
iy Status Package
Al | 1O Pad During After 496
: 1 : : 208 24
Signal Name Signal Function G |Type | Voltage? | Type® | Reset® | Reset® 3 VertiCal
PCSA[1]'8 No primary signal — | -
PCSB[2]_ DSPI B peripheral chip select A (0] VbDEHS MH -/ Up -/ Up — M19 T24
GPIO[97] GPIO G | 10
PCSA[2]_18 No primary signal — | —
SCKD_ DSPI D clock A | VO | Vppews MH —-/Up —-/Up J15 | M21 N26
GPIO[98] GPIO G | 10
PCSA[3] _'8 No primary signal — —
SIND_ DSPI D data input A I VBDEHS MH —/Up —/Up H13 | K19 N24
GPIO[99] GPIO G I/0
PCSA[4]_"8 No primary signal — | —
SOUTD_ DSPI D data output A (6] VbDEHS MH -/ Up -/ Up — N19 u24
GPIO[100] GPIO G | 10
PCSA[5]_18 No primary signal —
PCSB[3]_ DSPI B peripheral chip select A (0] VbDEHS MH -/ Up -/ Up — N21 T26
GPIO[101] GPIO G | 10
SCKB_1® DSPI B clock P | 1O
PCSC[1]_ DSPI C peripheral chip select A o VbpEH10 MH -/ Up -/Up J16 K21 T27
GPIO[102] GPIO G I/0
SINB_'® DSPI B data input P |
PCSC[2]_ DSPI C peripheral chip select A (0] VbDEH10 MH -/ Up -/ Up G15 H22 P28
GPIO[103] GPIO G | 10
souTB_"® DSPI B data output P o
PCSCI[5]_ DSPI C peripheral chip select A O VbpEH10 MH —/Up -/ Up G13 J19 N28
GPIO[104] GPIO G I/0
PCSB[0]_"° DSPI B peripheral chip select P | 10
PCSD[2]_ DSPI D peripheral chip select A (6] VbDEH10 MH -/ Up -/ Up G16 J21 R27
GPIO[105] GPIO G | 10
PCSBI[1]_"° DSPI B peripheral chip select P| O
PCSDI[0]_ DSPI D peripheral chip select A IO VbDEH10 MH -/ Up -/ Up H16 J22 R28
GPIO[106] GPIO G I/0
PCSB[2]_1° DSPI B peripheral chip select P| O
SOUTC_ DSPI C data output A (0] VbDEH10 MH -/ Up -/ Up H15 K22 T28
GPIO[107] GPIO G | 10
PCSB[3]_"° DSPI B peripheral chip select P 0
SINC_ DSPI C data input A I VBDEHS MH —-/Up —/Up | G14 | J20 M27
GPIO[108] GPIO G I/0
PCSB[4]_"° DSPI B peripheral chip select P o)
SCKC_ DSPI C clock A | 110 | Vppews MH —-/Up —-/Up H14 | K20 N27
GPIO[109] GPIO G | 10
PCSBI[5]_"° DSPI B peripheral chip select P 0
PCSCI0]_ DSPI C peripheral chip select A I/0 VbDEHS MH -/ Up -/ Up J13 L19 M26
GPIO[110] GPIO G I/0
MPC5534 Microcontroller Reference Manual, Rev. 2
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Table 2-1. MPC5534 Signal Properties (continued)

iy Status Package
Al | 1O Pad During After 496
; 1 ; ; 208 24
Signal Name Signal Function G |Type | Voltage? | Type® | Reset® | Reset® 3 VertiCal
eQADC
AN[0]_2%° Single-ended analog input P |
V AE /- AN[0]/ - B5 B8 C9
DANO+ Positive terminal differential input DDAt [0]
AN[1]_2%0 Single-ended analog input P I
Ve 9 . . g P s Vppai AE /- AN[1]/ - A6 A8 B8
DANO- Negative terminal differential input
AN[2]_2° Single-ended analog input P I
121 ' 9. . .g' pu. . Vppat AE /- AN[2]/- | D6 D10 G12
DAN1+ Positive terminal differential input
AN[3]_20 Single-ended analog input P I
18] 9 . . g P - Vbpa1 AE /- AN[3]/ - C7 C9 E10
DAN1- Negative terminal differential input
AN[4]_2° Single-ended analog input P I
V AE /- AN[4] /- B6 B9 C10
DAN2+ Positive terminal differential input DDAt [4]
AN[5]_20 Single-ended analog input P I
151 9 . . g P - Vbpa1 AE /- AN[5]/— A7 A9 B9
DAN2— Negative terminal differential input
AN[6]_20 Single-ended analog input P |
V| AE /- AN[6] / — D7 D11 G13
DAN3+ Positive terminal differential input DDAt [6]
AN[7]_20 Single-ended analog input P I
71 9 . . g P - Vbpa1 AE /- AN[7]/ - C8 c10 E11
DAN3- Negative terminal differential input
AN[8]_2° Single-ended analog input P I
[81 9 analoginput Vooar | AE /- | AN/~ | — | ©s5 E7
ANW External multiplexed analog input
AN[9]_20 Single-ended analog input P I
191 9 . g input - Vppai AE /- AN[9]/— | A2 D7 C4
ANX External multiplexed analog input
AN[10]_20 Single-ended analog input P I
1ol 9 analoginput Vooar | AE I/~ | AN[tO]/-| — | Ds E6
ANY External multiplexed analog input
AN[11]_20 Single-ended analog input P I
[t 9 . g input - Vppai AE /- AN[11]/-| A3 A5 B6
ANZ External multiplexed analog input
AN[12]_2! Single-ended analog input MP I
MA[0]_ Mux address A O | Vopeng |MH, A% /- AN[12]/-| A12 | Al6 H15
SDS 22 eQADC serial data strobe G o
AN[13]_2" Single-ended analog input MP I
MA[1]_ Mux address A o] VoDEH9 | MH, A%3 /- AN[13]/-| B12 | B16 G15
SDO 22 eQADC serial data out G o
AN[14]_2" Single-ended analog input MP I
MA[2]_ Mux address A 0 VopeHg | MH, A%3 /- AN[14]/-| C12 | C16 E16
SDI 22 eQADC serial data in G I
AN[15]_2 Single-ended analog input MP I 03
V MH, A /- AN[15]/—| C13 D16 C16
FCK 22 eQADC free running clock G o] DDEH9 [15]
. . AN[16:18] | C6, |B7,C6, | B7, ES,
. . 30 —
AN[16:18] Single-ended analog input P | Vbpa1 AE I/ /_ c4.D5| D9 H12
AN[19:20] Single-ended analog input P I Vppat? AE /- AN[}?:ZO] — |Be6,C7| C7,C8
AN[21] Single-ended analog input P I Vppas P AE /- AN[21]/-| B4 cs E9
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Table 2-1. MPC5534 Signal Properties (continued)
iy Status Package
Al | 1O Pad During After 496
; 1 ; ; 208 24
Signal Name Signal Function G |Type | Voltage? | Type® | Reset® | Reset® 3 VertiCal
Ci1
_ BS, ’ C11,
AN[22:25] Single-ended analog input P I Vppao® AE /- AN[/ZE'ZS] C9, 81;’ B11,
D8, B9 * |H13,E12
C12
AN[26] Single-ended analog input P | VDDA03° AE /- AN[26] / - — B12 Cci12
AN[27:28] Single-ended analog input P I Vppao® AE /- AN[27:28] | A0, | A2, | 515 43
/- B10 A13
AN[29] Single-ended analog input P | VDDA03° AE /- AN[29] / — — D13 E13
D9, C13,
D10, B13, CB;}:’
AN[30:35] Single-ended analog input Pl 1 | Vopao® | AE - | ANBOSST) 2101 B | B,
C5 ’ D14’ E14,
D11 A4 |14 A4
AN[36:39] F4, B4,A4, | C5,B5
AN[36:39] Single-ended analog input P I Vppat AE /- ' E3, s .
/- D6,B5 | B4, C6
B3, D2
VRH Voltage reference high | - VDDINT -/- VRH A8 A10 A9
VRL Voltage reference low | - VssINT -/= VR A9 Al1 A10
REFBYPC Reference bypass capacitor input | P [ - VDDINT -/- REFBYPC | B7 B10 B10
eTPU
TCRCLKA_ eTPU A TCR clock P |
TRQ[7]_ External interrupt request A | VDDEH1 SH -/ Up -/ Up L4 M2 N5
GPIO[113] GPIO G I/0
ETPUA[0:3]_ eTPU A channel P I/0 N3
ETPUA[12:15] eTPU A channels (output only) A o) \Y SH -/ -/ ma, | W3 L4 | M5, G8,
1o put only DDEH! WKPCFG | WKPCFG ' | K3, 12| M3, L3
GPIO[114:117] GPIO G | 10 P2, P1
ETPUA[4]_ eTPU A channel P I/0 / /
ETPUA[16]_ eTPU A channel (output only) A o VDDEH1 MH WKPCEG | WKPCFG N2 L1 L2
GPIO[118] GPIO G I/0
ETPUA[5]_ eTPU A channel P I/0 ; ;
ETPUA[17]_ eTPU A channel (output only) A (0] VDDEH1 MH WKPCFG | WKPCFG M4 K4 H9
GPIO[119] GPIO G | 10
ETPUA[6]_ eTPU A channel P 1’0 / /
ETPUA[18]_ eTPU A channel (output only) A (0] VDDEH1 SH WKPCEG | WKPCEG L3 J3 M2
GPIO[120] GPIO G I/0
ETPUA[7]_ eTPU A channel P 1’0 ; /
ETPUA[19]_ eTPU A channel (output only) A (0] VDDEH1 SH WKPCFEG | WKPCFG K3 K2 K3
GPIO[121] GPIO G | 10
ETPUA[8]_ eTPU A channel P 1’0 / /
ETPUA[20]_ eTPU A channel (output only) A (0] VDDEH1 SH WKPCEG | WKPCEG N1 K1 K2
GPIO[122] GPIO G | 10
ETPUA[9]_ eTPU A channel P 1’0 ; /
ETPUA[21]_ eTPU A channel (output only) A (0] VDDEH1 SH WKPCFEG | WKPCFG M2 J4 G9
GPIO[123] GPIO G | 10
MPC5534 Microcontroller Reference Manual, Rev. 2
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Table 2-1. MPC5534 Signal Properties (continued)

iy Status Package
Al | 1O Pad During After 496
; 1 ; ; 208 24
Signal Name Signal Function G |Type | Voltage? | Type® | Reset® | Reset® 3 VertiCal
ETPUA[10]_ eTPU A channel P 1/0 ; ;
ETPUA[22]_ eTPU A channel (output only) A (0] VDDEH1 SH WKPCFG | WKPCFG M1 H3 L5
GPIO[124] GPIO G 1’0
ETPUA[11]_ eTPU A channel P 1’0 ; /
ETPUA[23]_ eTPU A channel (output only) A (0] VDDEH1 SH WKPCEG | WKPCEG L2 J2 J3
GPIO[125] GPIO G 1’0
ETPUA[12]_ eTPU A channel P 1/0 / ;
PCSB[1]_ DSPI B peripheral chip select A O VbDEH1 MH WKPCFG | WKPCFG L1 J1 J2
GPIO[126] GPIO G 1’0
ETPUA[13]_ eTPU A channel P I/0 ; ,
PCSBI[3]_ DSPI B peripheral chip select A (0] VDDEH1 MH WKPCEG | WKPCEG J4 G4 G10
GPIO[127] GPIO G I/0
ETPUA[14]_ eTPU A channel P I/0 / ;
PCSB[4]_ DSPI B peripheral chip select A (0] VDDEH1 MH WKPCEG | WKPCEG J3 G3 K5
GPIO[128] GPIO G 1’0
ETPUA[15]_ eTPU A channel P I/0 ; ,
PCSB[5]_ DSPI B peripheral chip select A o VbDEH1 MH WKPCEG | WKPCEG K2 H2 H3
GPIO[129] GPIO G 1’0
ETPUA[16]_ eTPU A channel P I/0 ; ;
PCSD[1]_ DSPI D peripheral chip select A (0] VDDEH1 MH WKPCFG | WKPCEG K1 H1 K1
GPIO[130] GPIO G 1’0
ETPUA[17]_ eTPU A channel P I/0 / /
PCSD[2]_ DSPI D peripheral chip select A (0] VDDEH1 MH WKPCEG | WKPCEG H3 F3 H10
GPIO[131] GPIO G 1’0
ETPUA[18]_ eTPU A channel P I/0 ; ;
PCSD[3]_ DSPI D peripheral chip select A (0] VDDEH1 MH WKPCFG | WKPCFG H4 F4 J5
GPIO[132] GPIO G 1’0
ETPUA[19]_ eTPU A channel P I/0 / /
PCSD[4]_ DSPI D peripheral chip select A o VbDEH1 MH WKPCEG | WKPCEG J2 G2 G3
GPIO[133] GPIO G 1’0
ETPUA[20] eTPU A channel P I/0 ; ;
IRQ[8] External interrupt request A | VDDEH1 MH WKPCFG | WKPCEG J1 G1 J1
GPIO[134] GPIO G 1’0
ETPUA[21] eTPU A channel P I/0 / /
IRQ[9] External interrupt request A | VDDEH1 MH WKPCEG | WKPCEG G4 E4 H11
GPIO[135] GPIO G 1’0
ETPUA[22] eTPU A channel P I/0 ; ;
IRQ[10] External interrupt request A | VDDEH1 MH WKPCFG | WKPCFG H2 F2 F3
GPIO[136] GPIO G 1’0
ETPUA[23] eTPU A channel P I/0 / /
IRQ[11] External interrupt request A | VDDEH1 MH WKPCFEG | WKPCFG H1 F1 H2
GPIO[137] GPIO G 1’0
MPC5534 Microcontroller Reference Manual, Rev. 2
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Table 2-1. MPC5534 Signal Properties (continued)
iy Status Package
Al | 1O Pad During After 496
; 1 ; ; 208 24
Signal Name Signal Function G |Type | Voltage? | Type® | Reset® | Reset® 3 VertiCal
ETPUA[24:26] eTPU A channel (output only) P O
TRQ[12:14] External Interrupt Request A I Y SH -/ -/ G1, |EB1E3 | G2 H5,
A ptiHeq DDEH! WKPCFG | WKPCFG |G3,F3| D3 G5
GPIO[138:140] GPIO G 1’0
ETPUA[27]_ eTPU A channel (output only) P O / /
1RQ[15]_ External Interrupt Request A I VDDEH1 SH WKI;CFG WKI;CFG G2 E2 E3
GPIO[141] GPIO G | 10
ETPUA[28]_ eTPU A channel (output only) P (0] / ;
PCSC[1]_ DSPI C peripheral chip select A O VbDEH1 MH WKPCEG | WKPCEG F1 D1 F1
GPIO[142] GPIO G | 10
ETPUA[29]_ eTPU A channel (output only) P O / /
PCSCI[2]_ DSPI C peripheral chip select A (0] VDDEH1 MH WKPCEG | WKPCEG F2 D2 F2
GPIO[143] GPIO G | 10
ETPUA[30]_ eTPU A channel P I/0 / ;
PCSCI[3]_ DSPI C peripheral chip select A (0] VDDEH1 MH WKPCEG | WKPCEG E1 C1 E1
GPIO[144] GPIO G | 10
ETPUA[31]_ eTPU A channel P I/0 / /
PCSC[4]_ DSPI C peripheral chip select A o VbDEH1 MH WKPCEG | WKPCEG E2 c2 E2
GPIO[145] GPIO G I/0
eMIOS
EMIOS[0:2]_ eMIOS channel P 1’0 / / T4 AB10, | AD16,
ETPUA[0:2]_ eTPU A channel (output only) A (0] VDDEH4 SH WKPCFG | WKPCEG | T5, N7 AB11, AD21,
GPIO[179:181] GPIO G | 1o W12 P21
EMIOS[3:5]_ eMIOS channel P I/0 / / R6 AA1A, R22,
ETPUA[3:5]_ eTPU A channel (output only) A (0] VDDEH4 SH WKPCFG | WKPCFG | R5, T6 AB12, | AD18,
GPIO[182:184] GPIO G | 10 AA12 | AD22
EMIOS[6:7]_ eMIOS channel P I/0 / / V12 poo
ETPUA[6:7]_ eTPU A channel (output only) A (0] VDDEH4 SH WKPCFG | WKPCFG P7, T7 AB13 AD19
GPIO[185:186] GPIO G I/0
EMIOS[8:9]_ eMIOS channel P I/0
ETPUA[8:9] eTPU A channel (output only) A o \Y SH -/ -/ pg, R7| V13, N21,
Pl put only DDEH4 WKPCFG | WKPCFG | > ""| AA13 | AD23
GPIO[187:188] GPIO G | 10
EMIOS[10:11]_ eMIOS channel P I/0
PCSD[3:4] DSPI D peripheral chip select A /o | V, SH -/ -/ Ng,Rg| V13 N22,
e perip P DDEH4 WKPCFG | WKPCFG || AB14 | AG18
GPIO[189:190] GPIO G I/0
EMIOS[12]_ eMIOS channel (output only) P (0] / ;
SOUTC_ DSPI C data output A O | Vppews MH | wkpcra | wiperg | V1O | W15 M21
GPIO[191] GPIO G I/0
EMIOS[13]_ eMIOS channel (output only) P O / /
SOUTD_ DSPI D data output A O | Vopens MH | kPG | wkpcrg | T8 | AA14 | AF18
GPIO[192] GPIO G I/0
EMIOS[14]_ eMIOS channel (output only) P (0] ; /
IRQ[0]_ External interrupt request A | VDDEH4 SH WKPCEG | WKPCEG R9 AB15 AH19
GPIO[193] GPIO G I/0
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Table 2-1. MPC5534 Signal Properties (continued)

iy Status Package
Al | 1O Pad During After 496
; 1 ; ; 208 24
Signal Name Signal Function G |Type | Voltage? | Type® | Reset® | Reset® 3 VertiCal
EMIOS[15]_ eMIOS channel (output only) P (6] ; ;
IRQ[1]_ External interrupt request A | VbDEH4 SH WKPCEG | WKPCEG T9 Y14 M22
GPIO[194] GPIO G | 110
EMIOS[16]_ eMIOS channel P /0 v SH -/ -/ Pg AA15 AG19
GPIO[195] GPIO G o DDEH4 WKPCFG | WKPCFG
EMIOS[17]_ eMIOS channel P I/0 -/ -/
GPIO[196] GPIO 5 o VbDEH4 SH | wkpcra | wkpcrs | P10 | Y15 AF19
EMIOS[18]_ eMIOS channel P I/0 v SH -/ -/ T10 | AB16 AH20
GPIO[197] GPIO G| o DDEH4 WKPCFG | WKPCFG
EMIOS[19]_ eMIOS channel P I/0 -/ -/
GPIO[188] GPIO 5 o VbDEH4 SH | wkpcFG | wkpcEg | R10 | AAT6 | AG20
EMIOS[20]_ eMIOS channel P I/0 v SH -/ -/ T11 AB17 AG21
GPIO[199] GPIO G | 10 DDEH4 WKPCFG | WKPCFG
EMIOS[21]_ eMIOS channel P /0 -/ -/
GPIO[200] GPIO G | vo | VooEms SH | wkecra | wkpcrg | N1 | W16 L21
EMIOS[22]_ eMIOS channel P I/0 -/ -/
GPIO[201] GPIO G | wo | Vooewe | SH 1 wkpcra | wkpora | P11 | Y16 | AR
EMIOS[23]_ eMIOS channel P I/0 v SH -/ -/ R11 AA17 AF21
GPIO[202] GPIO G | 10 DDEH4 WKPCFG | WKPCFG
GPIO
EMIOS[14:15]_ eMIOS channel (output only) P O H20
V SH -/U -/U — © | J26, H27
GPIO[203:204]24 GPIO G | vo | VDDEHE P P H21
AAT, AH10
GPI0[206:207]%° GPIO G I/0 VDbDES3 F —-/Up -/Up |R4,P5| Y9 AG10
Clock Synthesizer
XTAL Crystal oscillator output 0 VDDSYN AE O/— |XTAL?®/—| P16 | V22 AD28
EXTAL Crystal illator input P 28
~ rystal osciiator inpu Dol Vppsyn | AE 1= | BXTALT L Nie | w22 | Aces
EXTCLK External clock input A | -
CLKOUT/ | CLKOUT/
CLKOUT System clock output P (0] VbpESs F Enabled Enabled — AA20 AF25
. . ENGCLK/ | ENGCLK/
ENGCLK Engineering clock output P O VbDpEs F Enabled Enabled T14 | AB21 AG26
Power / Ground
VReas?® Voltage regulator control supply P [ 3.3V | Voot /- VRecas P15 | wa1 AD26
VReeTL Voltage regulator control output P O 3.3V VoDINT Oo/- VReeTL N14 V20 AC26
VRevss Voltage regulator control ground P I — Vsse I/- VReovss — T21 Va7
Vbpao® Analog power input ADC[0] P I 50V | VpoinT I/ - Vbpao B11 | C15 E15
Vsgao® Analog ground input ADC[0] P [ — VssINT 1/ - Vssao | A1 /31155’ A15,B15
VpparZ° Analog power input ADC[1] I 50V | Vppoint /- Vbpa1 A4 A6 A5
Vggar® Analog ground input ADC[1] [ — VssINT /- Vssaf A5 A7 A6
MPC5534 Microcontroller Reference Manual, Rev. 2
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Table 2-1. MPC5534 Signal Properties (continued)
iy Status Package
Al | 1O Pad During After 496
; 1 ; ; 208 24
Signal Name Signal Function G |Type | Voltage? | Type® | Reset® | Reset® 3 VertiCal
VbpsyN Clock synthesizer power input P I 33V Vbpe /- VbpsyN R16 w22 AD27
Vsssyn Clock synthesizer ground input P | — Vsse /- Vsssyn M16 T22 AC27
VFLASH Flash read supply input P | 3.3V VDDlNT /- VFLASH —_— N22 wa7
Vpp®! Flash program/erase supply input | P I 50V | VpopinT /- Vpp K16 | M22 w28
Vgray2 SRAM standby power input P I |08-12V | Vgrgy /- VsTay C1 A3 B3
B25, C2,
A2, D3, D27,
B1 A20,
’ F5, H7,
C2 B3, C4,
’ Jg, Ya1,
D3 C22,
’ D5 AA9,
Ed, © | AA22,
B16, | V19, ABS
Vob Internal logic supply input P 1.5V Vpp /- Vbp P13, W5, ACZi
R14 W20, ’
’ ADBG,
T15, Y4,
AE26,
N5 Ya1,
’ AF4,
P4, | AAS | apo7
R3,T2| AA22, | g3
AB2
M9:10,
N11,
P11,
R3, M11,
W2, | N11:13,
. W6 P11:13
33 - _ _ ) )
VppE2 External I/O supply input P 1.8-3.3V I/ VppE2 P6 W8, R1, V5.
Y5, AA5,
AA4, AC1
AAG,
AA10,
AB3
T14,
u13:14,
Vi2:14,
Vppes™? External I/O supply input P 1.8-33V | — /- VpbpEs — — AD9,
AD14,
AHB,
AH14
\\I(V:g ’ AF23,
VbpEs External I/O supply input P 1.8-3.3V — /- VbpEs T13 AA1E; AG24,
AB20, AH24
C27,
B22, D26,
C21 F24,
D20, | H22:921,
VppE7 External I/O supply input P 1.8-33V — /- VppE7 E13 E1 9’ L15:18,
F19, M11,
J14 M18,
N11:13,
N18
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Table 2-1. MPC5534 Signal Properties (continued)

Signal Name

1

Signal Function

P/
A/
G

/0
Type

Voltage?

Pad
Type®

Status

Package

During
Reset®

After
Reset®

208

324

496%
VertiCal

VbbE12

External I/O supply input —
calibration

1.8-3.3V

VbpE12

K7, N8,
R11:13,
R17:18,
R21,
T11:12,
T15,T18,
U2, U1,
U15:16,
V15:17,
V22,
AA13,
AA16,
AB18,
AB21,
AE2,
AG4,
AG12

VDDEH1

External I/O supply input

3.3-5.0V

/-

VDDEH

K4

H4

G11,J7

VbpEH4

External I/O supply input

3.3-5.0V

/-

VDDEH

N9

W14

AD20

VbpEHe

External I/O supply input

3.3-5.0V

/-

VDbDpEH

F13

u19

V26

VbDEHs

External I/O supply input

3.3-5.0V

/-

VbDEH

c21

34
VbpEHY

External I/O supply input

3.3-5.0V

/-

VDbDpEH

D12

D15

H14

VbpEH10

External I/O supply input

T|TV|TV|(T|T|T

3.3-5.0V

/-

VbDEH

H19

K24

35
Vppa3s

1/0 pad pre-driver and level shifter
reference voltage input

33V

33V

A15,
D1,
N6,
N12

B1,
A21,
P4,
Y22,
W7

B26, D2,
W5,
AE27,
AF9
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Table 2-1. MPC5534 Signal Properties (continued)
iy Status Package
Al | 1O Pad During After 496
; 1 ; ; 208 24
Signal Name Signal Function G |Type | Voltage? | Type® | Reset® | Reset® 3 VertiCal
A1, A2,
A27,
A1, | A28,B1,
A22, | B2,B27,
B2, B28, C3,
A, B21, | C26,E5,
B2, C3, | E24,G7,
C3, | C20, | G22,H8,
D4, D4, H21,
D13, D19, L11:14,
C14, | J9:13, | M12:17,
B15, | K9:14, | N14:17,
A16, | L9:14, | P14:17,
N13, | M11:1 | R14:16,
P14, | 4 N9: | T13
Vss MCU ground P — - - - Vss R15, 10, T16:17,
T16, | N12:1 Uiz,
N4, 4, U17:18,
P3, P9:10, | v7,Vv18,
R2, P12:1 AAS8,
T, 4, W4, AA21,
G7:10, | W19, AB7,
H7:10,| V3, AB22,
J7:10, | Y20, AD5,
K7:10 | AA2, AF3,
AA21, | AF26,
AB1, AG1:2,
AB22 | AG27:28
AH1:2,
AH27:28
No Connect
A19,
B17:19,
C17:19,
E17:23,
G16:21,
H16:20,
J22,
J27:28,
36 W18,
NC No connect — — — — — — — K21:22,
Y19
K26:28,
L22,
L24,
L26:27,
M24,P2,
R2,
AA12,
AG17

1

Because more than one signal is often multiplexed to one pin, each row in the signal name column is a separate function. For all device 1/O pins, the
primary, alternate, or GPIO signal functions are designated in the PA field of the system integration unit (SIU) PCR registers except where explicitly noted.
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2 VppE (fast 1/0) and Vppey (slow 1/0) power supply inputs are grouped into segments. Each segment of Vppgy pins connects to a separate
3.3-5.0 V (+56% and —10%) power supply input. Each segment of Vppg pins connects to a separate 1.8-3.3 V (+10%) power supply, with the exception
of the Vppgs and Vppes segments that are shorted together and must use the same power supply input. This segment is labeled Vppg» in the BGA map.

3 The pad type is indicated by one of the abbreviations; F for fast, MH for medium (high voltage), SH for slow (high voltage), A for analog, AE for analog
with ESD protection circuitry. Some pads have two types, depending on which pad function is selected.

4 The 496 assembly contains the VertiCal base that includes all pins in the 324 and 208 packages.

5 The Status During Reset pin is sampled after the internal POR is deasserted. Prior to exiting POR, the signal has a high impedance.
Terminology is O - output, | - input, Up - weak pullup enabled, Down - weak pulldown enabled, Low - output driven low, High - output driven high. A dash
on the left side of the slash denotes that both the input and output buffers for the pin are off. A dash on the right side of the slash denotes that there is no
weak pullup/down enabled on the pin. The signal name to the left or right of the slash indicates the pin is enabled.

6 Function after reset of GPI is general purpose input. A dash on the left side of the slash denotes that both the input and output buffers for the pin are off.
A dash on the right side of the slash denotes that there is no weak pullup/down enabled on the pin.

7

The BOOTCFG[0] and RSTCFG pin are not available in the 208 package and are internally asserted (driven to 0) in the package.

8 The EBI is specified and tested at 1.8-3.3 V.

When using the EBI functions, select the function in the SIU_PCR register, and then enable the EBI functions in the EBI registers for these pins. Both the

SIU and EBI configurations must match to operate correctly.

The function and state of this pin(s) after execution of the BAM program is determined by the BOOTCFG[0:1] pins. See for detail on the External Bus

Interface (EBI) configuration after execution of the BAM program. BOOTCFGI0] is not available on the 208 package and is internally asserted (driven to 0).

11 €S[1:3], ADDR[12:31], RD_WR, BDIP, TS, TA, BR, and BG signals are not available on the 208 package due to pin limitations.

12 The functions for the WE/BE[0:1]_GPIO[64:65] and CAL_WE/BE[0:1] pins are specified in the SIU. To configure the EBI, the write enable or byte enable
operation is specified in the EBI_BRO through EBI_BR3 registers.To configure the calibration bus, the write enable or byte enable operation is specified
in the EBI_CAL_BRO through EBI_CAL_BR3 registers for each chip select region. WE/BE[0:1] are not available on the 208 package due to pin limitations.

13 These signals are available on the VertiCal assembly only.

14 MCKO is only enabled if debug mode is enabled. Debug mode can be enabled before or after exiting System Reset (RSTOUT deasserted).

5 MDOJ0] is driven high following a power-on reset until the system clock achieves lock, at which time it is then deasserted. There is an internal pullup on
MDO[0].

16 The function of the MDOJ[11:4]_GPIO[82:75] pins is selected during a debug port reset by the EVTI pin or by selecting FPM in the NPC_PCR. When
functioning as MDO[11:4] the pad configuration specified by the SIU does not apply. See 2.3.4.4 for more detail on MDO[11:4] pin operation.

7 The function and state of the FlexCAN A pins after execution of the BAM program is determined by the BOOTCFG[0:1] pins. See Table 15-9 for details
on the FlexCAN pin configurations after the BAM executes. BOOTCFGI0] is not available on the 208 package and is internally asserted
(driven to 0).

8 The primary signal is not available on this device and is listed only for reference to the pin label in the BGA Map.

19 For compatibility to the MPC5554, always power Vppgene @and Vppen1g from the same power supply 3.0-5.25 V. To allow one DSPI to operate at a different
operating voltage, connect Vppepg and Vppen1g to separate power supplies, but this configuration is not compatible with the MPC5554,

20 Al analog input channels are connected to both ADC blocks. The supply designation for this pin(s) specifies only the ESD rail used.

21 Because the primary signal function designations for the analog functions AN[12] through AN[15] are internally reserved, the PA field of the corresponding
SIU_PCR registers must be set to the main primary function value of 0b011 to use analog functions AN[12] through AN[15].

22 Tp use the serial data strobe functions, the PA field in the SIU_PCR registers must be set to 0b00. Because SDS, SDO, SDI, and FCK use the GPIO
setting, a G is shown in the P/A/G column. However, these signals do not support GPIO functionality.

23 |f analog features are used, tie Vppgpe 10 Vppar-

24 Because other balls on this device are labeled EMIOS[14:15], the balls for these signals are referred to as GP10[203:204]. These pins are not available
on the 208 package.

25 The GPIO[206:207] pins are protect-for-pins for double data rate (DDR) memory data strobes. These pins can be selected as the source for the eQADC
trigger in the eQADC Trigger Input Select Register (SIU_ETISR). These pins are not available on the 208 package.

26 The Function After Reset of the XTAL pin is determined by the value of the signal on the PLLCFG[1] pin. Ground the XTAL pin when using bypass mode.

27 When the FMPLL is configured for external reference mode, the Vppes supply affects the acceptable signal levels for the external reference. See
Section 11.1.4.2, “External Reference Mode”

28 The function after reset of the EXTAL_EXTCLK pin is determined by the value of the signal on the PLLCFG[1] pin. The operating voltage for the EXTAL
function is 3.3 V; the operating voltage for the EXTCLK function is 1.62-3.6 V.

29 Vreas is the 3.3 V input for the voltage regulator control.

30 The Vppan and Vggan, supply inputs are split into separate traces in the package substrate. Each trace is bonded to a separate pad location, which
provides isolation between the analog and digital sections within each ADC.

31 Can be tied to 5.0 V for both read operation and program / erase.

32 Tie the Vgrgy pin to Vggpg if the battery backed SRAM is not used.

3% Both Vppes and Vppes pins are labeled as Vppg, pins on the BGA maps. Vppgs are connected internally Vppgo.

34 The VbpEeHg Segment can be powered by 3.0-5.0 V for mux addresses or SSI functions, however the Vppgpg segment must comply with the Vppaq
specifications (4.5-5.25 V) for analog input functions.

35 Al pins with pad type F (pad_fc) are driven to the high state if their Vppg segment is powered before Vppas.

36 The pins are reserved for the clock and inverted clock outputs for the DDR memory interface.
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2.3 Detailed Signal Description

Descriptions of the signals for the device are provided in the following sections. See Table 2-1 for signal
properties.

2.3.1 Reset and Configuration Signals

2311 External Reset Input
RESET

Assert the RESET signal as an active low input from an external device during a power-on reset or external
reset to reset all device modules. See Section 4.2.1, “Reset Input (RESET).”

23.1.2 External Reset Output
RSTOUT

The RSTOUT output is a push/pull output that is asserted during an internal device reset. You can assert
RSTOUT via software without causing an internal reset to the device MCU. See Section 4.2.2, “Reset
Output (RSTOUT).”

NOTE
During a power-on-reset (POR), RSTOUT is tri-stated.

23.1.3  FMPLL Mode Selection / External Interrupt Request / GPIO
PLLCFG[0]_IRQ[4] _GPIO[208]

PLLCFG[0]_IRQ[4]_GPI0[208] are sampled on the deassertion of the RESET input pin, if the RSTCFG
pin is asserted at that time. The values are used to configure the FMPLL mode of operation. The alternate
function is external interrupt request input.

23.1.4  FMPLL Mode Selection / External Interrupt Request / DSPI D / GPIO
PLLCFG[1]_IRQ[5]_SOUTD_GPIO[209]

PLLCFG[1]_IRQ[5]_SOUTD_GPIO[209] are sampled on the deassertion of the RESET input pin, if the
RSTCFG pin is asserted at that time. The values are used to configure the FMPLL mode of operation. The
alternate functions are external interrupt request input, and data output for the DSPI module D.

2.3.1.5 Reset Configuration Input / GPIO
RSTCFG_GPIO[210]

The RSTCFG input is used to enable the BOOTCFG[0:1] and PLLCFG[0:1] pins during reset. If RSTCFG
is deasserted during reset, the BOOTCFG and PLLCFG pins are not sampled at the deassertion of
RSTOUT. In that case, the default values for BOOTCFG and PLLCFG are used. If RSTCFG is asserted
during reset, the values on the BOOTCFG and PLLCFG pins are sampled and configure the boot and
FMPLL modes.

MPC5534 Microcontroller Reference Manual, Rev. 2
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208 Package: RSTCFG_GPIO[210] is not available due to pin limitations. The BOOTCFG[0] and
the RSTCFG signals are internally asserted (driven to 0).

23.1.6  Reset Configuration / External Interrupt Request / GPIO
BOOTCFG[0:1]_IRQ[2:3]_GPIO[211:212]

The BOOTCFG[0:1]_IRQ[2:3]_GPI0[211:212] are sampled when RSTOUT deasserts, if the RSTCFG
pin is asserted at that time. The BOOTCFG[0:1] values are used by the BAM program to determine the
boot configuration of the device. Use the alternate function for external interrupt request inputs.

208 Package: BOOTCFG[0]_IRQ[2]_GPIO[211] and RSTCFG_GPIO[210] are not available due to
pin limitations, and are internally asserted.

2.3.1.7 Weak Pull Configuration / GPIO
WKPCFG_GPIO[213]

WKPCFG_GPIO[213] determines whether specific eTPU and eMIOS pins are connected to a weak pullup
or weak pulldown during and immediately after reset.

2.3.2 External Bus Interface (EBI)
This package has a 16-pin data bus [0:15] on the EBI.

208 Package:  This package does not have EBI pins, therefore the external bus signals are not
available except for the chip select 0 (CS[0]) and the output enable (OE) pins.

23.21  External Chip Selects / External Address / GPIO
CS[0]_ADDR[8]_GPIO[0]

CS[0]_ADDR[8]_GPIO[0] is the external bus interface (EBI) chip select output signal. The alternate
function is an EBI address signal.

23.2.2  External Chip Selects / External Address / GPIO
CS[1:3]_ADDRJ[9:11]_GPIO[1:3]

CS[1:3]_ADDRJ[9:11]_GPIO[1:3] are the external bus interface (EBI) chip select output signals. The
alternate functions are EBI address signals. They can be individually configured as chip selects, address
signals or GPIO.

208 Package: The CS[1:3] ADDRJ[9:11]_GPIO[1:3] are not available due to pin limitations.

2.3.2.3 External Address / GPIO
ADDR[12:31]_GPIO[8:27]

ADDRJ[12:31]_GPI10[8:27] are the EBI address signals.
208 Package: The ADDRJ[12:31]_GPIO[8:27] are not available due to pin limitations.
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2.3.2.4 External Data / GPIO
DATA[0:15]_GPI0[28:43]

DATAJ0:15]_GPIO[28:43] are the EBI data signals.
208 Package: DATA[0:15]_GPI0O[28:43] are not available due to pin limitations.

23.2.5 External Read/Write / GPIO
RD_WR_GPIO[62]

RD_WR_GPIO[62] indicates whether an external bus transfer is a read or write operation.
208 Package: The RD_WR_GPIO[62] is not available due to pin limitations.

2.3.2.6 External Burst Data In Progress / GPIO
BDIP_GPIO[63]

BDIP_GPIO[63] indicates that an EBI burst transfer is in progress.
208 Package: The BDIP_GPIO[63] signal is not available due to pin limitations.

23.2.7  External Write/Byte Enable / GPIO
WE/BE[0:1]_GPIO[64:65]

WE/BE[0:1]_GPI0[64:65] specify which data pins contain valid data for an external bus transfer.
208 Package: The WE/BE[0:1]_GPIO[64:65] are not available due to pin limitations.

23.2.8  External Output Enable / GPIO
OE_GPIO[68]

OE_GPIO[68] indicates that the EBI is ready to accept read data.

23.29  External Transfer Start/ GPIO
TS_GPIO[69]

TS_GPIO[69] is asserted by the EBI owner to indicate the start of a transfer.
208 Package: The TS_GPIO[69] is not available due to pin limitations.

23.2.10 External Transfer Acknowledge
TA_GPIO[70]

TA_GPIO[70] is asserted by the EBI owner to acknowledge that the slave has completed the current
transfer.

208 Package: The TA_GPIO[70] is not available due to pin limitations.
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2.3.3 Calibration Bus Interface (CBI)

NOTE

Calibration bus signals for the 324 package require the 496 \ertiCal
assembly. In the 208 package, the calibration signals are not available due
to pin limitations.

2.3.3.1  Calibration Chip Select
CAL_CSJ0]

CAL_CSJ0] is the calibration chip select output signal. The 496 VertiCal assembly is required to use the
calibration bus signals.

208 Package: The CAL_CS[0] signal is not available due to pin limitations.

23.3.2  Calibration Chip Selects / Calibration Address
CAL_CS[2:3] CAL_ADDR[10:11]

CAL_CSJ[2:3]_CAL_ADDRJ[10:11] are the calibration chip select output signals. The alternate functions
are calibration address signals.

208 Package: The CAL_CS[2:3] signals are not available due to pin limitations.

2.3.3.3 Calibration Address
CAL_ADDR[12:30]

CAL_ADDR][12:30] are the calibration address signals. The 496 VertiCal assembly is required to use the
calibration bus signals.

208 Package: The CAL_ADDR][12:30] signals are not available due to pin limitations.

2.3.3.4 Calibration Data
CAL_DATA[0:15]

The CAL_DATA[0:15] are the calibration data signals. The 496 VertiCal assembly is required to use the
calibration bus signals.

208 Package: CAL_DATA[0:15] are not available due to pin limitations.
2.3.3.5 Calibration Read/Write
CAL_RD_WR

CAL_RD_WR indicates whether a calibration bus transfer is a read or write operation. The 496 VertiCal
assembly is required to use the calibration bus signals.

208 Package: The CAL_RD_WR is not available due to pin limitations.
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2.3.3.6  Calibration Write / Byte Enable
CAL_WE/BE[0:1]

CAL_WE/BE[0:1] specify which data pins contain valid data for a calibration bus transfer. The 496
VertiCal assembly is required to use the calibration bus signals.

208 Package: The CAL_WE/BE[0:1] signals are not available due to pin limitations.

2.3.3.7  Calibration Output Enable
CAL_OE

CAL_OE indicates that the calibration interface is ready to accept read data. The 496 VertiCal assembly
IS required to use the calibration bus signals.

208 Package: The CAL_OE signal is not available due to pin limitations.

2.3.3.8  Calibration Transfer Start
CAL_TS

CAL_TS is asserted by the device to indicate the start of a transfer. The 496 VertiCal assembly is required
to use the calibration bus signals.

208 Package: The CAL_TS signal is not available due to pin limitations.

2.3.4 Nexus Controller
2.34.1 Nexus Event In

EVTI

EVTl is an input that is read when TRST asserts to enable or disable the Nexus debug port. After reset, the
EVTI pin is used to initiate program and data trace synchronization messages or generate a breakpoint.

2.3.4.2 Nexus Event Out
EVTO

EVTO is an output that provides timing to a development tool for a single watchpoint or breakpoint
occurrence.
2343 Nexus Message Clock Out

MCKO

MCKO is a free running clock output to the development tools which is used for timing of the MDO and
MSEO signals.
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2.3.4.4 Nexus Message Data Out
MDO[3:0]

MDOQO[3:0] are the trace message outputs to the development tools.

In addition to being a trace output, MDOIJO0] indicates the lock status of the system clock following a
power-on reset. MDO[0] is driven high following a power-on reset until the system clock achieves lock,
at which time it is then deasserted. There is an internal pullup on MDO[0].

2345 Nexus Message Data Out / GPIO
MDOI[4:11]_GPIO[82:75]

MDOJ11:4]_GPI0[82:75] are the trace message outputs to the development tools for full port mode. These
pins function as GP1O when the Nexus port controller (NPC) operates in reduced port mode.

208 Package: MDO[11:4]_GPIO[82:75] signals are not available due to pin limitations.

2.3.4.6 Nexus Message Start/End Out

MSEOI[1:0]
MSEOI[1:0] are outputs that indicate when messages start and end on the MDO pins.
2347 Nexus Ready Output

RDY

RDY is an output that indicates to the development tools the data is ready to be read from or written to the
Nexus read/write access registers.

208 Package: The RDY is not available due to pin limitations.

23.5 JTAG

2.3.5.1 JTAG Test Clock Input
TCK

TCK provides the clock input for the on-chip test logic.

2.3.5.2 JTAG Test Data Input
TDI

TDI provides the serial test instruction and data input for the on-chip test logic.

2.35.3 JTAG Test Data Output
TDO

TDO provides the serial test data output for the on-chip test logic.
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2.3.5.4 JTAG Test Mode Select Input
TMS

TMS controls test mode operations for the on-chip test logic.

2.3.5.5 JTAG Compliance Input

JCOMP
The JCOMP pin is used to enable the JTAG TAP controller.
2.3.5.6 Test Mode Enable Input

TEST

The TEST pin is used to place the chip in test mode. Deassert this signal for normal operation.

2.3.6 Flexible Controller Area Network (FlexCAN)

2.3.6.1 FlexCAN A Transmit / GPIO
CNTXA_GPIO[83]

CNTXA_GPIO[83] is the transmit pin for the FlexCAN A module.

2.3.6.2 FlexCAN A Receive / GPIO
CNRXA_GPIO[84]

CNRXA_GPIO[84] is the receive pin for the FlexCAN A module.

2.3.6.3 FlexCAN B Transmit / DSPI C Chip Select / GPIO
CNTXB_PCSCJ[3]_GPIO[85]

The primary function, CNTXB, is not available on this device. PCSC[3]_GPIO[85] is the alternate
function and is a peripheral chip select output for the DSPI C module.

23.6.4 FlexCAN B Receive / DSPI C Chip Select / GPIO
CNRXB_PCSC[4]_GPIO[86]

The primary function, CNRXB, is not available on this device. PCSC[4] _GPIO[86] is the alternate
function and is a peripheral chip select output for the DSPI C module.

2.3.6.5 FlexCAN C Transmit / DSPI D Chip Select / GPIO
CNTXC_PCSD|[3]_GPIO[87]

CNTXC_PCSD[3]_GPIO[87] is the transmit pin for the FlexCAN C module. The alternate function is a
peripheral chip select for the DSPI D module.
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2.3.6.6 FlexCAN C Receive / DSPI D Chip Select / GPIO
CNRXC_PCSDI[4] _GPIO[88]

CNRXC_PCSD[4]_GPI0[88] is the receive pin for the FlexCAN C module. The alternate function is a
peripheral chip select for the DSPI D module.

2.3.7 Enhanced Serial Communications Interface (eSCI)

2.3.7.1 eSCI A Transmit / GPIO
TXDA_GPIO[89]

TXDA_GPIO[89] is the transmit pin for the eSCI A module.

2.3.7.2 eSCI A Receive / GPIO
RXDA_GPIO[90]

RXDA_GPIO[90] is the receive pin for the eSCI A module. The pin is an input only for the RXD function,
but as GPIO the pin is input or output based on the SIU PCR configuration.

2.3.7.3 eSCI B Transmit / DSPI D Chip Select / GPIO
TXDB_PCSD[1]_GPIO[91]

TXDB_PCSD[1]_GPIO[91] is the transmit pin for the eSCI B module. The alternate function is a
peripheral chip select output for the DSPI D module.

23.7.4 eSCI B Receive / DSPI D Chip Select / GPIO
RXDB_PCSDI[5]_GPIO[92]

RXDB_PCSD[5]_GPIO[92] is the transmit pin for the eSCI B module. The alternate function is a
peripheral chip select for the DSPI D module.

2.3.8 Deserial/Serial Peripheral Interface (DSPI)

2.3.8.1 DSPI A Clock / DSPI C / GPIO
SCKA_PCSC[1]_GPIO[93]

The primary function, SCKA, is not available on this device. PCSC[1]_GPIO[93] is the peripheral chip
select output pin for the DSPI C module.
2.3.8.2 DSPI A Input / DSPI C / GPIO

SINA_PCSC[2]_GPIO[94]

The primary function, SINA, is not available on this device. PCSC[2]_GPIO[94] is the peripheral chip
select output pin for the DSPI C module.
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2.3.8.3 DSPI A Output / DSPI C/ GPIO
SOUTA_PCSCI[5] _GPIO[95]

The primary function, SOUTA, is not available on this device. PCSC[5]_GPIO[95] is the peripheral chip
select output pin for the DSPI C module.

2.3.8.4 DSPI A/DSPID/GPIO
PCSA[0]_PCSDI[2]_GPIO[96]

The primary function, PCSA[0], is not available on this device. PCSD[2]_GPI10[96] are peripheral chip
select output pins for the peripheral chip select output pin for the DSPI D module.

208 Package: The PCSA[0]_PCSD[2]_GPIO[96] pin is not available due to pin limitations.

2.3.8.5 DSPI A/ DSPI B/ GPIO
PCSA[1]_PCSB[2] _GPIO[97]

The primary function, PCSA[1], is not available on this device. PCSB[2]_GPIO[97] are peripheral chip
select output pins for the DSPI B module.

208 Package: The PCSA[1]_PCSB[2]_GPIO[97] pin is not available due to pin limitations.

2.3.8.6 DSPI A/ DSPI D Clock / GPIO
PCSA[2]_SCKD_GPIO[98]

The primary function, PCSA[2], is not available on this device. SCKD_GPI0O[98] is a peripheral chip
select output pin for the DSPI D module.

2.3.8.7 DSPI A/DSPI D Data Input / GPIO
PCSA[3]_SIND_GPIO[99]

The primary function, PCSA[3], is not available on this device. SIND_GPIO[99] is a peripheral chip select
output pin for the DSPI1 D module.

2.3.8.8 DSPI A/ DSPI D Data Output / GPIO
PCSA[4]_SOUTD_GPIO[100]

The primary function, PCSA[4], is not available on this device. SOUTD_GPIO[100] is the alternate
function is the data output for the DSPI D module.

208 Package: The PCSA[4]_SOUTD_GPIO[100] pin is not available due to pin limitations.
2.3.8.9 DSPI A/ DSPI B/ GPIO
PCSA[5]_PCSB[3]_GPIO[101]

The primary function, PCSA[5], is not available on this device. PCSB[3] is the alternate function and is a
peripheral chip select output pin for the DSPI B module. The GP10[101] signal is the general purpose
input/output function
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208 Package: The PCSA[5]_PCSB[3]_GPIO[101] pin is not available due to pin limitations.

2.3.8.10 DSPI B Clock / DSPI C Chip Select / GPIO
SCKB_PCSC[1] _GPIO[102]

SCKB_PCSC[1]_GPIO[102] is the SPI clock pin for the DSPI B module. The alternate function is a chip
select output for the DSPI C module.

2.3.8.11 DSPI B Data Input / DSPI C Chip Select / GPIO
SINB_PCSC[2]_GPIO[103]

SINB_PCSCJ[2]_GPIO[103] is the data input pin for the DSPI B module. The alternate function is a chip
select output for the DSPI C module.

2.3.8.12 DSPI B Data Output / DSPI C Chip Select / GPIO
SOUTB_PCSC[5]_GPIO[104]

SOUTB_PCSCI[5]_GPIO[104] is the data output pin for the DSPI B module. The alternate function is a
chip select output for the DSPI C module.

2.3.8.13 DSPI B Chip Select / DSPI D Chip Select / GPIO
PCSB[0]_PCSD[2] _GPIO[105]

PCSB[0]_PCSDI[2]_GPIO[105] is a peripheral chip select output pin (slave select input pin for slave
operation) for the DSPI B module. The alternate function is a chip select output for the DSPI D module.

2.3.8.14 DSPI B Chip Select / DSPI D Chip Select / GPIO
PCSB[1] _PCSD[0]_GPIO[106]

PCSBJ[1] _PCSDI[0]_GPIO[106] is a peripheral chip select output pin for the DSPI1 B module. The alternate
function is a chip select output (slave select input pin for slave operation) for the DSPI D module.

2.3.8.15 DSPI B Chip Select / DSPI C Data Output / GPIO
PCSB[2]_SOUTC_GPIO[107]

PCSB[2]_SOUTC_GPIO[107] is a peripheral chip select output pin for the DSPI B module. The alternate
function is the data output for the DSPI C module.

2.3.8.16 DSPI B Chip Select / DSPI C Data Input / GPIO
PCSB[3]_SINC_GPIO[108]

PCSBJ[3]_SINC_GPIO[108] is a peripheral chip select output pin for the DSPI B module. The alternate
function is the data input for the DSPI C module.
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2.3.8.17 DSPI B Chip Select / DSPI C Clock / GPIO
PCSB[4]_SCKC_GPIO[109]

PCSB[4] _SCKC_GPIO[109] is a peripheral chip select output pin for the DSPI B module. The alternate
function is the SPI clock for the DSP1 C module.

2.3.8.18 DSPI B Chip Select / DSPI C Chip Select / GPIO
PCSBI[5]_PCSC[0]_GPIO[110]

PCSB[5] _PCSC[0]_GPIO[110] is a peripheral chip select output pin for the DSPI B module. The alternate
function is a chip select output (slave select input in slave mode) for the DSPI C module.

2.3.9 Enhanced Queued Analog/Digital Converter (¢QADC)

NOTE

The eQADC has 40 channels in the 324 package; the 208 packages in
limited to 34 channels due to pin limitations.

2.3.9.1 Analog Input / Differential Analog Input
AN[0]_DANO+

ANIJO0] is a single-ended analog input to the two on-chip ADCs. DANO+ is the positive terminal of the
differential analog input DANO (DANO+ to DANO-).

2.3.9.2 Analog Input / Differential Analog Input
AN[1]_DANO-

AN[1] is a single-ended analog input to the two on-chip ADCs. DANO- is the negative terminal of the
differential analog input DANO (DANO+ to DANO-).

2.3.9.3 Analog Input / Differential Analog Input
AN[2]_DAN1+

AN[2] is a single-ended analog input to the two on-chip ADCs. DAN1+ is the positive terminal of the
differential analog input DAN1 (DAN1+ to DAN1-).

2.3.9.4 Analog Input / Differential Analog Input
AN[3]_DAN1-

AN][3] is a single-ended analog input to the two on-chip ADCs. DAN1- is the negative terminal of the
differential analog input DAN1 (DAN1+ to DAN1-).
2.3.9.5 Analog Input / Differential Analog Input

AN[4]_DAN2+

ANT[4] is a single-ended analog input to the two on-chip ADCs. DAN2+ is the positive terminal of the
differential analog input DAN2 (DAN2+ to DAN2-).
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2.3.9.6 Analog Input / Differential Analog Input
AN[5]_DAN2-

AN[5] is a single-ended analog input to the two on-chip ADCs. DANZ2- is the negative terminal of the
differential analog input DAN2 (DAN2+ to DAN2-).

2.3.9.7 Analog Input / Differential Analog Input
AN[6]_DAN3+

AN][6] is a single-ended analog input to the two on-chip ADCs. DAN3+ is the positive terminal of the
differential analog input DAN3 (DAN3+ to DAN3-).

2.3.9.8 Analog Input / Differential Analog Input
AN[7]_DAN3-

AN[7] is a single-ended analog input to the two on-chip ADCs. DAN3- is the negative terminal of the
differential analog input DAN3 (DAN3+ to DAN3-).

2.3.9.9 Analog Input / Multiplexed Analog Input
AN[8]_ANW

AN][8] is an analog input pin. The alternate function, ANW, is an analog input in external multiplexed
mode. This pin has reduced analog to digital conversion accuracy as compared to the AN[0:7] and
ANJ[16:39] analog input pins.

208 Package: The AN[8]_ANW pin is not available due to pin limitations.

2.3.9.10 Analog Input / Multiplexed Analog Input
AN[9]_ANX

ANJ9] is an analog input pin. The alternate function, ANX, is an analog input in external multiplexed
mode. This pin has reduced analog to digital conversion accuracy as compared to the AN[0:7] and
ANJ16:39] analog input pins.

2.3.9.11 Analog Input / Multiplexed Analog Input
AN[10]_ANY

ANJ10] is an analog input pin. The alternate function, ANY, is an analog input in external multiplexed
mode. This pin has reduced analog to digital conversion accuracy as compared to the AN[0:7] and
ANJ[16:39] analog input pins.

208 Package:  The AN[10]_ANY pin is not available due to pin limitations.
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2.3.9.12 Analog Input / Multiplexed Analog Input
AN[11]_ANZ

AN[11] is an analog input pin. The alternate function, ANZ, is an analog input in external multiplexed
mode. This pin has reduced analog to digital conversion accuracy as compared to the AN[0:7] and
ANJ16:39] analog input pins.

2.3.9.13 Analog Input / Mux Address 0/ eQADC Serial Data Strobe
AN[12]_MA[0]_SDS

AN[12]_MA[0]_SDS is an analog input pin. The alternate function, MAJ[0], is a MUX address pin. The
second alternate function is the serial data strobe for the eQADC SSI. This pin has reduced analog to digital
conversion accuracy as compared to the AN[0:7] and AN[16:39] analog input pins.

2.3.9.14 Analog Input / Mux Address 1/ eQADC Serial Data Out
AN[13]_MA[1]_SDO

AN[13]_MA[1]_SDO is an analog input pin. The alternate function, MA[1], is a MUX address pin. The
second alternate function is the serial data output for the eQADC SSI. This pin has reduced analog to
digital conversion accuracy as compared to the AN[0:7] and AN[16:39] analog input pins.

2.3.9.15 Analog Input / Mux Address 2 / eQADC Serial Data In
AN[14]_MAJ[2]_SDI

AN[14] MAJ2]_SDIl is an analog input pin. The alternate function, MA[2], is a MUX address pin. The
second alternate function is the serial data input for the eQADC SSI. This pin has reduced analog to digital
conversion accuracy as compared to the AN[0:7] and AN[16:39] analog input pins.

2.3.9.16 Analog Input / eQADC Free Running Clock
AN[15]_FCK

AN[15]_FCK is an analog input pin. The alternate function is the free running clock for the eQADC SSI.
This pin has reduced analog to digital conversion accuracy as compared to the AN[0:7] and AN[16:39]
analog input pins.

2.3.9.17 Analog Input
AN[16:39]
ANJ[16:39] are analog input pins.
208 Package: The AN[19:20, 26, 29] pins are not available due to pin limitations.

2.3.9.18 Voltage Reference High
VRH
VRrH I8 the voltage reference high input pin for the eQADC.

208 Package: The VRy pin is not available due to pin limitations.
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2.3.9.19 Voltage Reference Low
VRL
VgL is the voltage reference low input pin for the eQADC.

208 Package: The Vg, pin is not available due to pin limitations.

2.3.9.20 Reference Bypass Capacitor
REFBYPC

REFBYPC is a bypass capacitor input for the eQADC. Use a 100nF external bias capacitor to connect the
REFBYPC pin to the Vg, .

2.3.10 Enhanced Time Processing Unit (eTPU)

2.3.10.1 eTPU A TCR Clock / External Interrupt Request / GPIO
TCRCLKA_IRQ[7]_GPIO[113]

TCRCLKA_IRQ[7]_GPIO[113] is the TCR A clock input for the eTPU module. The alternate function is
an external interrupt request input for the SIU module.

2.3.10.2 eTPU A Channel/eTPU A Channel (Output Only) / GPIO
ETPUA[0:11]_ETPUA[12:23]_GPIO[114:125]

ETPUA[0:11]_ETPUA[12:23]_GPIO[114:125] are input/output channel pins for the eTPU A module.
The alternate function is for output channels of the eTPU A module; that is, when configured as
ETPUA[12:23], the pins function as outputs only.

2.3.10.3 eTPU A Channel / DSPI/ GPIO
ETPUA[12:19] PCSXn_GPIO[126:133]

ETPUA[12:19] PCSXn_GPIO[126:133] are input/output channel pins for the eTPU A module muxed
with DSPI B and D pins.

2.3.10.4 eTPU A Channel / External Interrupt Request / GPIO
ETPUA[20:27]_IRQ[8:15]_GPIO[134:141]

ETPUA[20:27]_IRQ[8:15] GPIO[134:141] are input/output channel pins for the eTPU A module muxed
with interrupt request pins.

2.3.10.5 eTPU A Channels/DSPI C/ GPIO
ETPUA[28:31]_PCSC[1:4]_GPIO[142:145]

ETPUA[28:31] _PCSCJ1:4]_GPI10[142:145] are input/output channel pins for the eTPU A module
multiplexed with DSPI C pins.
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2.3.11 Enhanced Modular Input/Output System (eMIOS)

2.3.11.1 eMIOS Channels / eTPU A Channels (Output Only) / GPIO
EMIOS[0:9] ETPUA[0:9] GPIO[179:188]

EMIOS[0:9] ETPUA[0:9]_GPIO[179:188] are the primary functions for input/output channel pins for the
eMIOS module. The alternate functions are output channels for the eTPU A module; that is, when
configured as ETPUAJ0:9], the pins function as outputs only.

2.3.11.2 eMIOS Channels / GPIO
EMIOS[10:11]_GPIO[189:190]

EMIOS[10:11]_GPI10[189:190] are input/output channel pins for the eMIOS module.

2.3.11.3 eMIOS Channel (Output Only) / DSPI C Data Output / GPIO
EMIOS[12]_SOUTC_GPIO[191]

EMIOS[12]_SOUTC_GPIO[191] is an output channel pin for the eMIOS module. The alternate function
is the data output for the DSPI C module.

2.3.11.4 eMIOS Channel (Output Only) / DSPI D Data Output / GPIO
EMIOS[13]_SOUTD_GPIO192

EMIOS[13]_SOUTD_GPIO[192] is an output channel pin for the eMIOS module. The alternate function
is the data output for the DSP1 D module.

2.3.11.5 eMIOS Channel (Output Only) / External Interrupt Request / GPIO
EMIOS[14:15]_IRQ[0:1]_GPIO[193:194]

EMIOS[14:15]_IRQ[0:1]_GPI0[193:194] are output channel pins for the eMIOS module. The alternate
function is for external interrupt request inputs.

2.3.11.6 eMIOS Channel (Output Only) / GPIO

EMIOS[16:23]_GPIO[195:202]
EMIOS[16:23]_GPIO[195:202] are input/output channel pins for the eMIOS module.

2.3.12 GPIO

2.3.12.1 GPIO
EMIOS[14:15] _GPI0[203:204]

EMIOS[14:15] GPIO[203:204] are input or output pins. When configured as EMIOS[14:15], the pins
function as output channels for the eMIOS module.

208 Package: The EMIOS[14:15]_GPIO[203:204] signals are not available due to pin limitations.
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2.3.12.2 GPIO
GPI0[206:207]

The GP10[206:207] pins only have GPIO functionality. These pins are reserved for double data rate
memory interface support.The pad type for GPIO[206:207] is fast driver and CMOS input buffer
(1.62-1.98 V).

2.3.13 Clock Synthesizer

2.3.13.1 Crystal Oscillator Output
XTAL

XTAL is the output pin for an external crystal oscillator.

2.3.13.2 Crystal Oscillator Input / External Clock Input
EXTAL_EXTCLK

EXTAL is the input pin for an external crystal oscillator or an external clock source. The alternate function
is the external clock input. The function of this pin is determined by the PLLCFG configuration pins.

2.3.13.3 System Clock Output
CLKOUT

CLKOUT is the system clock output.
208 Package: The CLKOUT signal is not available due to pin limitations.

2.3.13.4 Engineering Clock Output
ENGCLK

ENGCLK is a 50% duty cycle output clock with a maximum frequency of the device’s system clock
divided by two. ENGCLK is not synchronous to CLKOUT.

2.3.14 Power/Ground

2.3.14.1 Voltage Regulator Control Supply Input
VRess3
VRess 1S the 3.3 V supply input pin for the on-chip 1.5 V regulator control circuit.

2.3.14.2 \Voltage Regulator Control Ground Input
VRevss
VRevss IS the ground reference for the on-chip 1.5 V regulator control circuit.

208 Package: The Vrcyss signal is not available due to pin limitations.
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2.3.14.3 Voltage Regulator Control Output
VreeTL

VRceTL is the output pin for the on-chip 1.5 V regulator control circuit.

2.3.14.4 eQADC Analog Supply
VbpAn
Vpbpan 1S the analog supply input pin for the eQADC.

2.3.14.5 eQADC Analog Ground Reference
Vssan
Vssan IS the analog ground reference input pin for the eQADC.

2.3.14.6 Clock Synthesizer Power Input
VbDsyN
Vppsyn 1S the power supply input for the FMPLL.

2.3.14.7 Clock Synthesizer Ground Input
Vsssyn
Vsssyn IS the ground reference input for the FMPLL.

2.3.14.8 Flash Read Supply Input
VELASH
VELasH is the on-chip Flash read supply input.

208 Package: The Vg asn signal is not available due to pin limitations.

2.3.14.9 Flash Program/Erase Supply Input
Vep
Vpp is the on-chip Flash program/erase supply input.

2.3.14.10 SRAM Standby Power Input
VstBY

Signals

Vstgy IS the power supply input that is used to maintain a portion of the contents of internal SRAM during

power down. If not used, tie Vggy 10 Vgs.

2.3.14.11 Internal Logic Supply Input
Vbb
Vpp is the 1.5 V logic supply input.

MPC5534 Microcontroller Reference Manual, Rev. 2

Freescale Semiconductor

2-35



Signals

2.3.14.12 External I/0 Supply Input

VbpEn

VppEn IS the 1.8-3.3 V +10% external 1/0 supply input.

2.3.14.13 External I/0O Supply Input

VbDEHN

VDbDEHN 1S the 3.3-5.0 V -10% to +5% external 1/0 supply input.

2.3.14.14 Fixed 3.3 V Internal Supply Input

Vbp33

Vppas is the 3.3 V internal supply input.

2.3.14.15 Ground

Vg Is the ground reference input.

2.3.15 /0 Power/Ground Segmentation

Table 2-2 gives the power/ground segmentation of the device MCU. Each segment provides the power and
ground for the given set of 1/0 pins. Each segment can be powered by either of the allowed voltages
regardless of the power on the other segments. The power/ground segmentation applies regardless of
whether a particular pin is configured for its primary function or GPI10.

See Table 2-1, as not all signals are available on the 324 and 208 packages. The primary signals shown in
blue are not available in this device, but are shown to locate the pin on the ball grid array (BGA). The
signals shown in red are not available on the 208 package.

Table 2-2. MPC5534 Power/Ground Segmentation

Power Voltage
Segment 1 I/0 Pins Powered by Segment
Range

VbpE

VbDEH1 3.3-5.0V | TCRCLKA_IRQ[7]_GPIO[113], ETPUA[0:11]_ETPUA[12:23]_GPIO[114:125],
ETPUA[12]_PCSB[1]_GPIO[126], ETPUA[13:15]_PCSB[3:5]_GPIO[127:129],
ETPUA[16:19]_PCSD[1:4]_GPIO[130:133], ETPUA[20:27]_IRQ[8:15]_GPIO[134:141],
ETPUA[28:31]_PCSC[1:4]_GPIO[141:145]

VppE2? 1.8-3.3V | CS[0]_ADDRI[8]_GPIO[0], CS[1:3]_ADDR[9:11]_GPIO[1:3], ADDR[12:31]_GPI0[8:27],
DATA[0:15]_GPI0[28:43], RD_WR_GPIO[62], BDIP_GPIO[63],
WE/BE[0:1]_GPIO[64:65], OE_GPIO[68], TS_GPIO[69], TA_GPIO[70], GPI0[206:207]

VbpEH4 3.3-5.0V | EMIOS[0:9]_ETPUA[0:9] GPIO[179:188], EMIOS[10:11]_PCSD[3:4]_GPIO[189:190],
EMIOS[12]_SOUTC_GPIO[191], EMIOS[13]_SOUTD_GPIO[192],
EMIOS[14:15]_IRQ[0:1]_GPIO[193:194], EMOIS[16:23]_GPIO[195:202],
CNTXA_GPIO[83], CNRXA_GPIO[84], CNTXB_PCSC[3]_GPIO[85],
CNRXB_PCSC[4]_GPIO[86]
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Table 2-2. MPC5534 Power/Ground Segmentation

Power Voltage
Segment R 91 I/O Pins Powered by Segment
v ange
DDE
VbDEs 1.8-3.3V | CLKOUT, ENGCLK
VbDEHS 3.3-5.0V |RESET, RSTOUT, RSTCFG_GPIO[210], WKPCFG_GPIO[213],
BOOTCFG[0]_IRQ[2]_GPIO[211], BOOTCFG[1]_IRQ[3]_GPIO[212],
PLLCFG[0]_IRQ[4]_GPIO[208], PLLCFG[1]_IRQ[5]_SOUTD_GPIO[209],
CNTXC_PCSD[3]_GPIO[87], CNRXC_PCSD[4]_GPI0[88],
TXDA_GPIO[89], RXDA_GPIO[90], TXDB_PCSD[1]_GPIO[91],
RXDB_PCSD[5]_GPIO[92], SCKA_PCSC[1]_GPIO[93], SINA_PCSC[2]_GPIO[94],
SOUTA_PCSC[5]_GPIO[95], PSCA[0]_PCSD[2]_GPIO[96],
PSCA[1]_PCSBI[2]_GPIO[97], PSCA[2]_SCKD_GPIO[98], PSCA[3]_SIND_GPIO[99],
PSCA[4]_SOUTD_GPIO[100], PSCA[5]_PCSB[3]_GPIO[101],
PCSBI[3]_SINC_GPIO[108], PCSB[4]_SCKC_GPIO[109], PCSB[5]_PCSC[0]_GPIO[110],
EMIOS[14:15]_GPIO[203:204]
VppE7 1.8-3.3V | EVTI, EVTO, MCKO, MDO[3:0], MDO[11:4]_GPI0[82:75], MSEOQ[1:0], RDY, TCK, TDI,
TDO, TMS, JCOMP, TEST
VbDEHY 3.3-5.0V | AN[12]_MA[0]_SDS, AN[13]_MA[1]_SDO, AN[14]_MA[2]_SDI, AN[15]_FCK
VbDEH10 3.3-50V |SCKB_PCSC[1]_GPIO[102], SINB_PCSC[2]_GPIO[103], SOUTB_PCSC[5]_GPIO[104],
PCSB[0]_PCSD[2]_GPIO[105], PCSB[1]_PCSD[0]_GPIO[106],
PCSB[2]_SOUTC_GPIO[107]
VpDE12 1.8-3.3V | CAL_ADDRI[12:30], CAL_DATA[0:15], CAL_CS|0], CAL_CS[2:3], CAL_RD_WR,
CAL_WE/BE[0:1], CAL_OE, CAL_TS
VDDAO 50V AN[2235], VRH
VDDA1 50V AN[0:11,16:21, 36:39]
VDDSYN 3.3V XTAL, EXTAL_EXTCLK
VRcss 33V VReetL

! These are nominal voltages. All Vppe and Vppgp voltages are £10% (Vppg 1.62-3.6 V; Vppey 3.0-5.25 V). VRyeas is £10%.
VDDSYN is +10%. VDDA is +5%, -10%.

2 Vppes and Vppges are separate segments in the device pad ring. These segments are shorted together in the package
substrate. The following pins are part of the Vppgs segment: DATA[0:15], GPIO[206:207], OE.

2.4 eTPU Pin Connections and Serialization

2.4.1 ETPUA[0:15]

The ETPUAJ0:15] module channels connect to external pins or can be serialized out through the DSPI C
module. A diagram for the ETPUA[0:15] and DSPI C connections is given in Figure 2-4. The full list of
connections is given in Table 2-3. Although not shown in Figure 2-4, the output channels of
ETPUA[12:15] are connected to the ETPUA[0:3]_ETPUA[12:15]_GPI0[114:117] pins.

The eTPU TCRCLKA clock input is connected to an external pin only.
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eTPU A
ETPUA[0] > CHO IN
ETPUA[12]_ B oHo OUT
GPIO[114]
EMIOS[0]_ .
ETPUA[O] < :
GPIO[179] .
ETPUA[9]_ * > CHo IN
ETPAIRIL < CH9 OUT
GPIO[123]
EMIOS[9]_
ETPUA[9]_ <
GPIO[188]
ETPUA[10]_ > CH10IN
ETPOALR2] < CH10 OUT
GPIO[124] . .
ETPUA[15]_ > CH15IN
GPIO[129] < CH15 OUT
Y Y Y Y

IN 4 IN 13 IN 14 IN 3
DSPIC

Figure 2-4. ETPUA[0:15]—DSPI C I/O Connections

Table 2-3. ETPUA[0:15]—DSPI C I/O Mapping

DSPI C Serialized eTPU A Channel Output
Input
15 11
14 10
13 9
12 8
11 7
10 6
9 5
8 4
7 3
6 2
5 1
4 0
3 15
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Table 2-3. ETPUA[0:15]—DSPI C I/O Mapping (continued)

DSPI ?ns;i';ialized eTPU A Channel Output
2 14
1 13
0 12

242 ETPUA[16:31]

ETPUA[16:23,30:31] connect to external pins for both the input and output function.
ETPUA[16:21,24:29] are serialized out on the DSPI B and DSPI D modules and ETPUA[22:23,30:31] are
not serialized out. ETPUA[24:29] connect to external pins for only the output function. Figure 2-5 shows
the connections for ETPUA[16] and applies to ETPUA[16:21]. Figure 2-6 shows the connections for
ETPUA[24] and applies to ETPUA[24:29]. The full ETPUA to DSPI B connections are given in Table 2-4,
and ETPUA to DSPI D in Table 2-5. Although not shown in Figure 2-5, the output channels of
ETPUA[16:23] are also connected to the ETPUA[4:11]_ETPUA[16:23]_GPI0[118:125] pins.

eTPU A
ETPUA[16]_ > CH16 IN
GPIO[130] < CH16 OUT

Y

Y

IN7
DSPI B

IN 5
DSPI D

Figure 2-5. ETPUA[16:21]—DSPI B-DSPI D I/O Connections

eTPU A
> CH24 IN
ETPUA[24] < CH24 OUT
GPIO[138]
Y Y
IN13 OUT 13 IN 15
DSPI B DSPI D

Figure 2-6. ETPU A[24:29]—DSPI B and DSPI D I/0 Connections

Table 2-4. ETPU A[16:31]—DSPI B I/O Mapping

Iljnspzltf /Sgl:'t?:.zt? eTPU A Channel Output eTPU A Channel Input
13 24 24
12 25 25
11 26 26
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Table 2-4. ETPU A[16:31]—DSPI B I/0 Mapping (continued)

DSPI B Serialized

Inputs / Outputs‘ eTPU A Channel Output eTPU A Channel Input
10 27 27
9 28 28
8 29 29
7 16 —
6 17 —
5 18 —
4 19 —
3 20 —
2 21 —

1 DSPI B serialized input channels 0, 1, 14, and 15 are connected to EMIOS channels. DSPI B
serialized output channels 14, 15 are connected to EMIOS channels. DSPI B serialized

output channels 0-7 are not connected.

Table 2-5. ETPUA[16:31]—DSPI D I/0 Mapping

DSPI D Serialized

Inputs’ eTPU A Channel Output
15 )
14 P
13 26
12 o
11 28
10 29
5 16
4 17
3 18
2 19
1 20
0 21

' DSPI D serialized input channels 6-9 are connected to

EMIOS channels.
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2.5 eMIOS Pin Connections and Serialization

The eMIOS channels connect to external pins or can be serialized in and out of the device. The input and
output channels of EMIOS[0:11, 16:23] connect to pins. Only the output channels of EMIOS[12:15]
connect to pins. The output channels of EMIOS[10:13] can be serialized out, and the inputs of
EMIOS[12:15] can be serialized in. The DSPI connections for EMIOS[10:11] are given in Figure 2-7,
Figure 2-8 for EMIOS[12:13], and Figure 2-9 for EMIOS[14:15].

eMIOS

EMIOS[10]_ > CH10IN
GPIO[189] < CH10 OUT

EMIOS[11]_ > CH11IN
GPIO[190] < CH11 OUT

Y Y Y Y
IN 1 INO IN7 IN6
DSPI B DSPID

Figure 2-7. EMIOS[10:11]—DSPI B-DSPI D I/0 Connections

eMIOS
EMIOS[12]_ > CH12 IN
SOUTC_ < CH12 OUT
GPIO[191]
EMIOS[13]_ > CH13 IN
SOUTD_ < CH13 OUT
GPIO[192]
Y Y Y Y
IN15 OUT 15 IN14 OUT 14 IN9 IN 8
DSPI B DSPI D
Figure 2-8. EMIOS[12:13]—DSPI B-DSPI D I/0 Connections
GPIO[203]_ <
EMIOS[14] eMIOS
EMIOS[14]_ > CH14 IN
IRQ[0]_ < CH14 OUT
GPIO[193]
EMIOS[15]_ > CH15 IN
IRQ[1]_ < CH15 OUT
GPIO[194]
GPIO[204]_ <
EMIOS[15] OUT 15 OUT 14

DSPID

Figure 2-9. EMIOS[14:15]—DSPI D I/O Connections

MPC5534 Microcontroller Reference Manual, Rev. 2

Freescale Semiconductor 2-41



-

Signals

MPC5534 Microcontroller Reference Manual, Rev. 2

2-42 Freescale Semiconductor



Chapter 3
Core Complex (e200z3)

The e200z3 integrates a Z3 CPU core, a Memory Management Unit (MMU), a Signal Processing
Extension (SPE) Auxiliary Processing Unit (APU), and a Nexus Class 3 real-time Debug unit. Separate
Instruction and Data AHB 2.v6 system interfaces are provided. Overviews of the major components are
described in this chapter.

Additional information:
» e200z3 PowerPC Core Reference Manual
* EREF: A Programmer's Reference Manual for Freescale Book E Processors
» \Variable-Length Encoding (VLE) Extension Programming Interface Manual

3.1 Overview

The e200 processor family are a set of core devices that implement low-cost versions of the PowerPC Book
E architecture. These processors are designed for deeply embedded control applications that require low
cost solutions over maximum performance.

The initial e200z3 processor integrates an integer execution unit, branch control unit, instruction fetch and
load/store units, and a multi-ported register file capable of sustaining three read and two write operations
per clock. Most integer instructions execute in a single clock cycle. Branch target prefetching is performed
by the branch unit to allow single-cycle branches in many cases.

The €200z3 core is a single-issue, 32-bit PowerPC Book E compliant design with 32 general purpose
registers (GPRs). PowerPC Book E floating-point instructions are not supported by €200 in hardware, but
are trapped and can be emulated by software. All arithmetic instructions that execute in the core operate
on data in the general purpose registers (GPRS).

A Signal Processing Extension (SPE) APU is provided to support real-time fixed point and single
precision, embedded numerics operations using the general-purpose registers. All arithmetic instructions
that execute in the core operate on data in the general purpose registers (GPRs). The GPRs have been
extended to 64-bits to support vector instructions defined by the SPE APU. These instructions operate on
a vector pair of 16-bit or 32-bit data types, and deliver vector and scalar results.

In addition to the base PowerPC Book E instruction set, the e200z3 core also implements the VLE
(Variable Length Encoding) APU, providing improved code density.

In the remainder of this chapter, the €200z3 core is also referred to as “the core.”
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3.2 Features

The following is a list of some of the key features of the e200z3 core:
» 32-bit PowerPC Book E programmer’s model
» Single issue, 32-bit PowerPC Book E compliant CPU
* Implements the VLE APU for reduced code footprint
* In-order execution and retirement
* Precise exception handling
* Branch processing unit
— Dedicated branch address calculation adder
— Branch acceleration using Branch Lookahead Instruction Buffer

« Load/store unit

— 1 cycle load latency
— Fully pipelined
— Big and Little endian support
— Misaligned access support
— Zero load-to-use pipeline bubbles
» Power management
— Low power design
— Dynamic power management of execution units

o Testability

— Synthesizeable, full MuxD scan design
— ABIST/MBIST for optional memory arrays

3.2.1 e200z3 Core Features Not Supported in the Device

This device implements a subset of the e200z3 core complex features. The e200z3 core complex features
that are not supported in the device are described in Table 4-2.

Table 3-1. €200z3 Features Not Supported in the Device Core

Function / Category

Description

Disabled events

The external debug event (DEVT2) and unconditional debug event (UDE) are not supported

Power management

€200z3 core halted state and stopped state are not supported

Power management

The following low-power modes are not supported:

* Doze mode

¢ Nap mode

¢ Sleep mode

¢ Time-base interrupt wake-up from low-power mode is not supported

Power management

Core wake up is not supported
MSR[WE] bit in the machine state register is not supported
The OCR[WKUP] bit in the €200z3 OnCE control register (OCR) has no effect
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Table 3-1. €200z3 Features Not Supported in the Device Core (continued)

Function / Category Description

Machine check The machine check input pin is not supported. HIDO [EMCP] has no effect, and MCSR[MCP]
always reads a negated value.

PVR value Least significant halfword of processor version register (PVR) is 0x0000, that contains the
following bitfields:

* MBG Use = 0x00

¢ MBG Rev = 0x0

* MBG ID = 0x0

The PVR register has two bitfields in the device.

Reservation management | Reservation management logic external to the e200z3 is not implemented.

Verification The system version register (SVR) of the e200z3 is 0x 0000_0000.

Time Base The decrement counters are always enabled in the e200z3.

The timer external clock is not connected to a clock; Do not select the timer external clock.

Context control The CTXCR and ALTCXTCR registers are not supported.

3.3  Microarchitecture Summary

The €200 processor utilizes a four stage pipeline for instruction execution. The Instruction Fetch (stage 1),
Instruction Decode/Register file Read/Effective Address Calculation (stage 2), Execute/Memory Access
(stage 3), and Register Writeback (stage 4) stages operate in an overlapped fashion, allowing single clock
instruction execution for most instructions.

The integer execution unit consists of a 32-bit Arithmetic Unit (AU), a Logic Unit (LU), a 32-bit Barrel
shifter (Shifter), a Mask-Insertion Unit (MIU), a Condition Register manipulation Unit (CRU), a
Count-Leading-Zeros unit (CLZ), a 32x32 Hardware Multiplier array, result feed-forward hardware, and
support hardware for division.

Most arithmetic and logical operations are executed in a single cycle with the exception of the divide
instructions. A Count-Leading-Zeros unit operates in a single clock cycle.

The Instruction Unit contains a PC incrementer and a dedicated Branch Address adder to minimize delays
during change of flow operations. Sequential prefetching is performed to ensure a supply of instructions
into the execution pipeline. Branch target prefetching is performed to accelerate taken branches.
Prefetched instructions are placed into an instruction buffer capable of holding six instructions.

Branches can also be decoded at the instruction buffer and branch target addresses calculated prior to the
branch reaching the instruction decode stage, allowing the branch target to be prefetched early. When a
branch is detected at the instruction buffer, a prediction can be made on whether the branch is taken or not.
If the branch is predicted to be taken, a target fetch is initiated and its target instructions are placed in the
instruction buffer following the branch instruction.

Conditional branches which are not taken and not folded execute in a single clock. Branches with
successful target prefetching which are not folded have an effective execution time of one clock. All other
taken branches have an execution time of two clocks.
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Memory load and store operations are provided for byte, halfword, and word (32-bit) data with automatic
zero or sign extension of byte and halfword load data as well as optional byte reversal of data. These
instructions can be pipelined to allow effective single cycle throughput. Load and store multiple word
instructions allow low overhead context save and restore operations. The load/store unit contains a
dedicated effective address adder to allow effective address generation to be optimized. Also, a load-to-use
dependency does not incur any pipeline bubbles for most cases.

The Condition Register unit supports the condition register (CR) and condition register operations defined
by the PowerPC architecture. The condition register consists of eight 4-bit fields that reflect the results of
certain operations, such as move, integer and floating-point compare, arithmetic, and logical instructions,
and provide a mechanism for testing and branching.

Vectored and autovectored interrupts are supported by the CPU. Vectored interrupt support is provided to
allow multiple interrupt sources to have unique interrupt handlers invoked with no software overhead.

The SPE APU supports vector instructions operating on 16- and 32-bit fixed-point data types, as well as
32-bit IEEE-754 single-precision floating-point formats, and supports single-precision floating-point
operations. The 64-bit general purpose register file is used for source and destination operands, and there
is a unified storage model for single-precision floating-point data types of 32-bits and the normal integer
type. Low latency fixed-point and floating-point add, subtract, multiply, multiply-add, multiply-subtract,
divide, compare, and conversion operations are provided.

3.3.1 Instruction Unit Features

The features of the e200 Instruction unit are:

*  64-bit instruction fetch path supports fetching of two 32-bit instruction per clock, or up to four
16-bit VLE APU instructions per clock

* Instruction buffer holds up to six sequential instructions and two prefetched branch target
instructions

» Dedicated PC incrementer supporting instruction prefetches

* Branch unit with dedicated branch address adder, and small branch target buffer logic supporting
single cycle of execution of certain branches, two cycles for all others

3.3.2 Integer Unit Features

The €200 integer unit supports single cycle execution of most integer instructions:
o 32-bit AU for arithmetic and comparison operations
e 32-bit LU for logical operations
» 32-bit priority encoder for count leading zero’s function
» 32-bit single cycle barrel shifter for static shifts and rotates
»  32-bit mask unit for data masking and insertion
» Divider logic for signed and unsigned divide in <16 clocks with minimized execution timing
* 32x32 hardware multiplier array supports single-cycle 32x32—32 multiply
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3.3.3 Load/Store Unit Features

The €200 load/store unit supports load, store, and the load multiple / store multiple instructions:
» 32-bit effective address adder for data memory address calculations
» Pipelined operation supports throughput of one load or store operation per cycle

» Dedicated 64-bit interface to memory supports saving and restoring of up to two registers per cycle
for load multiple and store multiple word instructions

3.3.4 e200 System Bus Features

The features of the e200 System Bus interface are as follows:
* Independent Instruction and Data Buses
«  AMBA AHB2.v6 protocol
» 32-bit address bus plus attributes and control on each bus
* 64-bit read data bus for Instruction Interface
» Separate unidirectional 64-bit read data bus and 64-bit write data bus for Data Interface
» Overlapped, in-order accesses

3.3.5 MMU Features

The features of the MMU are as follows:
* Virtual Memory support
e 32-bit Virtual and Physical Addresses
e 8-bit Process ldentifier
» 16-entry Fully associative TLB
» Support for multiple page sizes from 4 KB to 256 MB
» Entry Flush Protection

3.3.6 Nexus 3 Features

The Nexus 3 module is compliant with Class 3 of the IEEE-ISTO 5001-2003 standard. The following
features are implemented:

» Program Trace via Branch Trace Messaging (BTM). Branch trace messaging displays program
flow discontinuities (direct and indirect branches, exceptions, etc.), allowing the development tool
to interpolate what transpires between the discontinuities. Thus static code can be traced.

» Data Trace via Data Write Messaging (DWM) and Data Read Messaging (DRM). This provides
the capability for the development tool to trace reads and/or writes to selected internal memory
resources.

»  Ownership Trace via Ownership Trace Messaging (OTM). OTM facilitates ownership trace by
providing visibility of which process ID or operating system task is activated. An Ownership Trace
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Message is transmitted when a new process/task is activated, allowing the development tool to
trace ownership flow.

* Run-time access to embedded processor registers and memory map via the JTAG port. This allows
for enhanced download/upload capabilities.

* Watchpoint Messaging via the auxiliary pins
» Watchpoint Trigger enable of Program and/or Data Trace Messaging
» Auxiliary interface for higher data input/output
— Configurable (min./max) Message Data Out pins (MDO[11:0])
— One or two Message Start/End Out pins (MSEO[1:0])
— One Read/Write Ready pin (RDY) pin
— One Watchpoint Event pin (EVTO)
— One Event In pin (EVTI)
— One Message Clock Out (MCKO) pin
» Registers for Program Trace, Data Trace, Ownership Trace and Watchpoint Trigger.
» All features controllable and configurable via the JTAG port

MPC5534 Microcontroller Reference Manual, Rev. 2
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3.4 Block Diagram

Figure 4-1 shows a block diagram of the e200z3 core complex.

OnCE/Nexus CPU
Control Logic Control Logic Si
ignal
¢ ¢ ¢ > Processing Unit
(SPE APU)
‘ Alternate Contexts
Memory : (IEE : Integer
Management SPR ! CTR | GPR [< > Execution
. | | | .
Unit | XER Unit
Instruction Unit
Instruction Buffer - Multiply
32 - Unit
Address <€—=<>
64 Instruction
Bus e
Data €= | ierface Yvy
N Unit External <—> Control
Control <€—<3> PC Branch > SPR <
Unit Unit Interface Data
(MTSPR/MFSPR) |——>
Load/Store o
Unit N

!

Data Bus Interface Unit

Address Data Control
Figure 3-1. e200z3 Block Diagram

3.5 Memory Management Unit (MMU)

3.5.1 Overview
The e200z3 Memory Management Unit is a 32-bit PowerPC Book E compliant implementation, with the
following feature set:

» Freescale Book E MMU architecture compliant

» Translates from 32-bit effective to 32-bit real addresses

» 16-entry fully associative TLB with support for nine page sizes
4K, 16K,64K,256 K,1M,4M, 16 M, 64 M, 256 M)

» Hardware assist for TLB miss exceptions
» Software managed by tlbre, tlbwe, tlbsx, tlbsync, and tlbivax instructions

MPC5534 Microcontroller Reference Manual, Rev. 2

Freescale Semiconductor 3-7



Core Complex (€200z3)

3.5.2 Translation Lookaside Buffer (TLB)

The Freescale Book E architecture defines support for zero or more TLBs in an implementation, each with
its own characteristics, and provides configuration information for software to query the existence and
structure of the TLB(s) through a set of special purpose registers: MMUCFG, TLBOCFG, TLB1CFG, etc.
By convention, TLBO is used for a set associative TLB with fixed page sizes, TLBL1 is used for a fully
associative TLB with variable page sizes, and TLB2 is arbitrarily defined by an implementation. The
€200z3 MMU supports a single TLB which is fully associative and supports variable page sizes, thus it
corresponds to TLB1. For the rest of this document, TLB, TLBCAM, and TLB1 are used interchangeably.

The TLB consists of a 16-entry, fully associative CAM array with support for nine page sizes. To perform
a lookup, the CAM is searched in parallel for a matching TLB entry. The contents of this TLB entry are

then concatenated with the page offset of the original effective address. The result is the physical address
of the access.

A hit to multiple TLB entries is considered to be a programming error. If this occurs, the TLB generates
an invalid address and TLB entries can be corrupted (an exception is not reported).

Table 4-3 shows the TLB entry bit definitions.
Table 3-2. TLB Entry Bit Definitions

Field Comments
Vv Valid bit for entry
TS Translation address space (compared against AS bit)
TID[0:7] Translation ID (compared against PIDO or ‘0’)
EPN[0:19] Effective page number (compared against effective address)
RPN[0:19] Real page number (translated address)
SIZE[0-3] Page size (4 KB, 16 KB, 64 KB, 256 KB, 1 MB, 4 MB, 16 MB, 64 MB, 256 MBs)
SX, SW, SR Supervisor execute, write, and read permission bits
UX, UW, UR User execute, write, and read permission bits
WIMGE Translation attributes (Write-through required, cache-Inhibited, Memory coherence required, Guarded,
Endian)
uo-u3 Use bits for software
IPROT Invalidation protect
VLE VLE page indicator

The TLB is accessed indirectly through several MMU Assist (MAS) registers. Software can write and read
the MMU Assist registers with mtspr and mfspr instructions. These registers contain information related
to reading and writing a given entry within the TLB. Data is read from the TLB into the MAS registers
with a tlbre (TLB read entry) instruction. Data is written to the TLB from the MAS registers with a tibwe
(TLB write entry) instruction.

Certain fields of the MAS registers are also written by hardware when an Instruction TLB Error, Data TLB
Error, DSI, or ISl interrupt occurs.
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OnaTLB Error interrupt, the MAS registers are written by hardware with the proper EA, default attributes
(TID, WIMGE, permissions, etc.), and TLB selection information, and an entry in the TLB to replace.
Software manages this entry selection information by updating a replacement entry value during TLB miss
handling. Software must provide the correct RPN and permission information in one of the MAS registers
before executing a tlbwe instruction.

On taking a DSI or ISl interrupt, the hardware updates only the search PID (SPID) and search address
space (SAS) fields in the MAS registers using PIDO0, and appropriate MSR[1S] or MSR[DS] values which
were used when the DSI or ISI exception was recognized. During the interrupt handler, software can issue
a TLB search instruction (tlbsx), which uses the SPID field along with the SAS field, to determine the
entry related to the DSI or ISI exception. (It is possible that the entry which caused the DSI or ISI interrupt
no longer exists in the TLB by the time the search occurs if a TLB invalidate or replacement removes the
entry between the time the exception is recognized and when the tlbsx is executed.)

The tlbre, tibwe, tlbsx, tibivax, and tibsync instructions are privileged.

3.5.3 Translation Flow

The effective address, concatenated with the address space value of the corresponding MSR bit (MSR[IS]
or MSR[DS], is compared to the appropriate number of bits of the EPN field (depending on the page size)
and the TS field of TLB entries. If the contents of the effective address plus the address space bit matches
the EPN field and TS bit of the TLB entry, that TLB entry is a candidate for a possible translation match.
In addition to a match in the EPN field and TS, a matching TLB entry must match with the current Process
ID of the access (in PIDO0), or have a TID value of 0, indicating the entry is globally shared among all
processes.

Figure 4-2 shows the translation match logic for the effective address plus its attributes, collectively called
the virtual address, and how it is compared with the corresponding fields in the TLB entries.

TLB_entry[V] } TLB entry Hit
TLB_entry[TS] ——— 5 B
AS (from MSR[IS] or MSR[DS]) —\

Process ID private page

TLB_entry[TID] shared page

TLB_entry[EPN] —— R
EA page number bits _, -

Figure 3-2. Virtual Address and TLB-Entry Compare Process
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The page size for a TLB entry determines how many bits of the effective address are compared with the
corresponding EPN field in the TLB entry as shown in Table 3-3. On a TLB hit, the corresponding bits of
the Real Page Number (RPN) field are used to form the real address.

Table 3-3. Page Size and EPN Field Comparison

SIZE Field (Zg.%g i‘;:) EA to EPN Comparison
0001 4KB EA[0:19] =2 EPN[0:19]
0010 16 KB EA[0:17] =2 EPN[0:17]
0011 64 KB EA[0:15] =7 EPN[0:15]
0100 256 KB EA[0:13] =2 EPN[0:13]
0101 1MB EA[0:11] =2 EPN[0:11]
0110 4 VB EA[0:9] =2 EPN[0:9]
0111 16 MB EA[0:7] =7 EPN[0:7]
1000 64 MB EA[0:5] =7 EPN[0:5]
1001 256 MB EA[0:3] =2 EPN[0:3]

On a TLB hit, the generation of the physical address occurs as shown in Figure 3-3.

MSR[DS] for data access NOTE: n = 32 — log, (page size)
MSR][IS] for instruction fetch n>=20
32-bit Effective Address n =20 for 4 KB page size
PID Effective Page Address Offset
0 n-1n 31
Virtual Address N~
TLB

multiple-entry

RPN field of matching entry

¢ v

Real Page Number Offset
0 n-1n 31

32-bit Real Address

Figure 3-3. Effective to Real Address Translation Flow

3.54 Permissions

An operating system can restrict access to virtual pages by selectively granting permissions for user mode
read, write, and execute, and supervisor mode read, write, and execute on a per page basis. These
permissions can be set up for a particular system (for example, program code might be execute-only, data
structures can be mapped as read/write/no-execute) and can also be changed by the operating system based
on application requests and operating system policies.
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The UX, SX, UW, SW, UR, and SR access control bits are provided to support selective permissions
(access control):

» SR—Supervisor read permission. Allows loads and load-type cache management instructions to
access the page while in supervisor mode (MSR[PR=0]).

»  SW—Supervisor write permission. Allows stores and store-type cache management instructions to
access the page while in supervisor mode (MSR[PR=0]).

o SX—Supervisor execute permission. Allows instruction fetches to access the page and instructions
to be executed from the page while in supervisor mode (MSR[PR=0]).

» UR—User read permission. Allows loads and load-type cache management instructions to access
the page while in user mode (MSR[PR=1]).

o UW—User write permission. Allows stores and store-type cache management instructions to
access the page while in user mode (MSR[PR=1]).

o UX—User execute permission. Allows instruction fetches to access the page and instructions to be
executed from the page while in user mode (MSR[PR=1]).

If the translation match was successful, the permission bits are checked as shown in Figure 3-4. If the
access is not allowed by the access permission mechanism, the processor generates an Instruction or Data
Storage interrupt (1SI or DSI).

|
| TLB VSRR | Access Granted
Instruction Fetch )
TLB_entry[UX]
—Q
TLB_entry[SX] 1
*—
Load-class Data Access
TLB_entry[UR]
—Q
TLB_entry[SR]
*—
Store-class Data Access
TLB_entry[UW]
L
TLB_entry[SW]—

Figure 3-4. Granting of Access Permission

3.6 Bus Interface Unit (BIU)

The BIU encompasses control and data signals supporting instruction and data transfers. The memory
interface supported by the BIU is based on the AMBA AHB-L.ite subset of the AMBA 2.0 AHB, with V6
AMBA Extensions. (Ref. documents ARM IHI 0011A, ARM DVI 0044A, and ARM
PR022-GENC-001011 0.7). Additional sideband signals have been added to support additional control
functions.
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NOTE

The AMBA AHB bit and byte ordering reflect a natural little-endian
ordering, as used by the AMBA documentation. The €200z3 BIU
automatically performs byte lane conversions for big-endian transfers.

Single-beat and misaligned transfers are supported for read and write cycles, and write-buffer writes.

3.7 Core Registers and Programmer’s Models

This section describes the registers implemented in the e200z3 core. It includes an overview of registers
defined by the PowerPC Book E architecture, highlighting differences in how these registers are
implemented in the €200 core, and provides a detailed description of e200-specific registers. Full
descriptions of the architecture-defined register set are provided in Book E: Enhanced PowerPC™
Architecture.

The PowerPC Book E architecture defines register-to-register operations for all computational
instructions. Source data for these instructions are accessed from the on-chip registers or are provided as
immediate values embedded in the opcode. The three-register instruction format allows specification of a
target register distinct from the two source registers, thus preserving the original data for use by other
instructions. Data is transferred between memory and registers with explicit load and store instructions
only.

e200z3 extends the General Purpose Registers to 64-bits for supporting SPE APU operations. PowerPC
Book E instructions operate on the lower 32 bits of the GPRs only, and the upper 32 bits are unaffected by
these instructions. SPE vector instructions operate on the entire 64-bit register. The SPE APU defines load
and store instructions for transferring 64-bit values to/from memory.

NOTE

e200z3 is a 32-bit implementation of the PowerPC Book E architecture. In
this document, register bits are sometimes numbered from bit 31

(Most Significant Bit) to 0 (Least Significant Bit), rather than the Book E
numbering scheme of 32:63, thus register bit numbers for some registers in
Book E are 32 higher. Where appropriate, the Book E defined bit numbers
are shown in parentheses.
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Figure 3-5 and Figure 3-6 show the complete €200 register set. Figure 3-5 shows the registers which are
accessible while in supervisor mode.

/ SUPERVISOR MODE PROGRAMMER’S MODEL \
General Registers Exception Handling/Control Registers
General Purpose Interrupt Vector
Condition Register Registers SPR General Save & Restore Prefix
GPRO SPRGO | SPR 272 SRRO | SPR26 IVPR | SPR63
Count Register GPR1 SPRG1 SPR 273 SRR1 SPR 27 Interrupt Vector
GPR31 SPRG3__ | SPR 275 CSRR1__|SPR 59 VORO 1 SPR 400
- - :
Link Register SPRG4 | SPR 276 DSRRO' | SPR 574 VOR1T | SPR 401
SPR8 SPRG5 | SPR 277 DSRR1T | SPR575 - e
XER SPRG6 | SPR 278 Exception IVOR15 | SPR 415
SPR 1 SPRG7 SPR 279 Syndrome SRaE ] P 52
User SPR ESR__ | SPR62 S 528
Processor Control Registers USPRGO |SPR256  Machine Check oraa | SPR 530
. Hardware Implementation Syndrome Register
Machine State Dependent MCSR SPR 572
MSR HIDO SPR 1008 Data Exception
Processor Version HID1 SPR 1009 Address
SPR2g7 Context Control' DEAR | SPR 61
CTXCR SPR 560
Processor ID . .
SPR 286 ALTCTXCR | SPR 568 Timers BTB Register
. Time Base
System Version (Write-Only) Decrementer BTB Control'
SPR 1023 TBL SPR 284 DEC SPR 22 BUCSR |SPR 1013
Debug Reaist 2 TBU SPR 285 DECAR SPR 54
ebug Registers
Control & Status P
Instruction Address APU Register
Debug Control Compare TCR SPR 340 SPE APU Status &
DBCRO | SPR 308 IAC1 | SPR312 TSR [SPR336 Control Register
DBCR1 SPR 309 IAC2 SPR 313 SPEFSCR | SPR 512
DBCR2 SPR 310 IAC3 SPR 314 .
DBCR3' | SPR 561 IAC4 | SPR 315 Memory Management Registers
Control &
Debug Status Daéa Address MMU Assist’ Process ID Configuration
DBSR | SPR 304 ompare
DACT | SPR 316 MASO | SPR 624 SPR 48 MMUCSRO | SPR 1012
Debug Counter’ DAz | SPR 317 MAS1 | SPR 625 MMUCFG | SPR 1015
DBCNT SPR 562 MAS2 SPR 626 TLBOCFG | SPR 688
MAS3 SPR 627 TLB1CFG | SPR 689
' Not all e200-specific registers are MAS4 SPR 628 .
supported by all PowerPC processors. Cache Register
2 Optional registers defined by the PowerPC MAS6 SPR 630 Cache Configuration
Book-E architecture. (Read-Only)
K L1CFGO |SPR 515/

Figure 3-5. €200z3 Supervisor Mode Programmer’s Model
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Figure 3-6 shows the set of registers which are accessible while in user mode. The number to the right of
the special-purpose registers (SPRs) is the decimal number used in the instruction syntax to access the
register (for example, the integer exception register (XER) is SPR 1).

/ USER MODE PROGRAMMER’S MODEL \
General Registers Timers Cache Register
General Purpose Time Base Cache Configuration
Condition Register Registers (Read-Only) (Read-Only)
GPRO TBL SPR 268 SPR 515
Count Register GPR1 TBU SPR 269
SPRO GPR31 Control Registers APU Register
Link Register SPR General SPE APU Status &
SPR 8 (Read-Only) Control Register
XER SPRG4 | SPR 260 SPR 512
SPRG5 | SPR 261
XER SPR 1
SPRG6 | SPR 262
SPRG7 | SPR 263

User SPR

\_ SPR 256 Yy,

Figure 3-6. €200 User Mode Programmer’s Model

General purpose registers (GPRs) are accessed through instruction operands. Access to other registers can
be explicit (by using instructions for that purpose such as Move to Special Purpose Register (mtspr) and
Move from Special Purpose Register (mfspr) instructions) or implicit as part of the execution of an
instruction. Some registers are accessed both explicitly and implicitly.

3.7.1 PowerPC Book E Registers

200 supports most of the registers defined by Book E: Enhanced PowerPC™ Architecture. Notable
exceptions are the Floating Point registers FPRO-FPR31 and FPSCR. €200 does not support the Book E
Floating Point Architecture in hardware. The General Purpose registers have been extended to 64-bits. The
€200 supported PowerPC BookE registers are described as follows:

3.711 User-level Registers
The user-level registers can be accessed by all software with either user or supervisor privileges, and are
grouped as follows:

» General-purpose registers (GPRs)—The thirty-two 64-bit GPRs (GPRO-GPR31) are data source
or destination registers for integer instructions, and provide data to generate addresses.

» Condition register (CR)—The 32-bit CR consists of eight 4-bit fields, (CRO—CRY7), that reflect the
results of arithmetic operations and are used for testing and branching.

The remaining user-level registers are SPRs. The PowerPC architecture has the mtspr and mfspr
instructions for accessing SPRs.

» Integer exception register (XER)—The XER indicates overflow and carries for integer operations.
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» Link register (LR)—The LR provides the branch target address for the Branch Conditional to Link
Register (bclr, belrl) instructions, and is used to hold the address of the instruction that follows a
branch and link instruction, typically used for linking to subroutines.

» Count register (CTR)—The CTR holds a loop count that can be decremented during execution of
appropriately coded branch instructions. The CTR also provides the branch target address for the
Branch Conditional to Count Register (bcctr, beetrl) instructions.

» Time Base facility (TB)— consists of two 32-bit registers—Time Base Upper (TBU) and Time
Base Lower (TBL). These two registers are accessible in a read-only fashion to user-level software.

» Software-use Special Purpose Registers (SPRGs)—The PowerPC Book E architecture defines how
software uses the SPRG4 through SPRG7 (SPRG4-SPRG7). These registers are read-only and are
accessed by user-level software. The e200z3 does not allow user mode access to the SPRG3
register (defined as implementation-dependent by Book E).

» User Software-Use Special Purpose Register (USPRG0)—The PowerPC Book E architecture
defines USPRGO as a read-write register that is accessible by user-level software.

3.71.2 Supervisor-level Registers

In addition to the registers accessible in user mode, Supervisor-level software has access to additional
control and status registers used for configuration, exception handling, and other operating system
functions. The PowerPC Book E architecture defines the following supervisor-level registers:

* Processor Control registers

— Machine State Register (MSR). The MSR defines the state of the processor. The MSR can be
modified by the Move to Machine State Register (mtmsr), System Call (sc), and Return from
Exception (rfi, rfci, rfdi) instructions. It can be read by the Move from Machine State Register
(mfmsr) instruction. When an interrupt occurs, the contents of the MSR are saved to one of the
machine state save/restore registers (SRR1, CSRR1, DSRR1).

— Processor version register (PVR). This register is a read-only register that identifies the version
(model) and revision level of the PowerPC processor.

— Processor ldentification Register (PIR). This read-only register is provided to distinguish the
processor from other processors in the system.

» Storage Control register

— Process ID Register (PID, also referred to as PID0). This register is provided to indicate the
current process or task identifier. It is used by the MMU as an extension to the effective address,
and by Nexus 2 module for Ownership Trace message generation. PowerPC Book E allows for
multiple PIDs; €200z3 implements only one.

* Interrupt Registers

— Data Exception Address Register (DEAR). After most Data Storage Interrupt (DSI), or on an
Alignment Interrupt, or Data TLB Miss Interrupt, the DEAR is set to the effective address (EA)
generated by the faulting instruction.

— SPRGO-SPRG7, USPRGO. The SPRGO-SPRG7 and USPRGO registers are used by thee
operating system. e200 does not allow user mode access to the SPRG3 register (defined as
implementation dependent by Book E).
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— Exception Syndrome Register (ESR). The ESR register provides a syndrome to differentiate
between the different kinds of exceptions which can generate the same interrupt.

— Interrupt Vector Prefix Register (IVPR) and the Interrupt Vector Offset Registers
(IVORO0-IVOR15, IVOR32-1VORXxx). These registers together provide the address of the
interrupt handler for different classes of interrupts.

— Save/Restore Register 0 (SRR0). The SRRO register is used to save machine state on a
non-critical interrupt, and contains the address of the instruction at which execution resumes
when an rfi instruction is executed at the end of a non-critical class interrupt handler routine.

— Critical Save/Restore register 0 (CSRRO0). The CSRRO register is used to save machine state on
a critical interrupt, and contains the address of the instruction at which execution resumes when
an rfci instruction is executed at the end of a critical class interrupt handler routine.

— Save/Restore register 1 (SRR1). The SRR1 register is used to save machine state from the MSR
on non-critical interrupts, and to restore machine state when rfi executes.

— Critical Save/Restore register 1 (CSRR1). The CSRRL1 register is used to save machine state
from the MSR on critical interrupts, and to restore machine state when rfci executes.

» Debug facility registers
— Debug Control Registers (DBCR0-DBCR?2). These registers provide control for enabling and
configuring debug events.
— Debug Status Register (DBSR). This register contains debug event status.

— Instruction Address Compare registers (IAC1-1AC4). These registers contain addresses and/or
masks which are used to specify Instruction Address Compare debug events.

— Data address compare registers (DAC1-2). These registers contain addresses and/or masks
which are used to specify Data Address Compare debug events.

— €200 does not implement the Data Value Compare registers (DVC1 and DVC?2).
» Timer Registers
— The clock inputs for the timers are connected to the internal system clock.

— Time base (TB). The TB is a 64-bit structure provided for maintaining the time of day and
operating interval timers. The TB consists of two 32-bit registers, Time Base Upper (TBU) and
Time Base Lower (TBL). The Time Base registers can be written to only by supervisor-level
software, but can be read by both user and supervisor-level software.

— Decrementer register (DEC). This register is a 32-bit decrementing counter that provides a
mechanism for causing a decrementer exception after a programmable delay.

— Decrementer Auto-Reload (DECAR). This register is provided to support the auto-reload
feature of the Decrementer.

— Timer Control Register (TCR). This register controls Decrementer, Fixed-Interval Timer, and
Watchdog Timer options.

— Timer Status Register (TSR). This register contains status on timer events and the most recent
Watchdog Timer-initiated processor reset.

More details about these registers can be found in the PowerPC Book E architecture specifications.
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3.7.2 e200-specific Registers

The PowerPC Book E architecture allows implementation-specific registers. Those incorporated in the
€200 core are described in the following sections.

3.7.21 User-level Registers
The user-level registers can be accessed by all software with either user or supervisor privileges. They
include the following:

» Signal Processing Extension APU status and control register (SPEFSCR). The SPEFSCR contains
all fixed-point and floating-point exception signal bits, exception summary bits, exception enable
bits, and rounding control bits needed for compliance with the IEEE 754 standard.

» The L1 Cache Configuration register (LLCFGO0). This read-only register allows software to query
the configuration of the L1 cache.

3.7.2.2 Supervisor-level Registers
The following supervisor-level registers are defined in €200 in addition to the PowerPC Book E registers
described above:

» Configuration Registers

— Hardware implementation-dependent register 0 (HIDO). This register controls various
processor and system functions.

— Hardware implementation-dependent register 1 (HID1). This register controls various
processor and system functions.

» Exception Handling and Control Registers

— Machine Check Syndrome register (MCSR). This register provides a syndrome to differentiate
between the different kinds of conditions which can generate a Machine Check.

— Debug Save/Restore register 0 (DSRRO0). When enabled, the DSRRO register is used to save
the address of the instruction at which execution continues when rfdi executes at the end of a
debug interrupt handler routine.

— Debug Save/Restore register 1 (DSRR1). When enabled, the DSRR1 register is used to save
machine status on debug interrupts and to restore machine status when rfdi executes.

» Debug Facility Registers
— Debug Control Register 3 (DBCR3)—This register provides control for debug functions not
described in PowerPC Book E architecture.

— Debug Counter Register (DBCNT)—This register provides counter capability for debug
functions.

» Branch Unit Control and Status Register (BUCSR) controls operation of the optional BTB. If an
optional BTB is not present, this register returns all zeros.

» L1 Cache Configuration Register (LLCFGO) is a read-only register that allows software to query
the configuration of the L1 Cache. This register returns all zeros.

* MMU Configuration Register (MMUCFGQG) is a read-only register that allows software to query the
configuration of the MMU.
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* Memory Management Unit Registers

— MMU Assist (MASO-MAS4, MASG) registers. These registers provide the interface to the core
from the Memory Management Unit.

— MMU Control and Status Register (MMUCSRO) controls invalidation of the MMU.

— TLB Configuration Registers (TLBOCFG, TLB1CFG) are read-only registers that allow
software to query the configuration of the TLBs.

» System version register (SVR). This register is a read-only register that identifies the version
(model) and revision level of the System which includes an e200 PowerPC processor.

It is not guaranteed that the implementation of e200 core-specific registers is consistent among PowerPC
processors, although other processors can implement similar or identical registers. More details about
these registers are in the e200z3 PowerPC Core Reference Manual.

3.8 Signal Processing Extension APU (SPE APU)

3.8.1 Overview

The 20023 core provides a register file with thirty-two 64-bit registers. The PowerPC 32-bit Book E
instructions operate on the lower (least significant) 32 bits of the 64-bit register. New SPE instructions are
defined that view the 64-bit register as being composed of a vector of two 32-bit elements, and some of
the instructions also read or write 16-bit elements. These new instructions can also be used to perform
scalar operations by ignoring the results of the upper 32-bit half of the register file. Some instructions are
defined that produce a 64-bit scalar result. Vector fixed-point instructions operate on a vector of two 32-bit
or four 16-bit fixed-point numbers resident in the 64-bit GPRs. Vector floating-point instructions operate
on a vector of two 32-bit single-precision floating-point numbers resident in the 64-bit GPRs. Scalar
floating-point instructions operate on the lower half of GPRs. These single-precision floating-point
instructions do not have a separate register file; there is a single shared register file for all instructions. The
SPE and Book E instructions issue from a single instruction stream. Figure 3-7 shows two different
representations of the 64-bit GPRs. The shaded half is the only region operated on by the 32-bit PowerPC
instructions.

0 31 32 63

GPRx Upper/Most Significant Word Lower/Least Significant Word

0 15 16 31 32 47 48 63

GPRx

Figure 3-7. 64-bit General Purpose Registers

3.8.2 SPE Programming Model

Not all SPE instructions record events such as overflow, saturation and negative/positive result. See the
description of the individual SPE instruction in the e200z3 PowerPC Core Reference Manual for
information on which conditions are recorded and where they are recorded. Most SPE instructions record
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conditions to the SPEFSCR. Vector compare instructions store the result of the comparison into the
condition register (CR).

The e200z3 core has a 64-bit architectural accumulator register that holds the results of the SPE multiply
accumulate (MAC) fixed-point instructions. The accumulator allows back-to-back execution of dependent
fixed-point MAC instructions, something that is found in the inner loops of DSP code such as filters. The
accumulator is partially visible to the programmer in that its results do not have to be explicitly read to use
them. Instead, they are always copied into a 64-bit destination GPR specified as part of the instruction. The
accumulator however, has to be explicitly cleared when starting a new MAC loop. Based upon the type of
instruction, an accumulator can hold either a single 64-bit value or a vector of two 32-bit elements.

3.9 Instruction Summary

In addition to the PowerPC Book E instructions, the MPC5534 supports €200 core specific instructions,
SPE APU instructions and VLE instructions.

See the PowerPC Microprocessor Family: The Programming Environment for 32-bit Microprocessors,
the e200z3 PowerPC Core Reference Manual and the Variable-Length Encoding (VLE) Extension
Programming Interface Manual documents.

3.9.1 SPE APU Simple and Complex Integer Instructions

The SPE APU supports both scalar and vector integer instructions. The instructions are grouped into two
categories according to the latency and throughput; Simple Integer Instructions and Complex Integer
Instructions.

The SPE APU Simple Integer Instructions perform operations such as addition, subtraction, logical
operations, rotate, shift, compare, round, merge and swap, and sign or zero-extend. Table 3-4 briefly
describes the SPE Simple Integer Instructions.

Table 3-4. SPE Simple Integer Instructions

Instruction Description
brinc Bit Reversed Increment
evabs Vector Absolute Value
evaddiw Vector Add Immediate Word
evaddw Vector Add Word
evand Vector AND
evandc Vector AND with Complement
evempeq Vector Compare Equal
evempgts Vector Compare Greater Than Signed
evempgtu Vector Compare Greater Than Unsigned
evemplts Vector Compare Less Than Signed
evcmpltu Vector Compare Less Than Unsigned
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Table 3-4. SPE Simple Integer Instructions (continued)

Instruction Description
eventlsw Vector Count Leading Sign Bits Word
eventlzw Vector Count Leading Zeros Word
evdivws Vector Divide Word Signed
evdivwu Vector Divide Word Unsigned
eveqv Vector Equivalent
evextsb Vector Extend Sign Byte
evextsh Vector Extend Sign Half Word
evmergehi Vector Merge High
evmergehilo Vector Merge High/Low
evmergelo Vector Merge Low
evmergelohi Vector Merge Low/High
evnand Vector NAND
evneg Vector Negate
evnor Vector NOR
evor Vector OR
evorc Vector OR with Complement
evrlw Vector Rotate Left Word
evrlwi Vector Rotate Left Word Immediate
evrndw Vector Round Word
evsel Vector Select
evslw Vector Shift Left Word
evslwi Vector Shift Left Word Immediate
evsplatfi Vector Splat Fractional Immediate
evsplati Vector Splat Immediate
evsrwis Vector Shift Right Word Immediate Signed
evsrwiu Vector Shift Right Word Immediate Unsigned
evsrws Vector Shift Right Word Signed
evsrwu Vector Shift Right Word Unsigned
evsubfw Vector Subtract from Word
evsubifw Vector Subtract Immediate from Word
evxor Vector XOR
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The SPE APU Complex Integer Instructions perform operations such as multiplication, division, and
multiply and accumulate. Table 3-5 briefly describes the SPE Complex Integer Instructions.

Table 3-5. SPE Complex Integer Instructions

Instruction

Description

evaddsmiaaw

Vector Add Signed, Modulo, Integer to Accumulator Word

evaddssiaaw

Vector Add Signed, Saturate, Integer to Accumulator Word

evaddumiaaw

Vector Add Unsigned, Modulo, Integer to Accumulator Word

evaddusiaaw

Vector Add Unsigned, Saturate, Integer to Accumulator Word

evdivws Vector Divide Word Signed

evdivwu Vector Divide Word Unsigned

evmhegsmfaa Vector Multiply Half Words, Even, Guarded, Signed, Modulo, Fractional and Accumulate
evmhegsmfan Vector Multiply Half Words, Even, Guarded, Signed, Modulo, Fractional and Accumulate Negative

evmhegsmiaa

Vector Multiply Half Words, Even, Guarded, Signed, Modulo, Integer and Accumulate

evmhegsmian

Vector Multiply Half Words, Even, Guarded, Signed, Modulo, Integer and Accumulate Negative

evmhegumiaa

Vector Multiply Half Words, Even, Guarded, Unsigned, Modulo, Integer and Accumulate

evmhegumian

Vector Multiply Half Words, Even, Guarded, Unsigned, Modulo, Integer and Accumulate Negative

evmhesmf Vector Multiply Half Words, Even, Signed, Modulo, Fractional

evmhesmfa Vector Multiply Half Words, Even, Signed, Modulo, Fractional, to Accumulator

evmhesmfaaw Vector Multiply Half Words, Even, Signed, Modulo, Fractional and Accumulate into Words
evmhesmfanw Vector Multiply Half Words, Even, Signed, Modulo, Fractional and Accumulate Negative into Words
evmhesmi Vector Multiply Half Words, Even, Signed, Modulo, Integer

evmhesmia Vector Multiply Half Words, Even, Signed, Modulo, Integer, to Accumulator

evmhesmiaaw

Vector Multiply Half Words, Even, Signed, Modulo, Integer and Accumulate into Words

evmhesmianw

Vector Multiply Half Words, Even, Signed, Modulo, Integer and Accumulate Negative into Words

evmhessf Vector Multiply Half Words, Even, Signed, Saturate, Fractional

evmhessfa Vector Multiply Half Words, Even, Signed, Saturate, Fractional, to Accumulator

evmhessfaaw Vector Multiply Half Words, Even, Signed, Saturate, Fractional and Accumulate into Words
evmhessfanw Vector Multiply Half Words, Even, Signed, Saturate, Fractional and Accumulate Negative into Words

evmhessiaaw

Vector Multiply Half Words, Even, Signed, Saturate, Integer and Accumulate into Words

evmhessianw

Vector Multiply Half Words, Even, Signed, Saturate, Integer and Accumulate Negative into Words

evmheumi

Vector Multiply Half Words, Even, Unsigned, Modulo, Integer

evmheumia

Vector Multiply Half Words, Even, Unsigned, Modulo, Integer, to Accumulator

evmheumiaaw

Vector Multiply Half Words, Even, Unsigned, Modulo, Integer and Accumulate into Words

evmheumianw

Vector Multiply Half Words, Even, Unsigned, Modulo, Integer and Accumulate Negative into Words

evmheusiaaw

Vector Multiply Half Words, Even, Unsigned, Saturate, Integer and Accumulate into Words
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Table 3-5. SPE Complex Integer Instructions (continued)

Instruction Description
evmheusianw Vector Multiply Half Words, Even, Unsigned, Saturate, Integer and Accumulate Negative into Words
evmhogsmfaa Multiply Half Words, Odd, Guarded, Signed, Modulo, Fractional and Accumulate
evmhogsmfan Multiply Half Words, Odd, Guarded, Signed, Modulo, Fractional and Accumulate Negative

evmhogsmiaa

Multiply Half Words, Odd, Guarded, Signed, Modulo, Integer and Accumulate

evmhogsmian

Multiply Half Words, Odd, Guarded, Signed, Modulo, Integer and Accumulate Negative

evmhogumiaa

Multiply Half Words, Odd, Guarded, Unsigned, Modulo, Integer and Accumulate

evmhogumian

Multiply Half Words, Odd, Guarded, Unsigned, Modulo, Integer and Accumulate Negative

evmhosmf Vector Multiply Half Words, Odd, Signed, Modulo, Fractional

evmhosmfa Vector Multiply Half Words, Odd, Signed, Modulo, Fractional, to Accumulator

evmhosmfaaw Vector Multiply Half Words, Odd, Signed, Saturate, Fractional and Accumulate into Words
evmhosmfanw Vector Multiply Half Words, Odd, Signed, Saturate, Fractional and Accumulate Negative into Words
evmhosmi Vector Multiply Half Words, Odd, Signed, Modulo, Integer

evmhosmia Vector Multiply Half Words, Odd, Signed, Modulo, Integer, to Accumulator

evmhosmiaaw

Vector Multiply Half Words, Odd, Signed, Modulo, Integer and Accumulate into Words

evmhosmianw

Vector Multiply Half Words, Odd, Signed, Modulo, Integer and Accumulate Negative into Words

evmhossf Vector Multiply Half Words, Odd, Signed, Saturate, Fractional

evmhossfa Vector Multiply Half Words, Odd, Signed, Saturate, Fractional, to Accumulator

evmhossfaaw Vector Multiply Half Words, Odd, Signed, Saturate, Fractional and Accumulate into Words
evmhossfanw Vector Multiply Half Words, Odd, Signed, Saturate, Fractional and Accumulate Negative into Words

evmhossiaaw

Vector Multiply Half Words, Odd, Signed, Saturate, Integer and Accumulate into Words

evmhossianw

Vector Multiply Half Words, Odd, Signed, Saturate, Integer and Accumulate Negative into Words

evmhoumi

Vector Multiply Half Words, Odd, Unsigned, Modulo, Integer

evmhoumia

Vector Multiply Half Words, Odd, Unsigned, Modulo, Integer, to Accumulator

evmhoumiaaw

Vector Multiply Half Words, Odd, Unsigned, Modulo, Integer and Accumulate into Words

evmhoumianw

Vector Multiply Half Words, Odd, Unsigned, Modulo, Integer and Accumulate Negative into Words

evmhousiaaw

Vector Multiply Half Words, Odd, Unsigned, Saturate, Integer and Accumulate into Words

evmhousianw

Vector Multiply Half Words, Odd, Unsigned, Saturate, Integer and Accumulate Negative into Words

evmra Move Register to Accumulator

evmwhsmf Vector Multiply Word High Signed, Modulo, Fractional

evmwhsmfa Vector Multiply Word High Signed, Modulo, Fractional, to Accumulator
evmwhsmi Vector Multiply Word High Signed, Modulo, Integer

evmwhsmia Vector Multiply Word High Signed, Modulo, Integer, to Accumulator
evmwhssf Vector Multiply Word High Signed, Saturate, Fractional
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Table 3-5. SPE Complex Integer Instructions (continued)

Instruction Description
evmwhssfa Vector Multiply Word High Signed, Saturate, Fractional, to Accumulator
evmwhumi Vector Multiply Word High Unsigned, Modulo, Integer
evmwhumia Vector Multiply Word High Unsigned, Modulo, Integer, to Accumulator
evmwlIsmf Vector Multiply Word Low Signed, Modulo, Fractional
evmwlsmfa Vector Multiply Word Low Signed, Modulo, Fractional, to Accumulator
evmwlsmfaaw Vector Multiply Word Low Signed, Modulo, Fractional and Accumulate in Words
evmwlsmfanw Vector Multiply Word Low Signed, Modulo, Fractional and Accumulate Negative in Words

evmwlsmiaaw

Vector Multiply Word Low Signed, Modulo, Integer and Accumulate in Words

evmwlsmianw

Vector Multiply Word Low Signed, Modulo, Integer and Accumulate Negative in Word

evmwlssf Vector Multiply Word Low Signed, Saturate, Fractional

evmwlssfa Vector Multiply Word Low Signed, Saturate, Fractional, to Accumulator

evmwlssfaaw Vector Multiply Word Low Signed, Saturate, Fractional and Accumulate in Words
evmwlssfanw Vector Multiply Word Low Signed, Saturate, Fractional and Accumulate Negative in Words

evmwlissiaaw

Vector Multiply Word Low Signed, Saturate, Integer and Accumulate in Words

evmwlissianw

Vector Multiply Word Low Signed, Saturate, Integer and Accumulate Negative in Words

evmwlumi

Vector Multiply Word Low Unsigned, Modulo, Integer

evmwlumia

Vector Multiply Word Low Unsigned, Modulo, Integer, to Accumulator

evmwlumiaaw

Vector Multiply Word Low Unsigned, Modulo, Integer and Accumulate in Words

evmwlumianw

Vector Multiply Word Low Unsigned, Modulo, Integer and Accumulate Negative in Words

evmwlusiaaw

Vector Multiply Word Low Unsigned, Saturate, Integer and Accumulate in Words

evmwlusianw

Vector Multiply Word Low Unsigned, Saturate, Integer and Accumulate Negative in Words

evmwsmf Vector Multiply Word Signed, Modulo, Fractional

evmwsmfa Vector Multiply Word Signed, Modulo, Fractional, to Accumulator
evmwsmfaa Vector Multiply Word Signed, Modulo, Fractional and Accumulate
evmwsmfan Vector Multiply Word Signed, Modulo, Fractional and Accumulate Negative
evmwsmi Vector Multiply Word Signed, Modulo, Integer

evmwsmia Vector Multiply Word Signed, Modulo, Integer, to Accumulator

evmwsmiaa Vector Multiply Word Signed, Modulo, Integer and Accumulate
evmwsmian Vector Multiply Word Signed, Modulo, Integer and Accumulate Negative
evmwssf Vector Multiply Word Signed, Saturate, Fractional

evmwssfa Vector Multiply Word Signed, Saturate, Fractional, to Accumulator
evmwssfaa Vector Multiply Word Signed, Saturate, Fractional and Accumulate
evmwssfan Vector Multiply Word Signed, Saturate, Fractional and Accumulate Negative
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Table 3-5. SPE Complex Integer Instructions (continued)

Instruction Description
evmwumi Vector Multiply Word Unsigned, Modulo, Integer
evmwumia Vector Multiply Word Unsigned, Modulo, Integer, to Accumulator
evmwumiaa Vector Multiply Word Unsigned, Modulo, Integer and Accumulate
evmwumian Vector Multiply Word Unsigned, Modulo, Integer and Accumulate Negative
evsubfsmiaaw Vector Subtract Signed, Modulo, Integer to Accumulator Word
evsubfssiaaw Vector Subtract Signed, Saturate, Integer to Accumulator Word
evsubfumiaaw Vector Subtract Unsigned, Modulo, Integer to Accumulator Word
evsubfusiaaw Vector Subtract Unsigned, Saturate, Integer to Accumulator Word

3.9.2 SPE APU Scalar and Vector Floating Point Instructions

Support for a single precision floating point format is implemented in the SPE APU. The single precision
format consists of a sign bit, an 8-bit exponent, and a 23-bit fraction. The floating point instructions can
operate on both of the 32-bit fields in the 64-bit GPRs e.g. two pairs of single precision floating point
numbers can be multiplied simultaneously. The supported floating point operations include: add, subtract,
compare/test, multiply, and divide.

The SPE unit in the €200 implements several instructions to facilitate converting between floating point
and fixed point formats. Various fixed point formats are supported including signed and unsigned, integer
and fractional formats. Table 3-6 briefly describes the SPE Scalar Floating Point and Conversion
Instructions.

Table 3-6. SPE Scalar Floating Point and Conversion Instructions

Instruction Description
efsabs Floating-Point Absolute Value
efsadd Floating-Point Add
efscfsf Convert Floating-Point from Signed Fraction
efscfsi Convert Floating-Point from Signed Integer
efscfuf Convert Floating-Point from Unsigned Fraction
efscfui Convert Floating-Point from Unsigned Integer
efscmpeq Floating-Point Compare Equal
efscmpgt Floating-Point Compare Greater Than
efscmplt Floating-Point Compare Less Than
efsctsf Convert Floating-Point to Signed Fraction
efsctsi Convert Floating-Point to Signed Integer
efsctsiz Convert Floating-Point to Signed Integer with Round toward Zero
efsctuf Convert Floating-Point to Unsigned Fraction
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Table 3-6. SPE Scalar Floating Point and Conversion Instructions (continued)

Instruction

Description

efsctui

Convert Floating-Point to Unsigned Integer

efsctuiz

Convert Floating-Point to Unsigned Integer with Round toward Zero

efsdiv

Floating-Point Divide

efsmul

Floating-Point Multiply

efsnabs

Floating-Point Negative Absolute Value

efsneg

Floating-Point Negate

efssub

Floating-Point Subtract

efststeq

Floating-Point Test Equal

efststgt

Floating-Point Test Greater Than

efststlt

Floating-Point Test Less Than

efsabs

Floating-Point Absolute Value

efsadd

Floating-Point Add

efscfsf

Convert Floating-Point from Signed Fraction

efscfsi

Convert Floating-Point from Signed Integer

efscfuf

Convert Floating-Point from Unsigned Fraction

efscfui

Convert Floating-Point from Unsigned Integer

efscmpeq

Floating-Point Compare Equal

Table 3-7 briefly describes the SPE Vector Floating Point and Conversion Instructions.

Table 3-7. SPE Vector Floating Point and Conversion Instructions

Instruction Description
evfsabs Vector Floating-Point Absolute Value
evfsadd Vector Floating-Point Add
evfscfsf Vector Convert Floating-Point from Signed Fraction
evfscfsi Vector Convert Floating-Point from Signed Integer
evfscfuf Vector Convert Floating-Point from Unsigned Fraction
evfscfui Vector Convert Floating-Point from Unsigned Integer
evfscmpeq Vector Floating-Point Compare Equal
evfscmpgt Vector Floating-Point Compare Greater Than
evfscmplt Vector Floating-Point Compare Less Than
evfsctsf Vector Convert Floating-Point to Signed Fraction
evfsctsi Vector Convert Floating-Point to Signed Integer
evfsctsiz Vector Convert Floating-Point to Signed Integer with Round toward Zero
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3.9.3

Table 3-7. SPE Vector Floating Point and Conversion Instructions (continued)

Instruction Description
evfsctuf Vector Convert Floating-Point to Unsigned Fraction
evfsctui Vector Convert Floating-Point to Unsigned Integer
evfsctuiz Vector Convert Floating-Point to Unsigned Integer with Round toward Zero
evfsdiv Vector Floating-Point Divide
evfsmul Vector Floating-Point Multiply
evfsnabs Vector Floating-Point Negative Absolute Value
evfsneg Vector Floating-Point Negate
evfssub Vector Floating-Point Subtract
evfststeq Vector Floating-Point Test Equal
evfststgt Vector Floating-Point Test Greater Than
evfststlt Vector Floating-Point Test Less Than

SPE APU Load and Store Instructions

To effectively operate on the 64-bit register file, the SPE APU supports load and store instructions that
handle up to 64 bits at the time. These 64 bits can be interpreted as two words or four half-words depending
on the instruction as shown in Figure 3-7.

Every Vector Load/Store instruction has an indexed and a non-indexed version. The mnemonic for the
indexed version is appended with an X’ to indicate an indexed instruction. For example the indexed
version of the evldd instruction is evliddx. Table 3-8 briefly describes the SPE Load and Store Instructions.

Table 3-8. SPE Load and Store Instructions

Instruction Description
evldd Vector Load Double into Double
evidh Vector Load Double into Halfwords
evldw Vector Load Double into Words
evlhhesplat Vector Load Halfword into Halfword Even and Splat

evlhhossplat

Vector Load Halfword into Halfword Odd Signed and Splat

evlhhousplat

Vector Load Halfword into Halfword Odd Unsigned and Splat

evlwhe Vector Load Word into Halfwords Even

evlwhos Vector Load Word into Halfwords Odd Signed (with sign extension)
evlwhou Vector Load Word into Halfwords Odd Unsigned (zero-extended)
evlwhsplat Vector Load Word into Halfwords and Splat

evlwwsplat Vector Load Word into Word and Splat

evstdd Vector Store Double of Double
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Table 3-8. SPE Load and Store Instructions (continued)

Instruction Description
evstdh Vector Store Double of Four Halfwords
evstdw Vector Store Double of Two Words
evstwhe Vector Store Word of Two Halfwords from Even
evstwho Vector Store Word of Two Halfwords from Odd
evstwwe Vector Store Word of Word from Even
evstwwo Vector Store Word of Word from Odd

3.10 Book E Instruction Extensions—VLE

The variable length encoding (VLE) provides an extension to 32-bit PowerPC Book E. There are
additional operations defined using an alternate instruction encoding to enable reduced code footprint.
This alternate encoding set is selected on an instruction page basis. A single page attribute bit selects
between standard PowerPC Book E instruction encodings and VLE instructions for that page of memory.
This page attribute is an extension to the PowerPC Book E page attributes. Pages can be freely intermixed,
allowing for a mixture of code using both types of encodings.

Instruction encodings in pages marked as using the VLE extension are either 16 or 32 bits, and are aligned
on 16-bit boundaries. Therefore, all instruction pages marked as VLE are required to use big-endian byte
ordering.

This section describes the various extensions to Book E instructions to support the VLE extension.

rfci, rfdi, rfi—no longer mask bit 62 of CSRR0, DSRRO, or SRRO respectively. The destination address
is [D,C]SRRO0[32:62] || ObO.

bclr, belrl, beetr, beetrl—no longer mask bit 62 of the LR or CTR respectively. The destination address
is [LR,CTR][32:62] || ObO.
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Chapter 4
Reset

4.1 Introduction

The following reset sources are supported in this device:
* Power-on reset
» External reset (324 package only)
* Loss-of-lock reset
» Loss-of-clock reset
* Watchdog timer/debug reset
o JTAG reset
» Checkstop reset
» Software system reset
» Software external reset (324 package only)

The reset status register (SIU_RSR) gives the source of the last reset and indicates whether a glitch
occurred on the RESET pin. The SIU_RSR is updated for all reset sources.

All reset sources are processed by the reset controller, which is located in the SIU module. The reset
controller monitors the reset input sources and when a reset event is detected, resets the internal logic and
controls the assertion of the RSTOUT pin. All reset sources invoke the boot assist module (BAM)
program, except for the software external reset.

You can assert the RSTOUT signal by setting the SER bit in the SIU_SRCR to 1. The PLL configuration
determines the number of system clocks® the RSTOUT signal is asserted. This does not reset the MCU.
All other reset sources initiate an internal reset of the MCU.

For more information, see Section 4.2.2, “Reset Output (RSTOUT)”.

For all reset sources, use the BOOTCFG[0:1] signals to determine the boot mode and the PLLCFG[0:1]
signals to determine the FMPLL configuration. If the RSTCFG pin is asserted during reset, the values on
the BOOTCFG[0:1] pins are latched in the SIU_RSR four clock cycles before the RSTOUT pin deasserts,
determining the boot mode. The values on the PLLCFGJ0:1] pins are latched when the RSTOUT pin
deasserts, determining the configuration of the FMPLL. If the RSTCFG pin deasserts during reset, the
FMPLL defaults to normal operation (PLL enabled) with a crystal reference, and the boot mode (latched
in the SIU_RSR) defaults to internal boot from flash.

1. Unless noted otherwise, the use of ‘clock’ or ‘clocks’ in this section is a reference to the system clock.
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208 Package: BOOTCFG[0] and RSTCFG signals are not available due to pin limitations and are
internally asserted (driven to 0). Therefore, the BOOTCFG[1] and PLLCFGJ[0:1] pins
are always sampled.

The state of the BOOTCFG[0:1] pins specifies the location of the RCHW (internal flash or external
memory), or that the MCU is configured to boot from a serial (eSCI) or FlexCAN port. See Chapter 2,
“Signals” a complete description of the BOOTCFG[0:1].

The BAM program reads the values of the BOOTCFG[0:1] pins from the SIU_RSR, then reads the RCHW
from the specified location and uses the RCHW value to determine and execute the specified boot
procedure. See Section 4.4.3, “Reset Configuration and Configuration Pins,” for a complete description.

The reset status register (SIU_RSR) gives the source of the last reset and indicates whether a glitch
occurred on the RESET pin. The SIU_RSR is updated for all reset sources.

The reset configuration half word (RCHW) provides several basic functions at reset:
» Locates the boot code
» Configures flash memory to either program or erase
» Enables or disables the watchdog timer
» Configures the MMU to boot: classic PowerPC Book E code or Freescale VLE code
» Sets the bus size (external boot only)

208 Package: BOOTCFG[0] is not available due to pin limitations and is internally asserted
(driven to 0).

4.2 External Signal Description

4.2.1 Reset Input (RESET)

Assert the RESET pin as an active low input by an external device during a power-on or external reset.
The RESET pin must assert for at least 10 clock cycles to assert the internal reset signal. Assertion of the
RESET pin while the device is in reset restarts the reset cycle. The RESET pin has a glitch detector to
detect spikes more than two clocks in duration that fall below the switch point of the input buffer logic.

4.2.2 Reset Output (RSTOUT)

The RSTOUT pin is an active low output that uses a push/pull configuration. The RSTOUT pin is driven
to the low state by the MCU for all internal and external reset sources.

After the RESET input deasserts, if the PLL is configured for 1:1 (dual controller) mode or bypass mode,
the RSTOUT signal asserts for 16000 clocks, plus four clocks for sampling the configuration pins. If the
PLL is configured for another operating mode, the RSTOUT signal asserts for 2400 clocks, plus four
clocks for sampling of the configuration pins. See Section 11.1.4, “FMPLL Modes of Operation” for
details of PLL configuration.

Writing a one to the SER bit of the system reset control register (SIU_SRCR) asserts the RSTOUT pin.

MPC5534 Microcontroller Reference Manual, Rev. 2
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NOTE
During a power on reset, RSTOUT is tri-stated.

4.2.3 Reset Configuration (RSTCFG)

The RSTCFG input is used to enable the BOOTCFG[0:1] and PLLCFG[0:1] pins during reset. If RSTCFG
deasserts during reset, the BOOTCFG and PLLCFG pins are not sampled when RSTOUT deasserts. In that
case, the default values for BOOTCFG and PLLCFG are used. If RSTCFG asserts during reset, the values
on the BOOTCFG and PLLCFG pins are sampled and used to configure the boot and FMPLL modes.

208 Package: BOOTCFG[0] and RSTCFG signals are not available due to pin limitations and are
internally asserted (driven to 0). Therefore, the BOOTCFGJ[1] and PLLCFG[0:1] pins
are always sampled.

4.2.4 Weak Pull Configuration (WKPCFQG)

WKPCFG determines whether specified eTPU and eMIOS pins are connected to a weak pullup or weak
pulldown during and immediately after reset.

4.2.5 Boot Configuration (BOOTCFG[0:1])

BOOTCFG determines the function and state of the foIIowing_pins after_exgjtio_n of the BAM reset:
CSJ[0, 2:3], ADDR][8:31], DATA[0:15], RD_WR, BDIP, WE/BE[0:1], OE, TS, TA.

208 Package: BOOTCFG[0] is not available due to pin limitations and is internally asserted
(driven to 0). CS[1:3] are not available due to pin limitations in the 208 package.

4.3 Memory Map/Register Definition

Table 4-1 summarizes the reset controller registers. The base address of the system integration unit is
0xC3F9_0000.

Table 4-1. Reset Controller Memory Map

Address Register Name Register Description Bits
Base (0xC3F9_0000) + 0x000C SIU_RSR Reset status register 32
Base (0xC3F9_0000) + 0x0010 SIU_SRCR System reset control register 32
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4.3.1 Register Descriptions

This section describes all the reset controller registers. It includes details about the fields in each register,
the number of bits per field, the reset value of the register, and the function of the register.

43.1.1 Reset Status Register (SIU_RSR)

The reset status register (SIU_RSR) can be read at all times and contains a bit flag for each reset source,
as well as the source of the last reset. A reset source bit flag set to 1 indicates that type of reset occurred.
Simultaneous reset requests set more than one bit at the same time. Once set, the reset source bits in the
SIU_RSR remain set until another reset occurs, except for a software external reset.

A software external reset sets the SERF bit, but does not clear any previously set bits in the SIU_RSR.
For additional information about the SIU_RSR, see Section 6.4.1.2, “Reset Status Register (SIU_RSR).”

The SIU_RSR also contains the values latched at the last reset on the WKPCFG and BOOTCFGJ[0:1] pins
and a RESET input pin glitch flag. The reset glitch flag (RGF) is cleared to 0 by writing a 1 to the bit. A
write of 0 has no effect on the bit value.

208 Package: BOOTCFG[0] is not available due to pin limitations and is internally asserted
(driven to 0).

Address: Base + 0x000C Access: User R‘'W
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

R PORS‘ ERS ‘LLRS|LCRS WDRS‘ CRS | 0 \ 0 0 | 0 \ 0 \ 0 0 \ 0 \SSRS SERF

w wic
Reset! 1 0 0 0 ] 0 0 0 0 \ 0 0 0 0 \ 0 0 0 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

RIWKP ol ol o o] ool o] ol o] o] ol o]lBsoorcre |RaF

CFG
W wic

Reset —? 0 0 0 0 0 0 0 0 0 0 0 o 34 3 0

The RESET values for this register are defined for power-on reset only.
The RESET value of this bit or field is determined by the value latched on the associated pin or pins at the
deassertion of the last reset.

3 The RESET value of this bit or field is determined by the value latched on the associated pin or pins at the
deassertion of the last reset. On the 324 package, when RSTCFG is not asserted, a default value of 0b10 is loaded
into BOOTCFG.

4 208 Package: BOOTCFGIO0] is not available due to pin limitations and is internally asserted ((driven to 0).
Figure 4-1. Reset Status Register (SIU_RSR)
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Table 4-2. SIU_RSR Field Descriptions

Field Description
0 Power-on reset status
PORS 0 No power-on reset has occurred
1 A power-on reset has occurred
1 External reset status
ERS 0 No external reset has occurred
1 An external reset has occurred
The ERS bit is also set during a POR event
2 Loss-of-lock reset status
LLRS 0 No loss-of-lock reset has occurred
1 A loss-of-lock reset has occurred
3 Loss-of-clock reset status
LCRS 0 No loss-of-clock reset has occurred
1 A loss-of-clock reset has occurred due to a loss of the reference or failure of the FMPLL
4 Watchdog timer/debug reset status
WDRS 0 No watchdog timer or debug reset has occurred
1 A watchdog timer or debug reset has occurred
5 Checkstop reset status
CRS 0 No enabled checkstop reset has occurred
1 An enabled checkstop reset has occurred
6-13 Reserved
14 Software system reset status
SSRS 0 No software system reset has occurred.
1 A software system reset has occurred.
15 Software external reset flag. Write a 1 to clear this bit.
SERF 0 No software external reset has occurred
1 A software external reset has occurred
16 Weak pull configuration pin status
WKPCFG |0 WKPCFG pin latched during the last reset was logic 0 and weak pull down is the default setting
1 WKPCFG pin latched during the last reset was logic 1 and weak pull up is the default setting
17-28 Reserved
29-30 Reset configuration pin status. Holds the value of the BOOTCFGI[0:1] pins that was latched 4 clocks before
BOOTCFG | the last deassertion of the RSTOUT pin, if the RSTCFG pin was asserted. If the RSTCFG pin was deasserted
at the last deassertion of RSTOUT, the BOOTCFG field is set to the value 0b00. The BOOTCFG field is used
by the BAM program to determine the location of the reset configuration half word. See Section 4.4.3.5,
“Reset Configuration Half Word (RCHW),” for a translation of the reset configuration half word location from
the BOOTCFG field value.
208Package: BOOTCFG[0] and RSTCFG are not available due to pin limitations and are internally asserted
(driven to 0) in the 208 package. Therefore, BOOTCFG[1] and PLLCFG[0:1] are always
sampled.
31 RESET glitch flag. Set by the MCU when the RESET pin is asserted for more than 2 clocks clock cycles, but
RGF less than the minimum RESET assertion time of 10 consecutive clocks to cause a reset. This bit is cleared
by the reset controller for a valid assertion of the RESET pin or a power-on reset or a write of 1 to the bit.
0 No glitch was detected on the RESET pin
1 A glitch was detected on the RESET pin
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4.3.1.2 System Reset Control Register (SIU_SRCR)

The system reset control register (SIU_SRCR) allows software to generate either a software system reset
or software external reset. The software system reset causes an internal reset sequence, while the software
external reset only causes the external RSTOUT pin to be asserted. When written to 1, the SER bit
automatically clears after a predetermined number of clock cycles (see Section 4.2.2, “Reset Output
(RSTOUT)™). If the value of the SER bit is 1 and a 0 is written to the bit, the bit is cleared and the RSTOUT
pin is deasserted regardless of whether the relevant number of clocks has expired.

The CRE bit in the SIU_SRCR allows software to enable a checkstop reset. If enabled, a checkstop reset
occurs if the checkstop reset input to the reset controller asserts. The checkstop reset is enabled by default.

Address: Base + 0x0010 Access: User R/'W
0 1 2 3|4 5 6 7|8 9 10 11|12 13 14 15| 16 17 18 19|20 21 22 23(24 25 26 27|28 29 30 31
R ojo0|j0|0|0O|0O|O|O|O|O|O|O]|O]|O o|j0|0|0O|O|O|OfO|O|O|O|O|O|O|O

W SSR|SER CRE

Reset 0 0 00/00O0OO0OOGOUOO0OTO0OO/ 1" 00000000O0O0O0(0O0O0DO0
' The CRE bit is reset to 1 by POR. Other resets sources do not reset the bit value.

Figure 4-2. System Reset Control Register (SIU_SRCR)

Table 4-3. SIU_SRCR Field Descriptions

Field Description
0 Software system reset. Writing a 1 to this bit causes an internal reset and assertion of the RSTOUT pin. The
SSR bit is automatically cleared by all reset sources except the software external reset.

0 Do not generate a software system reset
1 Generate a software system reset

1 Software external reset. Writing a 1 to this bit causes an software external reset. The RSTOUT pin is
SER asserted for a predetermined number of clock cycles (see Section 4.2.2, “Reset Output (RSTOUT)”), but the
MCU is not reset. The bit is automatically cleared when the software external reset completes.
0 Do not generate an software external reset
1 Generate an software external reset

2-15 Reserved

16 Checkstop reset enable
CRE Writing a 1 to this bit enables a checkstop reset when the e200z3 core enters a checkstop state. The CRE
bit defaults to checkstop reset enabled. This bit is reset at POR.
0 No reset occurs when the e200z3 core enters a checkstop state
1 A reset occurs when the e200z3 core enters a checkstop state

17-31 Reserved
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4.4 Functional Description

4.4.1 Reset Vector Locations

The reset vector contains a pointer to the instruction where code execution begins after BAM execution.
The location of the reset vector is determined by boot mode, as illustrated in Table 4-4.
Table 4-4. Reset Vector Locations

Boot Mode Reset Vector Location

External Boot 0x0000_0004 (0x0000_0000 must have a valid RCHW)

Internal Boot Next word address after the first valid RCHW found. The BAM searches the lowest
address of each of the six low address space blocks in flash memory for a valid
RCHW. Hence, the possible reset vector locations are:

0x0000_0004

0x0000_4004

0x0001_0004

0x0001_C004

0x0002_0004

0x0003_0004

Serial Boot Specified over serial download

4.4.2 Reset Sources

4421 FMPLL Lock

A loss-of-lock of the FMPLL can cause a reset (provided the reset source is enabled by the
FMPLL_SYNCR[LOLRE] bit). Regardless of the reset source, RESET remains asserted until the FMPLL
locks.

44.2.2 Flash High Voltage

There is no flash access gating signal implemented in this device. This device remains in RESET to
guarantee that high voltage circuits are reset and stabilized and that flash memory is accessible.

4.4.2.3 Reset Source Descriptions

For the following reset source descriptions see the reset flow diagrams in Figure 4-5 and Figure 4-6.
Figure 4-5 shows the reset flow for assertion of the RESET pin. Figure 4-6 shows the internal processing
of reset for all reset sources.

4.4.2.3.1 Power-on Reset

The power-on reset (POR) circuit is designed to detect a POR event and ensure that the RESET signal is
correctly sensed. Do not use the POR to detect falling power supply voltages. Ensure that the external
power supply is monitored. The output signals from the power-on reset circuits are active low signals. All
power-on reset output signals are combined into one POR signal at the Vpp level and input to the reset
controller.

MPC5534 Microcontroller Reference Manual, Rev. 2
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NOTE

Even though asserting the power-on reset (POR) signal causes a reset, you
must also assert the RESET pin at the same time to guarantee the MCU
operates correctly.

The PLLCFG[0:1] and RSTCFG pins determine the configuration of the FMPLL.

» IfRSTCFG is asserted when RSTOUT deasserts, the PLLCFGJ0:1] pins set the operating mode of
the FMPLL.

* If RSTCFG is asserted anytime that RSTOUT is asserted, the FMPLL switches to the mode
specified by the PLLCFG[0:1] pins.

The values on the RSTCFG and the PLLCFG[0:1] pins must be kept constant once RSTCFG asserts to
avoid transient mode changes in the FMPLL. If the reset configuration RSTCFG pin is in the deasserted
state when RSTOUT deasserts, the FMPLL defaults to enabled with a crystal reference. See Chapter 11,
“Frequency Modulated Phase Locked Loop and System Clocks (FMPLL),” for more details on the
operation of the FMPLL and the PLLCFG[0:1] pins.

The signal on the WKPCFG pin determines whether weak pullup or pulldown devices are enabled after
reset on the eTPU and eMIOS pins. The WKPCFG pin is applied when the internal reset signal asserts, as
indicated by the assertion of RSTOUT. See Figure 4-4 and Chapter 2, “Signals,” for more information on
WKPCFG and RSTOUT.

Once the RESET input pin deasserts, the reset controller checks if the FMPLL is locked. The internal reset
signal and RSTOUT remain asserted until the FMPLL is locked. After the FMPLL is locked, the reset
controller waits a predetermined number of clock cycles (See Section 4.2.2, “Reset Output (RSTOUT)”)
before deasserting the RSTOUT pin. The WKPCFG and BOOTCFG[0:1] pins (the BOOTCFG[0:1] pins
are sampled only if RSTCFG asserts) are sampled four clock cycles before RSTOUT deasserts, and the
reset status register (SIU_RSR) fields are updated. The PORS and ERS bits are set, and all other reset
status bits are cleared.

208 Package: BOOTCFG[0] and RSTCFG are not available due to pin limitations, and are internally
asserted (driven to 0). Therefore, BOOTCFG[1] and PLLCFG[O0:1] are always
sampled.

4.4.2.3.2 External Reset

The external reset feature is available on this device in the 324 package only, which has a 16-bit external
bus interface. The 208 package does not have EBI pins, therefore the external reset feature is not
supported.

When the reset controller detects assertion of the RESET pin, the internal reset signal and RSTOUT are
asserted. Starting at the assertion of the internal reset signal (as indicated by assertion of RSTOUT), the
value on the WKPCFG pin is applied; at the same time the PLLCFGJ0:1] values are applied if RSTCFG
is asserted. Once the RESET pin is deasserted and the FMPLL loss-of-lock request signal is deasserted,
the reset controller waits the predetermined number of clock cycles (see Section 4.2.2, “Reset Output
(RSTOUT)™).
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Once the clock count completes, the WKPCFG and BOOTCFG[0:1] pins are sampled (BOOTCFGJ0:1]
are sampled only if RSTCFG is asserted). The reset controller then waits four clock cycles before the
deasserting RSTOUT, and updates the fields in the SIU_RSR. In addition, the ERS bit is set, and all other
reset status bits in the SIU_RSR are cleared.

208 Package: There are no external bus interface (EBI) pins on this package.

4.4.2.3.3 Loss-of-Lock Reset

A loss-of-lock reset occurs when the FMPLL loses lock and the loss-of-lock reset enable (LOLRE) bit in
the FMPLL synthesizer control register (FMPLL_SYNCR) is set. Beginning when the internal reset
asserts, as indicated by the device reset signal (RSTOUT) asserting, the weak pull value is applied on the
WKPCFG pin. At the same time, the PLLCFG[0:1] values are applied if RSTCFG is asserted.

When the FMPLL locks, the reset controller waits until the predetermined clock count finishes and then
the WKPCFG and BOOTCFG[0:1] pins are sampled (BOOTCFG[0:1] pins are only sampled if RSTCFG
is asserted). The reset controller then waits four clock cycles before deasserting RSTOUT, and updating
the Reset Status Register (SIU_RSR) fields. In addition, the LLRS bit is set, and all other reset status bits
in the SIU_RSR are cleared.

208 Package: BOOTCFG[O0] is not available due to pin limitations and is internally asserted
(driven to 0).

For more information, see:

» Section 4.2.2, “Reset Output (RSTOUT)”
» Chapter 11, “Frequency Modulated Phase Locked Loop and System Clocks (FMPLL)”

4.4.2.3.4 Loss-of-Clock Reset

A loss-of-clock reset occurs when the FMPLL detects a failure in either the reference signal or FMPLL
output, and the loss-of-clock reset enable (LOCRE) bit in the FMPLL_SYNCR is set. The internal reset
signal is asserted (as indicated by assertion of RSTOUT). Starting at the assertion of the internal reset
signal (as indicated by assertion of RSTOUT), the value on the WKPCFG pin is applied; at the same time
the PLLCFG[0:1] values are applied if RSTCFG is asserted. Once the FMPLL has a clock and is locked,
the reset controller waits the predetermined clock cycles (See Section 4.2.2, “Reset Output (RSTOUT)”)
before deasserting RSTOUT. When the clock count finishes the WKPCFG and BOOTCFGJ0:1] pins are
sampled (BOOTCFG[0:1] pins are only sampled if RSTCFG is asserted). The reset controller then waits
4 clock cycles before the deasserting RSTOUT, and the associated bits/fields are updated in the SIU_RSR.
In addition, the LCRS bit is set, and all other reset status bits in the SIU_RSR are cleared. See

Section 11.4.2.6, “Loss-of-Clock Detection,” for more information on loss-of-clock.

208 Package: BOOTCFG[0] is not available due to pin limitations and is internally asserted
(driven to 0).
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4.4.2.3.5 Watchdog Timer/Debug Reset

The WDRS bit in the reset status register (SIU_RSR) is set when the watchdog timer or a debug request
reset occurs.
A watchdog timer reset occurs and the WDRS bit is set when all the following conditions occur:
» e200z3 core watchdog timer is enabled with the enable next watchdog timer (EWT)
» Watchdog timer interrupt status (WIS) bits are set in the timer status register (TSR)
» Watchdog reset control (WRC) field in the timer control register (TCR) is configured to reset
» Time-out occurs
The debug tool can issue a debug reset command by writing 2°b10 to the RST bit {DBCRO[2:3]} register

in the e200z3 core, which sets the WDRS bit in the reset status register of the systems integration unit
(SIU_RSR).

To determine if WDRS was set by a watchdog timer or debug reset, check the WRS field in the e200z3
core TSR.
The effect of a watchdog timer or debug reset request is the same on the reset controller.

The debug tool can also reset the device using one of the following methods:
* Debug tool asserts the RESET signal on the RESET _b pin
* Debug tool sets the software system reset (SSR) bit in the system reset control register
(SIU_SRCR)

The debug tool writes a one to the software external reset (SER) bit in the system reset control register
(SIU_SRCR) to generate an external software reset.
The device comes out of reset using the following sequence:

1. Starting when the internal reset signal asserts, as indicated by RSTOUT asserting, the value on the
WKPCFG pin is applied. At the same time, the PLLCFGJ0:1] values are applied only if RSTCFG
is asserted.

2. After the FMPLL is locked, the reset controller waits the predetermined number of clock cycles
before negating RSTOUT. When the clock count finishes, WKPCFG and BOOTCFG[0:1] are
sampled. BOOTCFGJO0:1] is only sampled if RSTCFG asserts.

3. The reset controller then waits four clock cycles before the deasserting RSTOUT, and then updates
the SIU_RSR. The WTRS bit is set and all other reset status bits in the SIU_RSR are cleared.

See the €200z3 Core Guide for more information on the watchdog timer and debug operation.
See Section 4.2.2, “Reset Output (RSTOUT).”

208 Package: BOOTCFG[0] is not available due to pin limitations and is internally asserted
(driven to 0).
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4.4.2.3.6 Checkstop Reset

When the e200z3 core enters a checkstop state, and the checkstop reset is enabled (the CRE bit in the
system reset control register (SIU_SRCR) is set), a checkstop reset occurs. Starting at the assertion of the
internal reset signal (as indicated by assertion of RSTOUT), the value on the WKPCFG pin is applied; at
the same time the PLLCFGJ0:1] values are applied if RSTCFG is asserted. Once the FMPLL is locked,
the reset controller waits a predetermined number of clock cycles (see Section 4.2.2, “Reset Output
(RSTOUT)”) before deasserting RSTOUT.When the clock count finishes the WKPCFG and
BOOTCFG[0:1] pins are sampled (the BOOTCFGJO0:1] pins are only sampled if RSTCFG is asserted).
The reset controller then waits four clock cycles before the deasserting RSTOUT, and the associated
bits/fields are updated in the SIU_RSR. In addition, the CRS bit is set, and all other reset status bits in the
SIU_RSR are cleared. See €200z3 Core Guide for more information.

208 Package: BOOTCFG[O0] is not available due to pin limitations and is internally asserted
(driven to 0).

4.4.2.3.7 JTAG Reset

A system reset occurs when JTAG is enabled and either the EXTEST, CLAMP, or HIGHZ instructions are
executed by the JTAG controller. When the internal reset signal asserts (indicated by RSTOUT asserting),
the value on the WKPCFG pin is applied, and at the same time, the PLLCFG[0:1] values are applied (as
long as RSTCFG is asserted).

When the JTAG reset request deasserts and the FMPLL is locked, the reset controller waits a
predetermined number of clock cycles before deasserting RSTOUT. When the clock count completes, the
WKPCFG and BOOTCFGJO0:1] pins are sampled (BOOTCFGJ[0:1] is sampled only if RSTCFG is
asserted), and the fields in the SIU_RSR are updated. The reset source status bits in the SIU_RSR are
unaffected.

See Section 4.2.2, “Reset Output (RSTOUT) and Chapter 23, “IEEE 1149.1 Test Access Port Controller
(JTAGC),” for more information.

208 Package: BOOTCFG[0] is not available due to pin limitations and is internally asserted
(driven to 0).

4.4.2.3.8 Software System Reset

A software system reset is caused by a write to the SSR bit in the system reset control register
(SIU_SRCR). A write of 1 to the SSR bit causes an internal reset of the MCU. The value on the WKPCFG
pin is applied when the internal reset signal asserts (indicated by RSTOUT asserting), and at the same time
the PLLCFGJO0:1] values are applied (as long as RSTCFG is asserted).

Once the FMPLL locks, the reset controller waits a predetermined number of clock cycles before
deasserting RSTOUT. When the clock count completes, the WKPCFG and BOOTCFGJ0:1] pins are
sampled (BOOTCFGJO0:1] is sampled only if RSTCFG is asserted). The reset controller then waits four
clock cycles before deasserting RSTOUT, and updates the fields in the SIU_RSR. In addition, the SSRS
bit is set, and all other reset status bits in the SIU_RSR are cleared.

See Section 4.2.2, “Reset Output (RSTOUT) for more information.
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208 Package: BOOTCFG[O0] is not available due to pin limitations and is internally asserted
(driven to 0).

4.4.2.3.9 Software External Reset

A write of 1 to the SER bit in the SIU_SRCR causes the external RSTOUT pin to be asserted for a
predetermined number of clocks (See Section 4.2.2, “Reset Output (RSTOUT)”). The SER bit
automatically clears after the clock cycle expires. A software external reset does not cause a reset of the
MCU, the BAM program is not executed, the PLLCFGJ[0:1], BOOTCFGJ0:1], and WKPCFG pins are not
sampled. The SERF bit in the SIU_RSR is set, but no other status bits are affected. The SERF bit in the
SIU_RSR is not automatically cleared after the clock count expires, and remains set until cleared by
software or another reset besides the software external reset occurs.

For a software external reset, the e200z3 core continues to execute instructions, timers that are enabled
continue to operate, and interrupt requests continue to be processed. It is the responsibility of the
application to ensure devices connected to RSTOUT are not accessed during a software external reset, and
to determine how to manage MCU resources.

208 Package: BOOTCFG[0] is not available due to pin limitations and is internally asserted
(driven to 0).

4.4.3 Reset Configuration and Configuration Pins

The microcontroller and the BAM perform a reset configuration that allows certain functions of the MCU
to be controlled and configured at reset. This reset configuration is defined by:

» Configuration pins

» Arreset configuration half word (RCHW), if present

» Serial port, if a serial boot is used

The following sections describe these configuration pins and the RCHW.

4.4.3.1 RSTCFG Pin

Table 4-5 shows the RSTCFG pin settings for configuring the MCU to use a default or a custom
configuration. See Chapter 2, “Signals” for more information about the RSTCFG pin.

Table 4-5. RSTCFG Settings

RSTCFG Description

1 Use default configuration of:
— booting from internal flash
— clock source is a crystal on FMPLL

0 Get configuration information from:
—BOOTCFG[0:1]
— PLLCFG[0:1]

MPC5534 Microcontroller Reference Manual, Rev. 2
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208 Package: BOOTCFG[0] and RSTCFG are not available due to pin limitations, and are internally
asserted (driven to 0). Therefore, BOOTCFG[1] and PLLCFG[O0:1] are always
sampled.

4.4.3.2 WKPCFG Pin (Reset Weak Pullup/Pulldown Configuration)

As shown in Table 4-6, the signal on the WKPCFG pin determines whether specific eTPU and eMIQOS pins
are connected to weak pullup or weak pulldown devices during and after reset (see Chapter 2, “Signals,”
for the eTPU and eMIQS pins that are affected by WKPCFG). For all reset sources except the software
external reset, the WKPCFG pin is applied starting at the assertion of the internal reset signal (as indicated
by the assertion of RSTOUT). If the WKPCFG signal is logic high at this time, pullup devices are enabled
on the eTPU and eMIQOS pins. If the WKPCFG signal is logic low at the assertion of the internal reset
signal, pulldown devices are enabled on those pins. The value on WKPCFG must be held constant during
reset to avoid oscillations on the eTPU and eMIOS pins caused by switching pullup and pulldown states.
The final value of WKPCFG is latched four clock cycles before the deassertion of RSTOUT. After reset,
software can modify the weak pullup and pulldown selections for all 1/O pins through the PCRs in the SIU.

Table 4-6. WKPCFG Settings

WKPCFG Description

0 Weak pull down applied to eTPU and eMIOS
pins at reset

1 Weak pull up applied to eTPU and eMIOS
pins at reset

Also see Chapter 2, “Signals” for information about the WKPCFG pin.

4.43.3 BOOTCFG[0:1] Pins (MCU Configuration)

In addition to specifying the RCHW location, the values latched on the BOOTCFG[0:1] pins at reset are
used to initialize the internal flash memory enabled/disabled state, and whether no arbitration or external
arbitration of the external bus interface is selected. Additionally, the RCHW can determine either directly
or indirectly how the MMU is configured, how the external bus is configured, CAN or eSCI module and
pin configuration, Nexus enabling, and password selection.

Also see Chapter 2, “Signals” for information about the BOOTCFG pins.

208 Package: BOOTCFG|O0] is not available due to pin limitations and is internally asserted
(driven to 0).

44.3.3.1 BOOTCFG[0:1] Configuration in the 208 Package

In the 208 BGA package, the BOOTCFGJ0] pin is unavailable and BOOTCFGJ1] has a constant value
based on PLLCFG[0]. The device configuration is mapped based on Table 4-7.

MPC5534 Microcontroller Reference Manual, Rev. 2
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Table 4-7. Boot Configuration in the 208 BGA

Bootldentifier
PLLCFGO | BOOTCFG1 Field Boot Mode Configuration Word Source
(RCHW)
Valid Internal The lowest address of one of the six low address spaces
0 (LAS) in internal flash memory.
0 Invalid Serial Not applicable
1 — Serial Not applicable
Reserved The lowest address (0x2000_0000) of an external memory
Valid device, enabled by chip select CS[0] using 16-bit data bus.
0
1 Invalid Reserved Not applicable
Reserved The lowest address (0x2000_0000) of an external memory
Valid device, enabled by chip select CS[0] using 16-bit data bus.
1
Invalid Serial boot Not applicable
4.43.4 PLLCFG[0:1] Pins

The role of PLLCFG pins in PLL configuration is explained in Section 11.1.4, “FMPLL Modes of

Operation.” Also see Chapter 2, “Signals” for information about the PLLCFG pins.
Table 4-8. PLLCFG[0:1] and RSTCFG in Configuration

RSTCFG | PLLCFG[0] | PLLCFG[1] Clock Mode MODE | PLLSEL | PLLREF

1 PLLCFG pins ignored Crystal reference (default) 1 1 1

0 0 0 Bypass mode 0 0 0

0 0 1 External reference 1 1 0

0 1 0 Crystal reference 1 1 1

0 1 1 Dual controller (1:1) mode 1 0 0
4.4.3.5 Reset Configuration Half Word (RCHW)
4.43.5.1 Reset Configuration Half Word (RCHW) Definition

The RCHW is read from either external memory or internal flash memory. If a valid RCHW is not found,
a CAN/SCI boot is initiated. The RCHW is a collection of control bits that specify a minimum MCU
configuration after reset and define the boot mode for the BAM program. At reset the RCHW provides a
means to locate the boot code, determines if flash memory is programmed or erased, enables or disables
the watchdog timer, configures the MMU to boot as either classic PowerPC Book E code or as Freescale
VLE code, and if booting externally, sets the bus size. See the register indicated by the RCHW bit
descriptions for a detailed description of each control bit.

NOTE

Do not configure the RCHW to a 32-bit bus size because the 324 package
has a 16-bit data bus. The 208 package does not have an external bus.

MPC5534 Microcontroller Reference Manual, Rev. 2
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If booting from internal flash or external memory, you must ensure that the RCHW is configured for the
correct value and memory address. The boot ID of the RCHW must be read as 0OX005A.
BOOT_BLOCK_ADDRESS is explained in Section 15.3.2.3.4, “Read the Reset Configuration
Halfword.”

The fields of the RCHW are shown in Figure 4-3.

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
WTE | PS[0] | VLE 0 1 0 1 1 0 1 0

Boot Identifier = 0x005A
BOOT_BLOCK_ADDRESS + 0x0000_0000

Figure 4-3. RCHW Fields

Table 4-9. Internal Boot RCHW Field Descriptions

Field Description
04 Reserved: These bit values are ignored when the halfword is read. Write to 0 for future compatibility.
5 Watchdog timer enable. This is used to enable or disable the e200z3 watchdog timer through the BAM
WTE program. The configuration of the watchdog timer function is managed through the timer control register
(TCR).
0 BAM does not write the e200z3 timebase registers (TBU and TBL) nor enable the e200z3 core watchdog
timer.

1 BAM writes the €200z3 timebase registers (TBU and TBL) to 0x0000_0000_0000_0000 and enables the
€200z3 core watchdog timer with a time-out period of 3 x 2'7 system clock cycles.
(Example: For 8 MHz crystal —> 12MHz system clock—> 32.7mS time-out.
For 20 MHz crystal —> 30 MHz system clock —> 13.1mS time-out)

6 Port size. Defines the width of the data bus connected to the memory on CSJ[0]. After system reset, CS[0]
PS is changed to a 16-bit port by the BAM which fetches the RCHW from either 16- or 32-bit external memories.
[0] Then the BAM reconfigures the EBI either as a 16-bit bus or a 32-bit bus, according to the settings of this bit.

0 Invalid value

1 16-bit CS[0] port size

Note: Used only in external boot mode. Do not set the port to 32-bits because the 324 package only has a
16-bit data bus.

7 VLE Code Indicator. This bit is used to configure the MMU for the boot block to execute as either Classic
VLE PowerPC Book E code or as Freescale VLE code.
0 = Boot code executes as Classic PowerPC Book E code
1 = Boot code executes as Freescale VLE code

8-15 Boot identifier. This field indicates which block in flash memory contains the boot program and
BOOTID |identifies whether the flash memory is programmed or invalid. A valid boot identifier is 0x005A
[0:7] (0b01011010). The BAM program checks the first half word of each flash memory block starting at block 0

until a valid boot identifier is found. If all blocks in the low address space of the internal flash are checked
and no valid boot identifier is found, boot code is initiated from a FlexCAN or eSCI port.

324 Package Only: For an external boot, only block 0 is checked for a valid boot identifier, and if not found,
boot code is initiated from a FlexCAN or eSCI port.

4.4.3.5.2 Invalid Reset Configuration Half Word (RCHW)

If the device is configured to boot from internal flash, a valid boot ID must be read at the lowest address
of one of the six LAS blocks in internal flash memory. If the device is configured to boot from external
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memory, a valid boot ID must be read at 0x00_0000 of CS[0]. See Chapter 15, “Boot Assist Module
(BAM)” for more information.

If a valid RCHW is not found, a serial boot is initiated which does not use a RCHW. The watchdog timer
is enabled. For serial boot entered from a failed external boot, the port size remains configured as 16 bits
wide. For serial boot entered from a failed internal boot, the external bus is never configured and remains
in the reset state of GP1O inputs.

4.4.3.5.3 Reset Configuration Half Word (RCHW) Source

The reset configuration half word (RCHW) specifies a minimal MCU configuration after reset. The
RCHW also contains bits that control the BAM program flow. See Section 15.3.2.2.1, “Finding the Reset
Configuration Halfword” for information on the BAM using the RCHW. The RCHW is read and applied
each time the BAM program executes, which is for every power-on, external, or internal reset event. The
only exception to this is the software external reset. See Section 4.4.3.5, “Reset Configuration Half Word
(RCHW),” for detailed descriptions of the bits in the RCHW. The RCHW is read from one of the following
locations:

« The lowest address (0x0000_0000) of an external memory device, enabled by chip select CS[0]
using a 16-bit data bus

» The lowest address of one of the six low address space (LAS) blocks in the internal flash memory.
(2x 16 KB; 2 x 48 KB; 2 x 64 KB)

At the deassertion of the RSTOUT pin, the BOOTCFG field in the RSR has been updated. If
BOOTCFG[O0] is asserted, then the BAM program reads the RCHW from address 0x0000_0000 in the
external memory connected to CS[0] (the BAM first configures the MMU and CS[0] such that address
0x0000_0000 is translated to 0x2000_0000 and then directed to CS[0]). When BOOTCFG[0] is asserted,
BOOTCFG[1] determines whether external arbitration must be enabled to fetch the RCHW.

If BOOTCFG[0] and BOOTCFG[1] are deasserted at the deassertion of the RSTOUT pin, then the BAM
program attempts to read the RCHW from the first address of each of the six blocks in the low address
space (LAS) of internal flash. Table 4-10 shows the LAS addresses.

Table 4-10. LAS Block Memory Addresses

Block Address
0 0x0000_0000
1 0x0000_4000
2 0x0001_0000
3 0x0001_C000
4 0x0002_0000
5 0x0003_0000

If the RCHW stored in either internal or external flash is invalid (boot identifier field of RCHW is not
0x005A), or if BOOTCFGJ[0] is deasserted and BOOTCFGJ1] is asserted at the deassertion of the
RSTOUT pin, then RCHW is not applicable, and serial boot mode is performed. Table 4-11 summarizes
the RCHW location options.
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208 Package: BOOTCFG[O0] is not available due to pin limitations and is internally asserted
(driven to 0).

Table 4-11. Reset Configuration Half Word Sources

SeTAER BootIdentifier " .
RSTCFG | BOOTCFG[0] | BOOTCFGI[1] Field (RCHW) Boot Mode Configuration Word Source
. The lowest address of one of the six low address
Valid Internal o
1 — _ spaces (LAS) in internal flash memory.
Invalid Serial Not applicable
. The lowest address of one of the six low address
Valid Internal o
0 0 0 spaces (LAS) in internal flash memory.
Invalid Serial Not applicable
0 0 1 = Serial Not applicable
External Boot, | The lowest address (0x00_0000) of an external
Valid No Arbitration | memory device, enabled by chip select CS[0]
0 1 0 using either 16- or 32-bit data bus
Invalid Serial Not applicable
0 1 1 External Arbitration Not Supported

4.4.4 Reset Configuration Timing

The timing diagram in Figure 4-4 shows the sampling of the BOOTCFG[0:1], WKPCFG, and
PLLCFG[0:1] pins for a power-on reset. The timing diagram is also valid for internal/external resets
assuming that Vpp Vppsyn, and Vppepg are within valid operating ranges. The values of the
PLLCFG[0:1] pins are latched at the deassertion of the RSTOUT pin, if the RSTCFG pin is asserted at the
deassertion of RSTOUT. The value of the WKPCFG signal is applied at the assertion of the internal reset
signal (as indicated by the assertion of RSTOUT). The values of the WKPCFG and BOOTCFGJ0:1] pins
are latched four clock cycles before the deassertion of RSTOUT and stored in the reset status register
(SIU_RSR). BOOTCFG]JO0:1] are latched only if RSTCFG is asserted. WKPCFG is not dependent on
RSTCFG.

208 Package: BOOTCFG[O0] is not available due to pin limitations and is internally asserted
(driven to 0).
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Figure 4-4. Reset Configuration Timing
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4.4.5 Reset Flow
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Figure 4-5. External Reset Flow Diagram
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1 The clock count is dependent on the configuration of the FMPLL (see Section 5.3.1.2, ‘RSTOUT).
If the FMPLL is configured in 1:1 (dual controller) or bypass mode, this clock count is 16000.

Figure 4-6. Internal Reset Flow Diagram
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Chapter 5
Peripheral Bridge

5.1 Introduction

5.1.1 Block Diagram
The PBRIDGE is the interface between the system bus and on-chip peripherals as shown in Figure 5-1.
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A
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Y

System Bus
System Bus
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<
<

€
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Figure 5-1. PBRIDGE Interface

5.1.2 Overview

There are two peripheral bridges, PBRIDGE_A and PBRIDGE_B, which act as interfaces between the
system bus and lower bandwidth peripherals. In this manual, PBRIDGE refers to either of these bridges,
as their functionality is identical. The only difference is the peripherals to which they connect. Accesses
that fall within the address space of the PBRIDGE are decoded to provide individual module selects for
peripheral devices on the slave bus interface.

5.1.2.1 Access Protections

The PBRIDGE provides programmable access protections for masters. It allows the privilege level of a
master to be overridden, forcing it to user mode privilege, and allows masters to be designated as trusted
or untrusted. More information on access protection can be found in Section 13.3.2.9, “Flash Bus Interface
Unit Access Protection Register FLASH_BIUAPR.”
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5.1.3 Features

The following list summarizes the key features of the PBRIDGE:
» Supports the slave interface signals, which is meant for slave peripherals only

» Supports 32-bit slave peripherals
(byte, halfword, and word reads and writes are supported to each)

» Supports a pair of slave accesses for 64-bit instruction fetches
» Provides configurable per-master access protections

5.1.4 Modes of Operation
The PBRIDGE has only one operating mode.

5.2  External Signal Description
The PBRIDGE has no external signals.

5.3 Memory Map and Register Definition

The memory map for the program-visible PBRIDGE A and PBRIDGE B registers is shown in Table 5-1.
Table 5-1. PBRIDGE A and B Memory Map

Address Register Name Register Description Bits

Base'! + 0x0000 PBRIDGE_x_MPCR Master privilege control register 32

! PBRIDGE_A base is 0xC3F0_0000. PBRIDGE_B base is 0xFFFO_0000.

5.3.1 Register Descriptions

All registers are 32-bit registers and can only be accessed in supervisor mode by trusted bus masters.
Additionally, these registers must only be read from or written to by a 32-bit aligned access. PBRIDGE
registers are mapped into the PBRIDGE_A and PBRIDGE_B address spaces. The protection and access
fields of the MPCR are 4 bits in width.

MPC5534 Microcontroller Reference Manual, Rev. 2
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Master Privilege Control Register (PBRIDGE_x_MPCR)

Each master privilege control register (PBRIDGE_x_MPCR) specifies 4-bit access fields defining the
access privilege level associated with a bus master in the platform, as well as specifying whether the write
accesses from this master are buffered. The registers provide one field per bus master.

Address: Base + 0x0000

Access: User R/'W

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Access Field 0 Access Field 1 Access Field 2 Access Field 3
| ] Ll Ll ‘
R|MBW | MTR | MTW | MPL | MBW | MTR | MTW | MPL | MBW | MTR | MTW | MPL | MBW | MTR | MTW | MPL
w| O 0 0 0 1 1 1 1 2 2 2 2 3 3 3 3
Reset 0 1 1 1 0 1 1 1 0 1 1 1 0 1 1 1
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Access Field 4 Access Field 5 Access Field 6 Access Field 7
\ [ |l | |
Rl O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
w
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 5-2. Master Privilege Control Registers (PBRIDGE_x_MPCR)
Table 5-2. PBRIDGE_x_MPCR Field Descriptions
Field Description
0 Master buffer writes. Determines whether the PBRIDGE is enabled to buffer writes from the CPU. Writes not
MBWO | able to be buffered by default.
0 Write accesses from the CPU cannot be buffered
1 Write accesses from the CPU can be buffered
1 Master trusted for reads. Determines whether the CPU is trusted for read accesses. Trusted by default.
MTRO 0 The CPU is not trusted for read accesses.
1 The CPU is trusted for read accesses.
2 Master trusted for writes. Determines whether the master is trusted for write accesses. Trusted by default.
MTWO 0 The CPU is not trusted for write accesses.
1 The CPU is trusted for write accesses.
3 Master privilege level. Determines how the privilege level of the CPU is determined. Accesses not forced to
MPLO user mode by default.
0 Accesses from the CPU are forced to user mode.
1 Accesses from the CPU are not forced to user mode.
4 Master buffer writes. Determines whether the PBRIDGE is enabled to buffer writes from the Nexus. Writes not
MBW1 able to be buffered by default.
0 Write accesses from the Nexus cannot be buffered
1 Write accesses from the Nexus can be buffered
5 Master trusted for reads. Determines whether the Nexus is trusted for read accesses. Trusted by default.
MTRA1 0 The Nexus is not trusted for read accesses.
1 The Nexus is trusted for read accesses.

MPC5534 Microcontroller Reference Manual, Rev. 2

Freescale Semiconductor




Peripheral Bridge

Table 5-2. PBRIDGE_x_MPCR Field Descriptions (continued)

Field Description

6 Master trusted for writes. Determines whether the master is trusted for write accesses. Trusted by default.
MTW1 0 The Nexus is not trusted for write accesses.
1 The Nexus is trusted for write accesses.

7 Master privilege level. Determines how the privilege level of the Nexus is determined. Accesses not forced to
MPLA1 user mode by default.
0 Accesses from the Nexus are forced to user mode.
1 Accesses from the Nexus are not forced to user mode.

8 Master buffer writes. Determines whether the PBRIDGE is enabled to buffer writes from the eDMA. Writes not
MBW2 | able to be buffered by default.
0 Write accesses from the eDMA cannot be buffered
1 Write accesses from the eDMA can be buffered

9 Master trusted for reads. Determines whether the eDMA is trusted for read accesses. Trusted by default.
MTR2 0 The eDMA is not trusted for read accesses.
1 The eDMA is trusted for read accesses.

10 Master trusted for writes. Determines whether the master is trusted for write accesses. Trusted by default.
MTW2 0 The eDMA is not trusted for write accesses.
1 The eDMA is trusted for write accesses.

11 Master privilege level. Determines how the privilege level of the eDMA is determined. Accesses not forced to
MPL2 user mode by default.
0 Accesses from the eDMA are forced to user mode.
1 Accesses from the eDMA are not forced to user mode.

12 Master buffer writes. Determines whether the PBRIDGE is enabled to buffer writes from the EBI. Writes not
MBW3 able to be buffered by default.
0 Write accesses from the EBI cannot be buffered
1 Write accesses from the EBI can be buffered

13 Master trusted for reads. Determines whether the EBI is trusted for read accesses. Trusted by default.
MTR3 0 The EBI is not trusted for read accesses.
1 The EBI is trusted for read accesses.

14 Master trusted for writes. Determines whether the master is trusted for write accesses. Trusted by default.
MTWS3 0 The EBI is not trusted for write accesses.
1 The EBI is trusted for write accesses.

15 Master privilege level. Determines how the privilege level of the EBI is determined. Accesses not forced to
MPL3 user mode by default.
0 Accesses from the EBI are forced to user mode.
1 Accesses from the EBI are not forced to user mode.

16-31 Reserved
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5.4  Functional Description

The PBRIDGE serves as an interface between a system bus and the peripheral (slave) bus. It functions as
a protocol translator. Support is provided for generating a pair of 32-bit peripheral instruction accesses (not
data accesses) when targeted by a 64-bit system bus access. No other bus-sizing access support is provided.

Accesses that fall within the address space of the PBRIDGE are decoded to provide individual module
selects for peripheral devices on the slave bus interface.

5.4.1 Access Support

Aligned 64-bit accesses, aligned word and halfword accesses, as well as byte accesses are supported for
32-bit peripherals. Peripheral registers must not be misaligned, although no explicit checking is performed
by the PBRIDGE.

NOTE

Data accesses that cross a 32-bit boundary are not supported.

5.4.2 Peripheral Write Buffering

NOTE
MPC5534 only supports write buffering on a per-master basis, not on a
per-peripheral basis.

The PBRIDGE provides programmable write buffering capability to allow certain write accesses to be
buffered in the PBRIDGE for later completion, while terminating the system bus access early. This
provides improved performance in systems where frequent writes to a slow peripheral are performed.
Enable write buffering for masters only if:

» the slave bus does not generate termination errors
* itis safe to ignore termination errors

The PBRIDGE controller ignores the error signal on the termination of the buffered writes.

When write buffering is enabled, all accesses through the PBRIDGE occur in-order; no bypassing of
buffered writes is supported.

Write buffering is controllable on a per-master basis.

5.4.21 Read Cycles

Two-clock read accesses are possible with the PBRIDGE when the requested access size is 32-bits or
smaller, and is not misaligned across a 32-bit boundary. If the requested instruction access size is 64-bits,
or it is misaligned across a 32-bit boundary (not supported), then a minimum of three clocks are required
to complete the access. Misaligned read accesses are not supported. 64-bit data reads (not instruction) are
not supported.
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5.4.2.2 Write Cycles

Three clock write accesses are possible with the PBRIDGE when the requested access size is 32-bits or
smaller. Misaligned writes that cross a 32-bit boundary are not supported. 64-bit data writes (not
instruction) are not supported.

5.4.2.3 Buffered Write Cycles

Single clock write responses to the system bus are possible with the PBRIDGE when the requested write
access is bufferable. If the requested access does not violate the permissions check, and if the master is
enabled for buffering writes, the PBRIDGE internally buffers the write cycle. The write cycle is terminated
early with zero system bus wait states. The access proceeds normally on the slave interface, but error
responses are ignored.

All accesses are initiated and completed in order on the slave interface, regardless of buffering. If the
buffer is full, the following write cycle waits until it can either be buffered (if bufferable) or can be
initiated. If the buffer has valid entries, the following read cycle waits until the buffer is emptied and the
read cycle completes.

5.4.3 General Operation

NOTE

This device supports write buffering on a per-master basis only—not on a
per-peripheral basis.

Slave peripherals are modules that contain readable/writable control and status registers. The system bus
master reads and writes these registers through the PBRIDGE. The PBRIDGE generates module enables,
the module address, transfer attributes, byte enables, and write data as inputs to the slave peripherals. The
PBRIDGE captures read data from the slave interface and drives it on the system bus.

Separate interface ports are provided for on-platform and off-platform peripherals. The distinction
between on-platform and off-platform is made to allow platform-based designs incorporating the
PBRIDGE to separate the interface ports to allow for ease of timing closure. In addition, module selects
and control register storage for on-platform peripherals are allocated at synthesis time, allowing only
needed resources to be implemented. Off-platform module selects and control register storage do not have
the same degree of configurability.

The modules that are on-platform and those that are off-platform are detailed in Table 5-3.
Table 5-3. On-Platform and Off-Platform Peripherals

On-Platform Off-Platform
Enhanced Direct Memory Access (eDMA) Deserial Serial Peripheral Interface (DSPI)
PBridge A and B Enhanced Queued Analog-to-Digital Converter (eQADC)
Interrupt Controller (INTC) Enhanced Serial Communication Interface (eSClI)
Error Correction Status Module (ECSM) FlexCAN Controller Area Network
System Bus Crossbar Switch (XBAR) Boot Assist Module (BAM)
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Table 5-3. On-Platform and Off-Platform Peripherals (continued)

On-Platform Off-Platform

System Integration Unit (SIU)

Enhanced Modular Input/Output Subsystem (eMIOS)

Frequency Modulated Phase Locked Loop (FMPLL)

Enhanced Time Processing Unit (eTPU)

External Bus Interface (EBI)

Flash Bus Interface Unit (FBIU)

The PBRIDGE occupies a 64 MB portion of the address space. A 0.5 MB portion of this space is allocated
to on-platform peripherals. The remaining 63.5 MBs are available for off-platform devices. The register
maps of the slave peripherals are located on 16-KB boundaries. Each slave peripheral is allocated one
16-KB block of the memory map, and is activated by one of the module enables from the PBRIDGE. Up
to thirty-two 16-KB external slave peripherals can be implemented, occupying contiguous blocks of

16 KBs. Two global external slave module enables are available for the remaining 63 MBs of address
space to allow for customization and expansion of addressed peripheral devices. In addition, a single
non-global module enable is also asserted whenever any of the 32 non-global module enables is asserted.

The PBRIDGE is responsible for indicating to slave peripherals if an access is in supervisor or user mode.
The PBRIDGE also supports the notion of trusted masters for security purposes. Masters can be
individually designated as trusted for reads, trusted for writes, or trusted for both reads and writes, as well
as being forced to look as though all accesses from a master are in user mode privilege level.

The PBRIDGE also supports buffered writes, allowing write accesses to be terminated on the system bus
in a single clock cycle, and then subsequently performed on the slave interface. Write buffering is
controllable on a per-peripheral basis. The PBRIDGE implements a two-entry 32-bit write buffer.

MPC5534 Microcontroller Reference Manual, Rev. 2
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Chapter 6
System Integration Unit (SIU)

6.1 Introduction

This chapter describes the device system integration unit (SI1U) that configures and initializes the following
controls:

* MCU reset configuration

» System reset operation

» Pad configuration

» External interrupts (324 package only)
» General-purpose 1/0 (GP10)

* Internal peripheral multiplexing

MPC5534 Microcontroller Reference Manual, Rev. 2
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6.2 Block Diagram

Figure 6-1 is a block diagram of the SIU. The signals shown on the right side of the diagram are external
pins on the device. The SIU registers are accessed through the crossbar switch.

> Pad Configuration
A
P%v;iré?n > Reset < BN <«<—{<] RESET
Detection > Contoller +—>{x] RSTOUT
2
«<—<] RSTCFG
External
I IRQ/ << IRQ[0:5, 7:15]*
Edge .
SIU Detects ! IRQ[6] is not available in this device.
Registers | < IRa(glg] |es not available on the 208
Pad P ge-
Reset [ Interface/ .e«—»[>] BOOTCFG[0:1]_GPIO[211:212]
17 configuration | Pad 2 _
< Ring BOOTCFG[0] and RSTCFG are
not available in the 208 package.
These signals are internally asserted
(driven to 0) in the 208 package.
<—>DX] WKPCFG_GPIO[213]
> PO <—>{<] CS[0:3]_GPIO[0:3] 3
3CS[1:3] are not available due
to pin limitations on the 208 package.
<—>X] PLLCFG[0:1]_GPIO[208:209]
L >
IRQ Inputs, IMUX Peripheral
DSPI Signals, and <—>| I/O Channels
eQADC Triggers

Figure 6-1. SIU Block Diagram

NOTE

The power-on reset detection module, pad interface/pad ring module, and
peripheral 1/0 channels shown shaded in Figure 6-1 are external to the SIU.
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6.2.1 Overview

The system integration unit (SIU) is accessed by the e200z3 core through the system bus crossbar switch
(XBAR) and the peripheral bridge A (PBRIDGE_A). Table 6-1 lists the features the SIU configures:

Table 6-1. SIU Features

Feature Description
MCU reset operations Controls the external pin boot logic
System reset operations Monitors internal and external reset sources, and drives the RSTOUT signal

* Power-on reset support

¢ Reset status register providing last reset source to software
 Glitch detection on reset input

* Software controlled reset assertion

Pad configuration registers Enables the configuration and initialization of the I/O pin electrical characteristics using
software to select the following:

¢ Active function from the set of multiplexed functions

e Pullup and pulldown characteristics of the pin

¢ Slew rate for slow and medium pads

Open drain mode for output pins

Hysteresis for input pins

Drive strength of bus signals for fast pads

External interrupt operations * 15 interrupt requests
* Rising- or falling-edge event detection
* Programmable digital filter for glitch rejection

General-purpose 1/0 (GPIO) Provides uniform and discrete 1/O control of 150 MCU general-purpose /O pins, where
each GPIO signal has an input register and an output register. The number of GPIO pins
varies depending on the package.

Internal peripheral multiplexing Provides flexibility to customize signal/pin assignments for application development that
allows you to assign IRQs between external pins and the DSPI.

6.2.2 Modes of Operation

The MPC5500 family of devices has several operating modes for configuring and testing the device:
Table 6-2. SIU Operating Modes

Operating Mode Description

Normal In normal mode, the SIU provides the register interface and logic that controls the device and
system configuration, the reset controller, and GPIO. The SIU continues operation with no
changes in stop mode.

Debug SIU operation in debug mode is identical to operation in normal mode.

MPC5534 Microcontroller Reference Manual, Rev. 2
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6.3 External Signal Description

Table 6-3 lists the external pins used by the SIU.
Table 6-3. SIU Signal Properties

Name Function Vo Pad Pull
Type Type Up/Down’
Resets
RESET Reset Input Input — Up
RSTCFG 2 Reset Configuration Input — Up
RSTOUT Reset Output Output Slow —
System Configuration
GPIO[0:210] General-Purpose 1/0 I/0 Slow Up/Down
BOOTCFGI[0]_ 2 Boot Configuration Input Input Slow Down
GPIO[211] General-Purpose 1/0 I/O Up/Down
BOOTCFG[1]_ Boot Configuration Input Input Slow Down
GPIO[212] General-Purpose 1/10 I/0 Up/Down
WKPCFG Weak Pull Configuration Pin Input Slow Up
GPIO[213] General-Purpose 1/10 I/0 Up/Down
PLLCFG[0]_ Boot Configuration Input Input Slow Down
GPIO[208] General-Purpose 1/10 I/0 Up/Down
PLLCFG[1]_ Boot Configuration Input Input Slow Down
GPIO[209] General-Purpose 1/0 I/0 Up/Down
External Interrupt (324 package only)
IRQ[0:5, 7:15]° External Interrupt Request Input Input Slow —4

1

Internal weak pull up/down. The reset weak pull up/down state is given by the pull up/down state for the primary pin

function. For example, the reset weak pull up/down state of the BOOTCFG[1]_GPIO[212] pin is weak pullup enabled.

RSTCFG and BOOTCFGI[0] pins are not available on the 208 package. These signals are internally asserted (driven to 0)
in the 208 package.

The GPIO and IRQ pins are multiplexed with other functions on the chip. The IRQ[6] function is not available in this device.

Not all GPIO pins are available on all packages. See Chapter 2, “Signals” for a list of available IRQ and GPIO signals.

The weak pull up/down state for these pins is as follows: IRQ[0, 1, 4, 5, 7, 12, 13, 14]: Up,

The weak pull up/down state at reset for the IRQ[0:5, 7:15] depends on the primary signals with which they are muxed.

IRQ[2, 3, 15]: Down, IRQ[8:11]: WKPCFG. IRQ[2] is not available on the 208 package.

MPC5534 Microcontroller Reference Manual, Rev. 2
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6.3.1 Detailed Signal Descriptions

6.3.1.1 Reset Input (RESET)

RESET is an active-low input signal asserted by an external device during a power-on reset (POR) or
external reset. If RESET asserts for ten clock cycles only, the internal reset signal asserts. Asserting the
RESET signal while the device is processing a reset restarts the reset process at the beginning.

RESET has a glitch detector logic that senses electrical fluctuations on the Vppgy input pins that drop
below the switch point value for more than two clock cycles. The switch point value is between the
maximum V,_and minimum V, specifications for the Vppgy input pins.

6.3.1.2 Reset Output (RSTOUT)

RSTOUT is an active-low output signal that uses a push/pull configuration. It is driven to the low state by
the MCU for all internal and external reset sources. After the RESET input signal deasserts, RSTOUT
asserts for:

» 16000 clock cycles for devices configured in bypass mode
» 16004 clock cycles for devices configured for FMPLL dual-controller mode (1:1)
e 2400 clock cycles for all other FMPLL modes

To invoke an external software reset, write a 1 to the system external reset (SER) bit in the system reset
control register (SIU_SRCR). This asserts RSTOUT for 2400 clock cycles. An external software reset
does not execute the BAM module or sample BOOTCFG[0:1].

208 Package: BOOTCFG[0] is not available due to pin limitations and is internally asserted
(driven to 0) in the 208 package.

6.3.1.3 General-Purpose I/0 Pins (GPIO[0:213])

208 Package: Not all GPIO pins are available on all packages. See Chapter 2, “Signals” for more
information on the GPIO pins available on this device.

The GPIO pins provide general-purpose input and output function. The GPIO pins are generally
multiplexed with other 1/O pin functions. Each GPIO input and output is separately controlled by an
eight-bit input (SIU_GPDI) or output (SIU_GPDO) register.

NOTE

Not all GPIO pins are available on all packages. See Chapter 2, “Signals”
for a listing of available GPIO pins.

For more information, see the following sections:
Section 6.4.1.13, “GPIO Pin Data Output Registers 0-213 (SIU_GPDOn)”
Section 6.4.1.14, “GPIO Pin Data Input Registers 0-213 (SIU_GPDIn)”

MPC5534 Microcontroller Reference Manual, Rev. 2
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6.3.1.4 Boot Configuration Pins (BOOTCFG[0:1])

208 Package: BOOTCFG[0] and RSTCFG are not available due to pin limitations and are internally
asserted (driven to 0) in the 208 package.

The BOOTCFG value specifies the location and boot mode used by the boot assist module (BAM). All
reset sources can read the boot configuration field, BOOTCFG[0:1], except a debug port reset and a
software external reset.

The BOOTCFG values are read only if RSTCFG asserts while RSTOUT is asserted. The BOOTCFG
signal asserts after RSTCFG to get the boot input information. BOOTCFGJ0:1] is sampled four clock
cycles before RSTOUT negates, and the latched boot values are stored in the reset status register
(SIU_RSR).

If RSTCFG asserts while processing a reset, BOOTCFGJ0:1] is sampled. Otherwise, if RSTCFG negates
while processing a reset, the following occurs:

1. BOOTCFGJO0:1] is not sampled

2. BAM module boots from internal flash (default = 0b00)

3. Boot value from internal flash is written to BOOTCFGJ[0:1] field in the reset status register
(SIU_RSR)

4. BOOTCFGJ[0:1] values are latched and driven as output signals from the SIU

The BOOTCFG values are used only if RSTCFG asserts while RSTOUT is asserted. Otherwise, the
default values for BOOTCFG (0b00) in the reset status register (SIU_RSR) is used, as shown in Table 6-4.

Table 6-4. BOOTCFG[0:1] Configuration

Value Meaning

0b00 Boot from internal flash memory (default)

0b01 FlexCAN / eSClI boot

0b10 Boot from external memory (324 package only)
Ob11 Invalid value

6.3.1.5 I/0 Pin Weak Pull Up Reset Configuration Pin (WKPCFG)

The WKPCEFG signal is applied when the internal reset signal asserts (indicated by RSTOUT asserting),
and is sampled four clock cycles before RSTOUT negates. The WKPCFG value configures the internal
weak pullup or weak pulldown pin characteristics after a reset occurs in the eMIOS or eTPU modules.

The value of WKPCEFG is latched at reset, stored in the reset status register (SIU_RSR), and updated for
all reset sources except the debug port reset and software external reset. The WKPCFG value must be valid
and not change until RSTOUT negates.
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6.3.1.6  External Interrupt Request Input Pins (IRQ[0:5, 7:15])

IRQI0:5, 7:15] are the external interrupt request (IRQ) inputs connect to the SIU IRQ inputs. The external
trigger IRQ select register 1 (SIU_ETISR) specifies the IRQ[0:5, 7:15] signals that are input to the SIU
IRQs.
NOTE
IRQI6] is not available in this device.
208 Package: IRQ[2] is not available in the 208 package due to pin limitations.
External interrupt requests are triggered by rising- and/or falling-edge events that are enabled by setting a
itin:

* IRQ rising-edge event enable register (SIU_IREER)

* IRQ falling-edge event enable register (SIU_IFEER)
If the bit is set in both registers, both rising- and falling-edge events trigger an interrupt request. Each IRQ

has a counter that tracks the number of system clock cycles that occur between the rising- and falling-edge
events. An IRQ counter exists for each IRQ rising- or falling-edge event enable bit.

The digital filter length field in the IRQ digital filter register (SIU_IDFR) specifies the minimum number
of system clocks that the IRQ signal must hold a logic value to qualify the edge-triggered event as a valid
state change. When the number of system clocks in the IRQ counter equals the value in the digital filter
length field, the IRQ state latches and the IRQ counter is cleared.

If the previous filtered state of the IRQ does not match the current state, and the rising- or falling-edge
event is enabled, the IRQ flag bit is set to 1. For example, the IRQ flag bit is set if a rising-edge event
occurs under the following conditions:

» Previous filtered IRQ state was a logic 0
» Current latched IRQ state is a logic 1
» Rising-edge event is enabled for the IRQ
When the counter for an IRQ is not enabled, the state of the IRQ is held in the current and previous state
latches. The IRQ counter operates independently of the IRQ or overrun flag bit. Clearing the IRQ flag or
overrun flag bits does not clear or reload the counter.
See the following sections for more information:
Section 6.4.1.4, “External Interrupt Status Register (SIU_EISR)”
Section 6.4.1.9, “IRQ Rising-Edge Event Enable Register (SIU_IREER)”
Section 6.4.1.10, “IRQ Falling-Edge Event Enable Register (SIU_IFEER)”
Section 6.4.1.11, “IRQ Digital Filter Register (SIU_IDFR)”
Rising- or falling-edge events are enabled by setting the bits in SIU_IREER or SIU_IFEER. If the same

bit location is set in both registers, both rising- and falling-edge events set the IRQ FLAG bit in
Section 6.4.1.4, “External Interrupt Status Register (SIU_EISR).”

MPC5534 Microcontroller Reference Manual, Rev. 2
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6.3.1.6.1 External Interrupts

NOTE
IRQI6] is not available in this device.

208 Package: IRQ[2] is not available in the 208 package due to pin limitations.

The IRQ signals map to 15 independent interrupt requests output from the SIU. The IRQ flag bit is set
when a rising-edge and/or falling-edge event occurs for the IRQ. An external IRQ signal is asserted when
all of the following occur:

» Enable bit is set in the IRQ rising- and/or falling-edge event registers (SIU_IREER, SIU_IFEER)
* IRQ flag bit is set in the external interrupt status register (SIU_EISR)

» Enable bit is cleared in the DMA/Interrupt request enable register (SIU_DIRER)

» Select bit is cleared in the DMA/Interrupt select register (SIU_DIRSR)

See the following sections for more information:
Section 6.4.1.5, “DMA/Interrupt Request Enable Register (SIU_DIRER)”
Section 6.4.1.6, “DMA/Interrupt Request Select Register (SIU_DIRSR)”

6.3.1.6.2 DMA Transfers

DMA IRQ signals (IRQ[0] through IRQ[3]) map to four independent DMA transfer or interrupt request
outputs configured in the SIU. A DMA transfer or interrupt request asserts when all of the following occur:
* IRQ flag bit is set in the external interrupt status register (SIU_EISR)
» Enable bit is set in the DMA transfer or interrupt request enable register (SIU_DIRER)
o Select bit is set in the DMA transfer or interrupt request select register (SIU_DIRSR)

The SIU receives a ‘DMA transfer done’ signal for each DMA or interrupt request transmitted.
When the ‘DMA done’ signal asserts, the IRQ flag bit is cleared.

208 Package:  IRQ[2] is not available in the 208 package due to pin limitations.

See the following sections for more information:
Section 6.4.1.5, “DMA/Interrupt Request Enable Register (SIU_DIRER)”
Section 6.4.1.6, “DMA/Interrupt Request Select Register (SIU_DIRSR)”

6.3.1.6.3 Overruns

An overrun IRQ exists for each overrun flag bit in the overrun status register (SIU_OSR).
An overrun IRQ asserts when all of the following occur:
» Enable bit is set in the IRQ rising- and/or falling-edge event registers (SIU_IREER, SIU_IFEER)
* IRQ flag bit is set in the external interrupt status register (SIU_EISR)
» Bitis set in the overrun request enable and overrun status registers (SIU_ORER, SIU_OSR)
» Rising- or falling-edge event triggers an interrupt request

The SIU outputs one overrun IRQ bit that is the logical OR of all of the IRQ overrun bits.

MPC5534 Microcontroller Reference Manual, Rev. 2
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NOTE
IRQI6] is not available in this device.

208 Package:  IRQ[2] is not available in the 208 package due to pin limitations.

See the following sections for more information:
Section 6.4.1.4, “External Interrupt Status Register (SIU_EISR)”
Section 6.4.1.7, “Overrun Status Register (SIU_OSR)”
Section 6.4.1.8, “Overrun Request Enable Register (SIU_ORER)”

6.3.1.6.4 Edge Detects

An IRQ asserts when an:
» Edge-detect event is enabled
» Edge-detect event occurs

To assert an IRQ when an edge-detect event occurs:

1. Set the enable bit in the IRQ rising- and falling-edge event enable registers
(SIU_IREER, SIU_IFEER)

2. Clear the enable bits for the DMA/Interrupt request enable register (SIU_DIRER)

The IRQ bit is set in the external IRQ status register (SIU_EISR) when an edge-detect event occurs for
that IRQ.

NOTE
IRQ[6] is not available in this device.

208 Package: IRQ[2] is not available in the 208 package due to pin limitations.
See the following sections for more information:
Section 6.4.1.4, “External Interrupt Status Register (SIU_EISR)”

Section 6.4.1.9, “IRQ Rising-Edge Event Enable Register (SIU_IREER)”
Section 6.4.1.10, “IRQ Falling-Edge Event Enable Register (SIU_IFEER)”

6.4 Memory Map and Register Definition

Table 6-5 is the address map for the SIU registers. All register addresses are given as an offset of the SIU
base address.

Table 6-5. SIU Address Map

Address Register Name | Register Description Bits
Base (0xC3F9_0000) — Reserved —
Base + 0x0004 SIU_MIDR MCU ID register 32
Base + 0x0008 — Reserved —
Base + 0x000C SIU_RSR Reset status register 32
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Table 6-5. SIU Address Map (continued)

Address Register Name | Register Description Bits
Base + 0x0010 SIU_SRCR System reset control register 32
Base + 0x0014 SIU_EISR SIU external interrupt status register 32
Base + 0x0018 SIU_DIRER DMA/interrupt request enable register 32
Base + 0x001C SIU_DIRSR DMA/interrupt request select register 32
Base + 0x0020 SIU_OSR Overrun status register 32
Base + 0x0024 SIU_ORER Overrun request enable register 32
Base + 0x0028 SIU_IREER IRQ rising-edge event enable register 32
Base + 0x002C SIU_IFEER IRQ falling-edge event enable register 32
Base + 0x0030 SIU_IDFR IRQ digital filter register 32
Base + (0x0034—0x003F) = Reserved =
Base + (0x0040—-0x02EC) SIU_PCRO- Pad configuration registers 0-342 16
SIU_PCR342
Base + (0x02F0—0x005F) — Reserved —
Base + (0x0600—-0x06D4) SIU_GPDOO0O- GPIO pin data output registers 0-21 32 8
SIU_GPDO213
Base + (0x06D8—-0x07FF) — Reserved =
Base + (0x0800-0x08D4) SIU_GPDIO- GPIO pin data input registers 0-2132 8
SIU_GPDI213
Base + (0x08D8—0x08FF) — Reserved =
Base + 0x0900 SIU_ETISR eQADC trigger input select register 32
Base + 0x0904 SIU_EISR External IRQ input select register 32
Base + 0x0908 SIU_DISR DSPI input select register 32
Base + (0x090C—-0x097) — Reserved =
Base + 0x0980 SIU_CCR Chip configuration register 32
Base + 0x0984 SIU_ECCR External clock control register 32
Base + 0x0988 SIU_CARH Compare A high register 32
Base + 0x098C SIU_CARL Compare A low register 32
Base + 0x0990 SIU_CBRH Compare B high register 32
Base + 0x0994 SIU_CBRL Compare B low register 32
Base + (0x0998—-0x09FF) — Reserved —

! Gaps exist in the pad configuration where 1/O pins are not available in this package.
2 Gaps exist in this memory space where 1/O pins are not available in this package.
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6.4.1 Register Descriptions

The register figures use the following notational conventions in this section:

wic Write 1 to clear the bit to 0.

— Not applicable.

Reserved or unimplemented bit.

U Bit value is uninitialized upon reset.

u Bit value is unchanged upon reset.

6.41.1  MCU ID Register (SIU_MIDR)

The SIU_MIDR contains the part identification number and mask revision number specific to the device.
The part number is a read-only field that is mask programmed with the part number of the device. The part
number is changed if a new module is added to the device or a memory size is changed, for example. It is
not changed for bug fixes or process changes.

The mask number is a read-only field that is mask programmed with the specific mask revision level of
the device.

The MCU ID register is 32-bits. Figure 6-2 shows the MCU ID register values.

Address: Base + 0x0004 Access: Read

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

R PARTNUM

w

Reset 0 1 0 1 0 1 0 1 0 0 1 1 0 1 0 0

16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

Rl O 0 0 0 0 0 0 0 MASKNUM_MAJOR MASKNUM_MINOR

w

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 6-2. MCU ID Register (SIU_MIDR)

Table 6-6. SIU_MIDR Field Descriptions

Field Description

0-15 MCU part number. Read-only, mask programmed part identification number of the MCU.
PARTNUM Reads 0x5534 for the MPC5534.

[0:15]

1623 Reserved
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Table 6-6. SIU_MIDR Field Descriptions (continued)

Field Description
24-27 Major revision number of MCU mask. Read-only, mask programmed mask number of the
MASKNUM_MAJOR MCU. Reads 0x0000 for the initial mask set, and changes sequentially for each mask set.
[0:3]
28-31 Minor revision number of MCU mask. Read-only, mask programmed mask number of the
MASKNUM_MINOR MCU. Reads 0x0000 for the initial mask set, and changes sequentially for each mask set.
[0:3]

6.4.1.2 Reset Status Register (SIU_RSR)

The SIU_RSR reflects the most recent source, or sources of reset, and the state of configuration pins at
reset. This register contains one bit for each reset source, indicating that the last reset was power-on reset
(POR), external, software system, software external reset, watchdog, loss of PLL lock, loss of clock or
checkstop reset. A reset status bit set to logic one indicates the type of reset that occurred. Once set, the
reset source status bits in the SIU_RSR remain set until another reset occurs. In the following cases more
than one reset bit is set:

» If a power-on reset request has negated and the device is still in the resulting reset, and then an
external reset is requested, both the power-on and external reset status bits are set. In this case, the
device started the reset sequence due to a power-on reset request, but it ended the reset sequence
after an external reset request.

» If a software external reset is requested, the SERF flag bit is set, but no previously set bits in the
SIU_RSR are cleared. The SERF bit is cleared by writing a 1 to the bit location or when another
reset source is asserted.

» Ifany of the loss of clock, loss of lock, watchdog or checkstop reset requests occur on the same
clock cycle, and no other higher priority reset source is requesting reset (see Table 6-7), the reset
status bits for all of the requesting resets are set.

Simultaneous reset requests are prioritized. When reset requests of different priorities occur on the same
clock cycle, the lower priority reset request is ignored. Only the highest priority reset request's status bit is
set. Except for a power-on reset request and condition above, all reset requests of any priority are ignored
until the device exits reset.

Table 6-7. Reset Source Priorities

Reset Source Priority
Power on reset (POR) and external reset (Group 0) Highest
Software system reset (Group1) Lowest-high
Loss of clock, loss of lock, watchdog, checkstop (Group2) Highest-low
Software external reset (Group 3) Lowest

The WKPCFG bit contains the value of the signal on the WKPCFG pin at the last reset. The BOOTCFG
field contains the values on the BOOTCFGJ0:1] pins at the last reset.
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Address: Base + 0x000C Access: R/'W
0 1 2 3 4 5 10 11 12 13 14 15

R|PORS| ERS |LLRS |[LCRS|WDRS| CRS | 0 0 0 0 0 0 0 0 |SSRS|SERF

W Wic
Reset! 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

R (\;Y:Ig; 0 0 0 0 0 0 0 0 0 0 0 0 BOOTCFG | RGF

W Wic
Reset' U? ud 0

! The reset status register receives its reset values during power-on reset.
2 The reset value of the WKPCFG bit is determined by the value on the WKPCFG pin at reset.
3 The reset value of the BOOTCFG field is determined by the values on the BOOTCFG[0:1] pins at reset.

BOOTCFGI[O0] is not available due to pin limitations, and is internally asserted (driven to 0) in the 208 package.

Figure 6-3. Reset Status Register (SIU_RSR)

Table 6-8. SIU_RSR Field Descriptions

Field Description
0 Power-on reset status.
PORS |0 Another reset source has been acknowledged by the reset controller since the last assertion of the power-on
reset input.
1 The power-on reset input to the reset controller has been asserted and no other reset source has been
acknowledged since that assertion of the power-on reset input except an external reset.
1 External reset status.
ERS 0 The last reset source acknowledged by the reset controller was not a valid assertion of the RESET pin.
1 The last reset source acknowledged by the reset controller was a valid assertion of the RESET pin.
2 Loss of lock reset status.
LLRS 0 The last reset source acknowledged by the reset controller was not a loss of PLL lock reset.
1 The last reset source acknowledged by the reset controller was a loss of PLL lock reset.
3 Loss of clock reset status.
LCRS |0 The last reset source acknowledged by the reset controller was not a loss of clock reset.
1 The last reset source acknowledged by the reset controller was a loss of clock reset.
4 Watchdog timer/debug reset status.
WDRS |0 The last reset source acknowledged by the reset controller was not a watchdog timer or debug reset.
1 The last reset source acknowledged by the reset controller was a watchdog timer or debug reset.
5 Checkstop reset status.
CRS 0 The last reset source acknowledged by the reset controller was not an enabled checkstop reset.
1 The last reset source acknowledged by the reset controller was an enabled checkstop reset.
6-13 Reserved
14 Software system reset status.
SSRS |0 The last reset source acknowledged by the reset controller was not a software system reset.
1 The last reset source acknowledged by the reset controller was a software system reset.
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Table 6-8. SIU_RSR Field Descriptions (continued)

Field Description

15 Software external reset flag.

SERF |0 This bit has been cleared from a 1 to a 0 by a write of 1 to it when it was a 1 or the software external reset input
to the reset controller has not been asserted.

1 The software external reset input to the reset controller has been asserted while this bit was a 0.

16 Weak pull configuration pin status
WKPCFG [0 The WKPCFG pin latched during the last reset was a logical 0 and weak pull down is the default setting
1 The WKPCFG pin latched during the last reset was a logical 1 and weak pullup is the default setting

17-28 Reserved

29-30 | Reset configuration pin status. Holds the value of the BOOTCFG pins that were latched on the last negation of the
BOOTCFG | RSTOUT pin, if the RSTCFG pin was asserted. If the RSTCFG pin was not asserted at the last negation of
RSTOUT, and the lower half or least significant half word of the censorship control word equals OxFFFF or 0x0000,
the BOOTCEFG field is set to the value 0b10. Otherwise, if the RSTCFG pin was negated at the last negation of
RSTOUT and the lower half of the censorship control word does not equal OxFFFF or 0x0000, then the BOOTCFG
field is set to the value 0b00. The BOOTCFG field is used by the BAM program to determine the location of the
reset configuration half word. See Table 4-11 for a translation of the reset configuration half word location from the
BOOTCFG field value.

NOTE: BOOTCFG[0] is not available due to pin limitations and is internally asserted (drive to 0) in the 208 package.

31 Reset glitch flag. Set by the reset controller when a glitch is detected on the RESET pin. This bit is cleared by the
RGF assertion of the power-on reset input to the reset controller, or a write of 1 to the RGF bit. See Section 6.5.2.1,
“RESET Pin Glitch Detect,” for more information on glitch detection.

0 No glitch has been detected on the RESET pin.
1 A glitch has been detected on the RESET pin.

6.4.1.3 System Reset Control Register (SIU_SRCR)

The system reset control register allows software to generate either a system or external reset. The software
system reset causes an internal reset, while the software external reset only causes the external RSTOUT
pin to be asserted. When written to 1, the SER bit automatically clears.

Address: Base + 0x0010 Access: R/W

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Rl 0 |SER'| 0 0 0 0 0 0 0 0 0 0 0 0 0 0

W|SSR 2| wic
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

R 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
CRE

W

Reset 13 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 6-4. System Reset Control Register (SIU_SRCR)

1 Write 1 to the SER bit to generate a software external reset. A write of 0 to this bit has no effect. When the reset completes,
the SER bit is cleared to 0.

2 The SSR bit always reads 0. A write of 0 to this bit has no effect.
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3 The CRE bit is set to 1 by POR. Other reset sources cannot set the CRE bit.

Table 6-9. SIU_SRCR Field Descriptions

Field Description

0 Software system reset. Used to generate a software system reset. Writing a 1 to this bit causes an internal reset.
SSR | The software system reset is processed as a synchronous reset. The bit is automatically cleared on the assertion of
any other reset source except a software external reset.

0 Do not generate a software system reset.
1 Generate a software system reset.

1 Software external reset. Used to generate a software external reset. Writing a 1 to this bit causes the RSTOUT pin
SER |to be asserted for 2400 clocks, but the internal reset is not asserted. The bit is automatically cleared when the
software external reset completes or any other reset source is asserted. Once a software external reset has been
initiated, the RSTOUT pin is negated if this bit is cleared before the 2400 clock period expires.

0 Do not generate a software external reset.

1 Generate a software external reset.

Note: If the PLL is configured for dual controller mode writing a 1 to SER causes the RSTOUT pin to be asserted for
16000 clocks. See Section 4.2.2, “Reset Output (RSTOUT)”

2-15 |Reserved

16 Checkstop reset enable. Writing a 1 to this bit enables a reset when the checkstop reset request input is asserted.
CRE | The checkstop reset request input is a synchronous internal reset source. The CRE bit defaults to checkstop reset
enabled at POR. If this bit is cleared, it remains cleared until the next POR.

0 No reset occurs when the checkstop reset input to the reset controller is asserted.
1 A reset occurs when the checkstop reset input to the reset controller is asserted.

17-31 |Reserved

6.4.1.4 External Interrupt Status Register (SIU_EISR)

The external interrupt status register is used to record edge triggered events on the IRQ[0:5, 7:15] inputs
to the SIU. When an edge triggered event is enabled in the SIU_IREER or SIU_IFEER for an IRQ[n] input
and then sensed, the corresponding SIU_EISR flag bit is set. The IRQ flag bit is set regardless of the state
of the corresponding DMA/interrupt request enable bit in SIU_DIRER. The IRQ flag bit remains set until
cleared by software or through the servicing of a DMA request. The IRQ flag bits are cleared by writing
a 1 to the bits. A write of 0 has no effect.

NOTE
IRQ[6] is not available in this device.

208 Package: IRQ[2] is not available in the 208 package due to pin limitations.
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Address: Base + 0x0014 Access: R/W

16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R|EIF15|EIF14 | EIF13|EIF12 |EIF11 |EIF10| EIF9 | EIF8 | EIF7 | EIF6 | EIF5 | EIF4 | EIF3 | EIF2 | EIF1 | EIFO

W| wic | wic | wic | wic | wic | wic | wic | wic | wic | wic | wic | wic | wic | wic | wic | wic

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 6-5. SIU External Interrupt Status Register (SIU_EISR)

Table 6-10. SIU_EISR Field Descriptions

Field Description

0-15 |[Reserved

16-31 | External interrupt request flag n. This bit is set when an edge triggered event occurs on the corresponding IRQn
EIFn |input.

0 No edge triggered event has occurred on the corresponding IRQ[n] input.

1 An edge triggered event has occurred on the corresponding IRQ[n] input.

6.4.1.5 DMA/Interrupt Request Enable Register (SIU_DIRER)

The SIU_DIRER allows the assertion of a DMA or interrupt request if the corresponding flag bit is set in
the SIU_EISR. The external interrupt request enable bits enable the interrupt or DMA request. There is
only one interrupt request from the SIU to the interrupt controller. The EIRE bits determine which external
interrupt request flag bits assert the interrupt request signal.

NOTE
IRQI6] is not available in this device.

208 Package:  IRQ[2] is not available in the 208 package due to pin limitations.
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Address: Base + 0x0018 Access: RIW
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
R O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
W
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R| EIRE | EIRE | EIRE | EIRE | EIRE | EIRE | EIRE | EIRE | EIRE | EIRE | EIRE | EIRE | EIRE | EIRE | EIRE | EIRE
w| 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 6-6. SIU DMA/Interrupt Request Enable Register (SIU_DIRER)
Table 6-11. SIU_DIRER Field Descriptions
Field Description
0-15 |Reserved
16-31 | External interrupt request enable n. Enables the assertion of the interrupt request from the SIU to the interrupt

EIREn |controller when an edge triggered event occurs on the IRQn pin.

0 External interrupt request is disabled.
1 External interrupt request is enabled.

6.4.1.6 DMA/Interrupt Request Select Register (SIU_DIRSR)

The SIU_DIRSR allows selection between a DMA or interrupt request for events on the IRQ[0:3] inputs.
The SIU_DIRSR selects between DMA and interrupt requests. If the corresponding bits are set in
SIU_EISR and the SIU_DIRER, then the DMA/interrupt request select bit determines whether a DMA or
interrupt request is asserted.

208 Package: IRQ[2] is not available in the 208 package due to pin limitations.
Address: Base + 0x001C Access: R'W
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
R| © 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
W
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
rRROJO0jo0ojo0ojo 0] 0010 ]9 ] 9] 9 bRs|DRS|DRS|DRS
W 3 2 1 0
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 6-7. DMA/Interrupt Request Select Register (SIU_DIRSR)
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Table 6-12. SIU_DIRER Field Descriptions

Field Description

0-27 |Reserved

DIRSn |on the corresponding IRQn pin.
0 Interrupt request is selected.
1 DMA request is selected.

28-31 | DMA/interrupt request select n. Selects between a DMA or interrupt request when an edge triggered event occurs

6.4.1.7 Overrun Status Register (SIU_OSR)
The SIU_OSR contains flag bits that record an overrun.

NOTE
IRQI6] is not available in this device.

208 Package: IRQI[2] is not available in the 208 package due to pin limitations.
Address: Base + 0x0020 Access: RIW
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
R| O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R| OVF | OVF | OVF | OVF | OVF | OVF | OVF | OVF | OVF | OVF | OVF | OVF | OVF | OVF | OVF | OVF
wl 15 | 14 | 13 | 12 | 11 | 10 9 8 7 6 5 4 3 2 1 0
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 6-8. Overrun Status Register (SIU_OSR)

Table 6-13. SIU_OSR Field Descriptions

Field Function

0-15 |[Reserved

16-31 | Overrun flag n. This bit is set when an overrun occurs on the corresponding IRQn pin.
OVFn |0 No overrun has occurred on the corresponding IRQn pin.
1 An overrun has occurred on the corresponding IRQn pin.
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6.4.1.8 Overrun Request Enable Register (SIU_ORER)

The SIU_ORER contains bits to enable an overrun if the corresponding flag bit is set in the SIU_OSR. If
any overrun request enable bit and the corresponding flag bit are set, the single combined overrun request

from the SIU to the interrupt controller is asserted.
NOTE
IRQI6] is not available in this device.
208 Package: IRQ[2] is not available in the 208 package due to pin limitations.

Address: Base + 0x0024 Access: R/W

16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

R| ORE | ORE | ORE | ORE | ORE | ORE | ORE | ORE | ORE | ORE | ORE | ORE | ORE | ORE | ORE | ORE
w| 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 6-9. Overrun Request Enable Register (SIU_ORER)

Table 6-14. SIU_ORER Field Descriptions

Field Function

0-15 |[Reserved

16-31 | Overrun request enable n. Enables the overrun request when an overrun occurs on the IRQ[n] pin. Bit 31 (OREQ) is
OREn |the enable overrun flag for IRQ[0]; bit 16 (ORE15) is overrun flag for IRQ[15].

0 Overrun request is disabled.

1 Overrun request is enabled.
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6.4.1.9 IRQ Rising-Edge Event Enable Register (SIU_IREER)

The SIU_IREER allows rising edge triggered events to be enabled on the corresponding IRQ[n] pins.
Rising and falling edge events can be enabled by setting the corresponding bits in both the SIU_IREER
and SIU_IFEER.

NOTE
IRQI6] is not available in this device.
208 Package: IRQI[2] is not available in the 208 package due to pin limitations.
Address: Base + 0x0002 Access: R'W
1 3 4 9 10 11 12 13 14 15
R| 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
W

16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R| IREE | IREE | IREE | IREE | IREE | IREE | IREE | IREE | IREE | IREE | IREE | IREE | IREE | IREE | IREE | IREE
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 6-10. IRQ Rising-Edge Event Enable Register (SIU_IREER)

Table 6-15. SIU_IREER Field Descriptions

Field Function

0-15 |Reserved

16-31 | IRQ rising-edge event enable n. Enables rising-edge triggered events on the corresponding IRQn pin.
IREEn |0 Rising edge event is disabled.
1 Rising edge event is enabled.
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6.4.1.10 IRQ Falling-Edge Event Enable Register (SIU_IFEER)

The SIU_IFEER allows falling edge triggered events to be enabled on the corresponding IRQ[n] pins.
Rising and falling edge events can be enabled by setting the corresponding bits in both the SIU_IREER
and SIU_IFEER.

NOTE
IRQI6] is not available in this device.
208 Package: IRQ[2] is not available in the 208 package due to pin limitations.
Address: Base + 0x002C Access: R'W
1 3 9 10 11 12 13 14 15

16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

R| \FEE | IFEE | IFEE | IFEE | IFEE | IFEE | IFEE | IFEE | IFEE | IFEE | IFEE | IFEE | IFEE | IFEE | IFEE | IFEE
w| 19 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 6-11. IRQ Falling-Edge Event Enable Register (SIU_IFEER)

The following table describes the fields in the IRQ falling-edge event enable register:
Table 6-16. SIU_IFEER Field Descriptions

Field Function

0-15 |[Reserved

16-31 | IRQ falling-edge event enable n. Enables falling-edge triggered events on the corresponding IRQ[n] pin.
IFEEn |0 Falling edge event is disabled.
1 Falling edge event is enabled.

6.4.1.11 IRQ Digital Filter Register (SIU_IDFR)

The SIU_IDFR specifies the amount of digital filtering on the IRQ[0:5, 7:15] pins. The digital filter length
field specifies the number of system clocks that define the period of the digital filter and the minimum time
a signal must be held in the active state on the IRQ pins to be recognized as an edge triggered event.

NOTE
IRQ[6] is not available in this device.

208 Package: IRQ[2] is not available in the 208 package due to pin limitations.
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Address: Base + 0x0030 Access: R/W

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
R| O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

DFL

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 6-12. External IRQ Digital Filter Register (SIU_IDFR)

Table 6-17. SIU_IDFR Field Descriptions

Field Function

0-27 Reserved

28-31 | Digital filter length. Defines the digital filter period on the IRQn inputs according to the following equation:
DFL
Filter Period = (SystemClockPeriod x ZDFL) + 1(SystemClockPeriod)

For a 82-MHz system clock, this gives a range of 24ns to 400us. The minimum time of three clocks accounts for
synchronization of the IRQ input pins with the system clock.

6.4.1.12 Pad Configuration Registers (SIU_PCR)

The following subsections define the SIU_PCRs for all device pins that allow configuration of the pin
function, direction, and static electrical attributes. The information presented pertains to which bits and
fields are active for a given pin or group of pins, and the reset state of the register. The reset state of
SIU_PCRs given in the following sections is that prior to execution of the BAM program. The BAM
program can change certain SIU_PCRs based on the reset configuration. See the BAM section of the
manual for more detail.

For all PCRs, if the pin is configured as an input, the ODE, SRC, and DSC bits do not apply. If the pin is
configured as an output, the HYS bit does not apply. When a pin is configured as an output, the weak
internal pull up/down is disabled regardless of the WPE or WPS settings in the PCR.

The IBE and OBE bit definitions are specific for each PCR. In cases where an 1/O function is input or
output only the IBE and OBE bits do not need to be set to enable the input or output. In cases where an 1/0
function can be either an input and output, the IBE and OBE bits must be set accordingly (IBE =1 for
input, and OBE = 1 for output). For I/O functions that change direction dynamically, such as the external
data bus, switching between input and output is handled internally and the IBE and OBE bits have no
effect.
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For all PCRs where a GP10 function is available on the pin, if the pin is configured as an output and the
IBE bit is set, the value of the pin is shown in its GPDIx_x register. Negating the IBE bit when the pin is
configured as an output reduces noise and power consumption.

The SIU_PCRs are 16-bit registers that can be read or written as 16-bit values aligned on 16-bit
boundaries, or as 32-bit values aligned on 32-bit address boundaries. Table 6-18 describes the SIU_PCR
fields.

NOTE
Not all of the fields occur in all SIU_PCRs, depending on the type of pad it
controls. See the specific SIU_PCR definition.

All pin names begin with the primary function, followed by the alternate function, and then GP1O. The
primary function is not available on all MPC5500 devices.

In some cases, the third function can be a secondary alternate, which supersedes the GPIO. Those
exceptions are noted in the documentation. For example, SIU_PCR85 configures the
CNTXB_PCSC[3]_GPIO[85] muxed signal, where CNTXB is the primary function, PCSC[3] is the
alternate function.

Figure 6-13 shows a sample PCR register with all bit fields displayed:

SIU register address Registesr.ts)it Field bit Bit Field Access
range [3:5] range [0:2] Footnotes number name Permissions

R

Address: Base + 0x0014 Access: RIW
Read value\ 0 1 12 1 14 15
e values\‘ R ° ° /B@ OBE | IBE DSC QE/H’(@ ° ° WPE | WPS
Resetvalues =~ W | —
RN E‘;SET/:D/O o o0 1 1 0o 0 0 o0 1 1
Do not configure the ietds’in PCR0-3 and PCR4-7 simultaneously as input. Configure only one set of pins as the
address i

external master operation is enabled, clear the HYS bit to 0.

Figure 6-13. Sample PCR Register Description

For identification of the source module for primary and alternate functions, and the description of these
signals, refer to Chapter 2, “Signals” of this manual. Refer to the chapter for the module that uses the signal
for an additional signal description.
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Table 6-18. SIU_PCR Field Descriptions

Field Description
02 Reserved
3-5 Pin assignment. Selects the function of a multiplexed pad. A separate port enable output signal from the SIU is
PA[0:2] |asserted for each value of this register. The size of the field can be from 1 to 3 bits, depending on the amount of
multiplexing on the pad.
PA Bit Field
- PR |
1-bit? 2-bit? 3-bit Pin Function
(2 Functions) | (4 Functions) | (5 Functions)
0 0 0 0 0 0 0 0 0 GPIO
0 0 1 0 0 1 0 0 1 Primary function
0 1 0 0 1 0 Alternate function 1
0| 1| 1] 0] 1] 1| Mainprimary function 3
1 0 0 Alternate function 2
The shaded columns indicate -
invalid bits in 1- and 2-bit PA Tjoft Invalid value
fields; the shaded rows indicate 1 1 0 Invalid value
invalid values for 3-bit PA fields.
1 1 1 Invalid value
' For all SIU_PCRs that do not comply with these rules, the PA definition is
given explicitly with the SIU_PCR definition.
2 For future software compatibility, it is recommended that all PA fields be
treated as 3-bit fields, with the unused bits written as 0.
3 The main primary function is used when the primary function is not available
on the package or is used for a different purpose.
6 Output buffer enable. Enables the pad as an output and drives the output buffer enable signal.
OBE |0 Output buffer for the pad is disabled.
1 Output buffer for the pad is enabled.
7 Input buffer enable. Enables the pad as an input and drives the input buffer enable signal.
IBE 0 Input buffer for the pad is disabled.
1 Input buffer for the pad is enabled.
8-9 Drive strength control. Controls the pad drive strength. Drive strength control pertains to pins with the fast I/O pad
DSCI0:1] | type.
00 10 pF Drive Strength
01 20 pF Drive Strength
10 30 pF Drive Strength
11 50 pF Drive Strength
10 Open drain output enable. Controls output driver configuration for the pads. Either open drain or push/pull driver
ODE | configurations can be selected. This feature applies to output pins only.
0 Open drain is disabled for the pad (push/pull driver enabled).
1 Open drain is enabled for the pad.
11 Input hysteresis. Controls whether hysteresis is enabled for the pad.
HYS |0 Hysteresis is disabled for the pad.

1 Hysteresis is enabled for the pad.
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Table 6-18. SIU_PCR Field Descriptions (continued)

Field Description

12-13 | Slew rate control. Controls slew rate for the pad. Slew rate control pertains to pins with slow or medium I/O pad types,
SRC[0:1] | and the output signals are driven according to the value of this field. Actual slew rate is dependent on the pad type
and load. See the electrical specification for this information
00 Minimum slew rate (slowest)

01 Medium slew rate
10 Invalid value
11 Maximum slew rate (fastest)

14 Weak pull up/down enable. Controls whether the weak pull up/down devices are enabled/disabled for the pad. Pull
WPE | up/down devices are enabled by default.
0 Weak pull device is disabled for the pad.
1 Weak pull device is enabled for the pad.

15 Weak pull up/down select. Controls whether weak pull up or weak pull down devices are used for the pad when weak
WPS | pull up/down devices are enabled. The WKPCFG pin determines whether pull up or pull down devices are enabled
atreset. The WPS bit determines whether weak pull up or pull down devices are used after reset, or for pads in which
the WKPCFG pin does not determine the reset weak pull up/down state.

0 The pull down value is enabled for the pad.
1 The pull up value is enabled for the pad.

6.4.1.12.1 Pad Configuration Registers 0-3 (SIU_PCR0-SIU_PCR3)

The SIU_PCRO-SIU_PCR3 registers control the pin function, direction, and static electrical attributes of
the CS[0:3]_ADDR][8:11]_GPIO[0:3] pins.

208 Package: CS[1:3]_ADDR][9:11]_GPIO[1:3] are not available due to pin limitations in the 208

package.
Address: SIU_BASE + (0x0040-0x0046) Access: RIW
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
R| O 0 0 0 0 0
PA OBE'| IBE?2 DSC ODE3| HYS WPE*|wps*
W
Reset 0 0 0 0 0 0 0 0 1 1 0 0 0 0 1 1

T When configured as CSJ[0:3], the OBE bit has no effect. When configured as GPO, set the OBE bit to one.

2 When configured as CS[0:3] or GPI, set the IBE bit to one to reflect the pin state in the GPDI register. When configured
as GPI, set the IBE bit to one.

3 When configured as CS[0:3], set the ODE bit to zero.
4 See the EBI section for weak pull up settings when configured as CS[0:3].

Figure 6-14. CS[0:3]_ADDR[8:11]_GPIO[0:3] Pad Configuration Registers
(SIU_PCRO-SIU_PCR3)
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See Table 6-18 for bit field definitions. Table 6-19 lists the PA values for
CS[1:3]_ADDR[9:11]_GPIO[1:3].

Table 6-19. PCR0O—PCR3 PA Field Descriptions

PA Field Pin Function
0b00 GPIO[0:3]
0b01 CS[0:3]
0b10 ADDR[8:11]
0b11 CS[0:3]

6.4.1.12.2 Pad Configuration Registers 8-27 (SIU_PCR8-SIU_PCR27)

The SIU_PCR8-SIU_PCR27 registers control the pin function, direction, and static electrical attributes of
the ADDR[12:31] _GPI10[8:27] pins.

208 Package: ADDR[12:31]_GPIO[8:27] pins are not available due to pin limitations.

Address: SIU_BASE + (0x0048—-0x0076) Access: R/W
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Rl O 0 0 0 0 0 0
PA |OBE'| IBE2 DSC ODE3| HYS WPE*|wps*
W
Reset 0 0 0 0 0 0 0 0 1 1 0 0 0 0 1 1

1 When configured as ADDR[12:31], the OBE bit has no effect. When configured as GPO, set the OBE bit to one.

2 When configured as ADDR[12:31] or GPO, set the IBE bit to one to reflect the pin state in the GPDI register. When
configured as GPI, set the IBE bit to one.

3 When configured as ADDR[12:31], set the ODE bit to zero.
4 See the EBI section for weak pull up settings when configured as ADDR[12:31]

Figure 6-15. Pad Configuration Registers 8-27 (SIU_PCR8-SIU_PCR27)

See Table 6-18 for bit field definitions.

6.4.1.12.3 Pad Configuration Registers 28—-43 (SIU_PCR28-SIU_PCR43)

The SIU_PCR28-SIU_PCRA43 registers control the pin function, direction, and static electrical attributes
of the DATA[0:15]_GPIO[28:43] pins.

208 Package: DATA[1:15] pins are not available in the 208 package due to pin limitations.
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Address: SIU_BASE + (0x0078-0x0096) (16) Access: RIW
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Rl O 0 0 0 0 0 0
PA |OBE'| IBE? DSC ODE3| HYS WPE*|wps*
W
Reset O 0 0 0 0 0 0 0 1 1 0 0 0 0 1 1

T When configured as DATA[0:15], the OBE bit has no effect. When configured as GPO, set the OBE bit to one.

2 When configured as DATA[0:15] or GPO, set the IBE bit to one to reflect the pin state in the GPDI register. When
configured as GPI, set the IBE bit to one.

3 When configured as DATA[0:15], set the ODE bit to zero.
4 See the EBI section for weak pull up settings when configured as DATA[0:15].

Figure 6-16. DATA[0:15]_GPIO[28:43] Pad Configuration Registers (SIU_PCR28-SIU_PCR43)
See Table 6-18 for bit field definitions.

6.4.1.12.4 Pad Configuration Register 62 (SIU_PCR62)

The SIU_PCRG62 register controls the pin function, direction, and static electrical attributes of the
RD_WR_GPIO[62] pin.

208 Package: RD_WR_GPIO[62] pin is not available in the 208 package due to pin limitations.

Address: SIU_BASE + 0x00BC Access: R/'W
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Rl O 0 0 0 0 0 0
PA |OBE'| IBE?2 DSC ODE3| HYS WPE*| WPS*
W
Reset O 0 0 0 0 0 0 0 1 1 0 0 0 0 1 1

-

When configured as RD_WR, the OBE bit has no effect. When configured as GPO, set the OBE bit to one.

When configured as RD_WR or GPO, set the IBE bit to one to reflect the pin state in the GPDI register. When
configured as GPI, set the IBE bit to one.

3 When configured as RD_WR, set the ODE bit to zero.
See the EBI section for weak pull up settings when configured as RD_WR.

Figure 6-17. RD_WR_GPIO[62] Pad Configuration Register (SIU_PCR62)
See Table 6-18 for bit field definitions.

N

6.4.1.12.5 Pad Configuration Register 63 (SIU_PCR63)

The SIU PCR63 register controls the pin function, direction, and static electrical attributes of the
BDIP_GPIO[63] pin.

208 Package: BDIP_GPIO[63] pin is not available in the 208 package due to pin limitations.

MPC5534 Microcontroller Reference Manual, Re