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Preface

About This Guide

This guide is intended to serve as a stand-alone reference for application and system
programmers of the PowerPC® 405D5 processor. It combines information from the
following documents:

PowerPC 405 Embedded Processor Core User’s Manual published by IBM Corporation
(IBM order number SA14-2339-01).

The IBM PowerPC Embedded Environment Architectural Specifications for IBM PowerPC
Embedded Controllers, published by IBM Corporation.

PowerPC Microprocessor Family: The Programming Environments published by IBM
Corporation (IBM order number G522-0290-01).

IBM PowerPC Embedded Processors Application Note: PowerPC 400 Series Caches:
Programming and Coherency Issues.

IBM PowerPC Embedded Processors Application Note: PowerPC 40x Watch Dog Timer.

IBM PowerPC Embedded Processors Application Note: Programming Model Differences
of the IBM PowerPC 400 Family and 600/700 Family Processors.

Document Organization

Chapter 1, Introduction to the PPC405, provides a general understanding of the
PPC405 as an implementation of the PowerPC embedded-environment architecture.
This chapter also contains an overview of the features supported by the PPC405.

Chapter 2, Operational Concepts, introduces the processor operating modes,
execution model, synchronization, operand conventions, and instruction conventions.

Chapter 3, User Programming Model, describes the registers and instructions
available to application software.

Chapter 4, PPC405 Privileged-Mode Programming Model, introduces the registers
and instructions available to system software.

Chapter 5, Memory-System Management, describes the operation of the memory
system, including caches. Real-mode storage control is also described in this chapter.
Chapter 6, Virtual-Memory Management, describes virtual-to-physical address

translation as supported by the PPC405. Virtual-mode storage control is also
described in this chapter.

Chapter 7, Exceptions and Interrupts, provides details of all exceptions recognized by
the PPC405 and how software can use the interrupt mechanism to handle exceptions.

Chapter 8, Timer Resources, describes the timer registers and timer-interrupt controls
available in the PPC405.

Chapter 9, Debugging, describes the debug resources available to software and
hardware debuggers.
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Chapter 10, Reset and Initialization, describes the state of the PPC405 following reset
and the requirements for initializing the processor.

Chapter 11, Instruction Set, provides a detailed description of each instruction
supported by the PPC405.

Appendix A, Register Summary, is a reference of all registers supported by the
PPC405.

Appendix B, Instruction Summary, lists all instructions sorted by mnemonic, opcode,
function, and form. Each entry for an instruction shows its complete encoding.
General instruction-set information is also provided.

Appendix C, Simplified Mnemonics, lists the simplified mnemonics recognized by
many PowerPC assemblers. These mnemonics provide a shorthand means of
specifying frequently-used instruction encodings and can greatly improve assembler
code readability.

Appendix D, Programming Considerations, provides information on improving
performance of software written for the PPC405.

Appendix E, PowerPC 6xx/7xx Compatibility, describes the programming model
differences between the PPC405 and PowerPC 6xx and 7xx series processors.
Appendix F, PowerPC Book-E Compatibility, describes the programming model
differences between the PPC405 and PowerPC Book-E processors.

Document Conventions

General Conventions

Table 1 lists the general notational conventions used throughout this document.

Table P-1: General Notational Conventions

Convention Definition
mnemonic Instruction mnemonics are shown in lower-case bold.
. (period) Update. When used as a character in an instruction

mnemonic, a period (.) means that the instruction
updates the condition-register field.

# (hash sign) In instruction listings, a hash sign (#) indicates the start
of a comment.

variable Variable items are shown in italic.

<optional> Optional items are shown in angle brackets.

ActiveLow An overbar indicates an active-low signal.

A decimal number.

Oxn A hexadecimal number.
Obn A binary number.
(rn) The contents of GPR 1.
(rA|0) The contents of the register rA, or 0 if the rA instruction
field is 0.
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Table P-1: General Notational Conventions (Cont’d)
Convention Definition

cr_bit Used in simplified mnemonics to specify a CR-bit
position (0 to 31) used as an operand.

cr_field Used in simplified mnemonics to specify a CR field
(0 to 7) used as an operand.

OBJECT,, A single bit in any object (a register, an instruction, an
address, or a field) is shown as a subscripted number or
name.

OBJECTy, A range of bits in any object (a register, an instruction,
an address, or a field).

OBJECTyp, . .. A list of bits in any object (a register, an instruction, an
address, or a field).

REGISTER[FIELD] Fields within any register are shown in square brackets.

REGISTER[FIELD, FIELD ] | Alist of fields in any register.

REGISTER[FIELD:FIELD] A range of fields in any register.

Instruction Fields

Table 2 lists the instruction fields used in the various instruction formats. They are found in
the instruction encodings and pseudocode, and are referred to throughout this document
when describing instructions. The table includes the bit locations for the field within the

instruction encoding.

Table P-2:

Instruction Field Definitions

Field

Location

Description

AA

30

Absolute-address bit (branch instructions).

0—The immediate field represents an address relative to the
current instruction address (CIA). The effective address (EA) of
the branch is either the sum of the LI field sign-extended to 32
bits and the branch instruction address, or the sum of the BD
field sign-extended to 32 bits and the branch instruction address.

1—The immediate field represents an absolute address. The EA of
the branch is either the LI field or the BD field, sign-extended to
32 bits.

BD

16:29

An immediate field specifying a 14-bit signed two’s-complement
branch displacement. This field is concatenated on the right with
0b00 and sign-extended to 32 bits.

BI

11:15

Specifies a bit in the CR used as a source for the condition of a
conditional-branch instruction.

BO

6:10

Specifies options for conditional-branch instructions. See
Conditional Branch Control, page 68

crbA

11:15

Specifies a bit in the CR used as a source of a CR-logical instruction.

crbB

16:20

Specifies a bit in the CR used as a source of a CR-logical instruction.
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Table P-2: Instruction Field Definitions (Cont’d)
Field | Location Description

cabD 6:10 Specifies a bit in the CR used as a destination of a CR-Logical
instruction.

crfD 6:8 Specifies a field in the CR used as a target in a compare or mcrf
instruction.

crfS 11:13 Specifies a field in the CR used as a source in a merf instruction.

CRM 12:19 The field mask used to identify CR fields to be updated by the
mtcrf instruction.

d 16:31 Specifies a 16-bit signed two’s-complement integer displacement
for load /store instructions.

DCRF | 11:20 A split field used to specify a device control register (DCR). The
field is used to form the DCR number (DCRN).

E 16 A single-bitimmediate field in the wrteei instruction specifying the
value to be written to the MSR[EE] bit.

LI 6:29 An immediate field specifying a 24-bit signed two’s-complement
branch displacement. This field is concatenated on the right with
0b00 and sign-extended to 32 bits.

LK 31 Link bit.

0—Do not update the link register (LR).
1—Update the LR with the address of the next instruction.

MB 21:25 Mask begin. Used in rotate-and-mask instructions to specify the
beginning bit of a mask.

ME 26:30 Mask end. Used in rotate-and-mask instructions to specify the
ending bit of a mask.

NB 16:20 Specifies the number of bytes to move in an immediate-string load
or immediate-string store.

OE 21 Enables setting the OV and SO fields in the fixed-point exception
register (XER) for extended arithmetic.

OPCD | 0:5 Primary opcode. Primary opcodes, in decimal, appear in the
instruction format diagrams presented with individual
instructions. The OPCD field name does not appear in instruction
descriptions.

rA 11:15 Specifies a GPR source operand and/or destination operand.

rB 16:20 Specifies a GPR source operand.

Rc 31 Record bit.

O0—Instruction does not update the CR.
1—Instruction updates the CR to reflect the result of an
operation.
See Condition Register (CR), page 61 for a further discussion of
how the CR bits are set.

14
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Table P-2: Instruction Field Definitions (Cont’d)
Field | Location Description

rD 6:10 Specifies a GPR destination operand.

S 6:10 Specifies a GPR source operand.

SH 16:20 Specifies a shift amount.

SIMM | 16:31 An immediate field used to specify a 16-bit signed-integer value.

SPRF 11:20 A split field used to specify a special purpose register (SPR). The
field is used to form the SPR number (SPRN).

TBRF | 11:20 A split field used to specify a time-base register (TBR). The field is
used to form the TBR number (TBRN).

TO 6:10 Specifies the trap conditions, as defined in the tw and twi
instruction descriptions.

UIMM | 16:31 An immediate field used to specify a 16-bit unsigned-integer value.

XO 21:30 Extended opcode for instructions without an OE field. Extended
opcodes, in decimal, appear in the instruction format diagrams
presented with individual instructions. The XO field name does
not appear in instruction descriptions.

XO 22:30 Extended opcode for instructions with an OE field. Extended
opcodes, in decimal, appear in the instruction format diagrams
presented with individual instructions. The XO field name does
not appear in instruction descriptions.

Pseudocode Conventions

Table 3 lists additional conventions used primarily in the pseudocode describing the
operation of each instruction.

Table P-3: Pseudocode Conventions

UGO011 (v1.3) January 11, 2010

Convention Definition
“— Assignment
A AND logical operator
- NOT logical operator
v OR logical operator
@ Exclusive-OR (XOR) logical operator
+ Two’s-complement addition
- Two’s-complement subtraction, unary minus
X Multiplication
+ Division yielding a quotient
% Remainder of an integer division. For example, (33 % 32) = 1.
| Concatenation
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Table P-3: Pseudocode Conventions (Cont’d)

Convention Definition

= # Equal, not-equal relations

<, > Signed comparison relations

<5 Unsigned comparison relations

Co:3 A four-bit object used to store condition results in compare
instructions.

b The bit or bit value b is replicated n times.

X Bit positions that are don’t-cares.

CEIL(n) Least integer > n.

CIA Current instruction address. The 32-bit address of the instruction
being described by a sequence of pseudocode. This address is
used to set the next instruction address (NIA). Does not
correspond to any architected register.

DCR(DCRN) A specific device control register, as indicated by DCRN.

DCRN The device control register number formed using the split DCRF
field in a mfdcr or mtdcr instruction.

do Do loop. “to” and “by” clauses specify incrementing an iteration
variable. “while” and “until” clauses specify terminating
conditions. Indenting indicates the scope of a loop.

EA Effective address. The 32-bit address that specifies a location in
main storage. Derived by applying indexing or indirect
addressing rules to the specified operand.

EXTS(n) The result of extending # on the left with sign bits.

if...then...else...

Conditional execution: if condition then a else b, where a and b
represent one or more pseudocode statements. Indenting
indicates the ranges of a and b. If b is null, the else does not

appear.

instruction(EA) An instruction operating on a data-cache block or instruction-
cache block associated with an EA.

leave Leave innermost do-loop or the do-loop specified by the leave
statement.

MASK(MB,ME) Mask having 1’s in positions MB through ME (wrapping if
MB > ME) and 0’s elsewhere.

MS(addr, n) The number of bytes represented by # at the location in main
storage represented by addr.

NIA Next instruction address. The 32-bit address of the next

instruction to be executed. In pseudocode, a successful branch is
indicated by assigning a value to NIA. For instructions that do
not branch, the NIA is CIA +4.
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Table P-3: Pseudocode Conventions (Cont’d)

Convention

RESERVE Reserve bit. Indicates whether a process has reserved a block of
storage.

ROTL((RS),n) Rotate left. The contents of RS are shifted left the number of bits
specified by n.

SPR(SPRN) A specific special-purpose register, as indicated by SPRN.

SPRN The special-purpose register number formed using the split
SPREF field in a mfspr or mtspr instruction

TBR(TBRN) A specific time-base register, as indicated by TBRN.

TBRN The time-base register number formed using the split TBRF field
in a mftb instruction.

Operator Precedence

Table 4 lists the pseudocode operators and their associativity in descending ord