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Technical Summary
PowerPC™ MPC505 RISC Microcontroller

The MPC505 is a member of the PowerPC Family of reduced instruction set computer (RISC) micro-
controllers (MCUs). The MPC505 implements the 32-bit portion of the PowerPC architecture, which pro-
vides 32-bit effective addresses, integer data types of 8, 16, and 32 bits, and floating-point data types
of 32 and 64 bits.

The RISC MCU processor (RCPU) integrates four execution units: an integer unit (IU), a load/store unit
(LSU), a branch processing unit {BPU), and a floating-point unit (FPU). The RCPU is capable of issuing
one sequential (non-branch) instruction per clock. In addition, branch instructions are evaluated ahead
of time when possible, resulting in zero-cycle execution time for many branch instructions. Instructions
can complete out of order for increased performance; however, the MPC505 makes themn appear se-
guential.

The MPC505 includes an on-chip, 4-Kbyte, two-way set associative, physically addressed instruction
cache, chip-select logic to reduce or eliminate external decoding logic, 4 Kbytes of static RAM, and ex-
tensive processor debugging functionality.

The MPC505 has a high-bandwidth, 32-bit data bus and a 32-bit address bus. The MCU supports 16-
bit and 32-bit memories and both single-beat and burst data memory accesses.

The MPC505 uses an advanced, 3.3-V CMOS process technclogy and maintains full interface compat-
ibility with TTL devices.

Refer to the current product selector guide (SG166/D) for current part availability.

) PowerPC is a trademark of International Business Machines Corporation.
This document contains information on a new product under development. Specilications and information herein are subject to change without notice
See disclaimers on the fast page of this document
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1 Introduction

1.1 Features

* Fully-Integrated Single-Chip Microcontroller
+ RISC MCU Central Processing Unit (RCPU)
— 32-Bit PowerPC Architecture (Comptiant with FowerPC Architecture Book 1)
— Single-Issue Processor
— integrated Floating-Point Unit
— Branch Prediction for Prefetch
— 32 Bit x 32 Bit General-Purpose Register File
— 32 Bit x 64 Bit Floating-Point Register File
— Precise Exception Model
— Internal Harvard Architecture: Load/Store Bus (L-Bus), Instruction Bus ({-Bus)
— PowerPC Time Base and Decrementer
* System Interface Unit (SIU)
— Chip-Select Logic to Reduce or Eliminate External Decoding Logic
— External Bus Interface (EBI) that Supports Synchroncus, Asynchronous, Burst Transfer, and
Pipeline Transfer Memory Types
— System Protection Features Including Bus Monitor and Periodic Interrupt Timer
— On-Chip Phase-Locked Loop (PLL), 16 MHz to 44 MHz
— Five Dual-Purpose /O Ports, Two Dual-Purpose Output Ports
* Peripheral Control Unit (PCL))
— Software Watchdog
— Interrupt Contraller to Manage External and Internal Interrupts to the CPU
— Dual-Purpose /O Port
— L-Bus IMB Interface (LIMB} Connecting L-Bus to Intermodule Bus 2 (IMB2)
= 4-Kbyte On-Chip Instruction Cache (I-Cache)
= 4-Kbyte On-Chip Static Data RAM (SRAM)
* 3.3-V Supply Voltage
* Tolerates Input Signais from 5-V Peripherals

|
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1.2 Block Diagram

ON-CHIP ON-CHIP
PERIPHERAL PERIPHERAL
INTERMODULE BUS 2 (IMB2)
PERIPHERAL —
CONTROL UNIT IRQs
(PCLY e ————————
SYSTEM
INTERFACE
UNIT v
RISC MCU (SIV) EXTERNAL
PH&%%%S)OH INTERNAL LOAD/STORE BUS (L-BUS) BUS
4-KBYTE SRAM
INTERNAL INSTRUCTION BUS (I-BUS)
4-KBYTE
-CACHE
DEgEt’gPOgENT 4----.------------.IIIIIIII.I.IIII.*— DEVEFI,.C());MENT

Figure 1 MPC505 Block Diagram

Notice in Figure 1 that the IMB2 connects the processor to any on-chip peripherals. Although the
MPC505 has no on-chip peripherals, the diagram is intended to show the operation of the IMB2 across

the MPC family.
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1.3 Pin Connections
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Figure 2 MPC505 Pin Assignments
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Figure 3 MPC505 Signals
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1.4 Memory Map

VECTOR TABLE LOCATION ——m=-
P 8IT = 0) POSSIBLE SRAM 0x00G0 G000
LOCATION
4 KETTES) (40000 OFFC
EXTERNAL

IBLE SRAM
ONE OF FOUR POSSIBLE LOCATIONS  ___y, | POE(S)CAHSN
SELECTED FOR SRAM {4 KBYTES)

0x000F FOOO

0x000F FFFC

EXTEANAL

— 0x8000 0000
EXTERNAL/RESERVED

0x8007 E00O

PERIPHERAL
CONTROL UNIT

(PCU} 0xB007 EFFC

0x8007 FOOC
(0x8007 FFFC

CONTROL REGISTERS

EXTERNAL

VEGTOR TABLE LOCATION
(P BIT - 1) POSSIBLE SRAM | ¥FFFO0000
LOCATION

(4 KBYTES) OXFFFO OFFC

EXTERNAL

POSSIBLE SRAM OxFFFF FO00
LOCATION
(4 KBYTES)

OXFFFF FFFC

Figure 4 MPC505 Memory Map

The MPC family has a unified memory map including instruction memory (I-Memy), load/store memory
{L-Mem), and all memory-mapped registers. |-Mem resides on the instruction bus; L-Mem resides on
the load/store bus. The locations of I-Mem and L-Mem are selected in the MEMMAP register located in
the SIU. In the MPCS505, the SRAM module serves as L-Mem. The MPC505 has no I-Mem module.

MOTOROLA MPC505
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2 Signal Descriptions
Table 2 MPC505 Pin List

Primary Function(s) l Port Function
Address Bus, Data Bus, Chip Selects |
ADDRI[0:11)C5[0.11] PA[0:7), PBlO:3] |
ADDR[12:15] PB[4:7)
- ADDR[16:29] — ]
DATAI0:31] — n
CsSBooT = |

Bus Conirol, Clock, Development Support

BURST, TEA, AACK, TA,
BE[0:1], BE2/ADDR30, BE3

AT[0:1], TS, CT[0:3] PJ[1:7]

BDIP, WR, PLLL/DSDO.
VF[0:2), VFLS[0:1]

WP[0'5] PL[2:7)

Bl. BR, BB, BG, ARETRY PM[3:7)
CR/DS =
DSCK, DSDI —

XTAL, EXTAL, XFCN, XFCP,
CLKOUT, ECROUT, PDWU, —
MODCLK

Reset, Interrupts
RESET, RESETOUT —
TRQ[0:6] PQ[0:6]
Test
TDI, TDO, TCK, TMS, TRST —
Power

PI[O:7]

PKI0:7]

Vbpsn: Vsssn —

Vool Vasi —

Vope. Vsse —
VDDKAP1, VDDKAP2 —

Table 3 MPC505 Power Connections

[ Pin Description
Vope. Vsse External periphery power
Vool Vsg) Internal module power
Voosn: Vsssn Clock synthesizer power
VDDKAP1 :sg;;—:cli:eer:;\;\tteerr forthe internal ascillator, time base,
VDDKAP2 Keep-alive power for the SRAM array i

T ————————————— .
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Table 4 Pins with Internal Pullups/Pulldowns

Pin Pullup/Pulldown

i)

b
3
O
Xb

2D
m
—
el
<

3
psl

| Pullup
BB
IRQ0:6]
TMS
TRST

o

Pulldoewn

Table & Signal Descriptions

Mnemonic Module Direction Description

32-bit address bus. Driven by the bus master to index the bus siave.
ADDRI{0:29] EBI Qutput Low-order bit (ADDR31) not pinned out — use byte enables instead.
BE2 functions as ADDR30 during accesses to 186-bit ports.

Address acknowledge. When asserted, indicates the slave has received

AACK EBI Input the address from the bus master.
ARETRY EBI Input When asserted, indicates the master needs to retry its address phase.
ATIO:1] EBI Output Address types. Define addressed space as user or supervisor, data or

instruction.

o Bus busy. Asserted by current bus master to indicate the bus is currently
B EBI Input/Output {in use. Prospective new master sheould wait until the current master ne-
gates this signal.

Burst data in progress. Asserted at the beginning of a burst cycle and

BDIP EBI Output negated prior to the last beat. This signal can be negated prior to the end
of a burst to terminate the burst data phase early.
BE[0:3] EBI Output Byte enables. One byte enable per byte lane of the data bus.
- Bus grant. When asserted by bus arbiter, the bus is granted to the bus
B EBI Input . :
master. Each master has its own bus grant signal.
Bi EBI Input Burst inhibit. When asserted, indicates the slave does not support burst
mode.
E— Bus request. When asserted, indicates the potential bus master is re-
B EBI Cutput . . .
guesting the bus. Each master has its own bus request signal.
— —
BURST EBI Cutput If asserted, indicates cycle is a burst cycle.
CLKOUT £BI Output Contujuously-runrlnpg cleck. All sngnals driven on the E-bus must be syn-
chronized lo the rising edge of this clock.
¢h EBI Input Cancel reservation. Each RCPU has its own CR signal. When asserted,

instructs the bus master 1o clear its reservation.

-
MOTOROQLA MPC505
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Table 5 Signal Descrlptlons (Continued}

Mnemonic

MPC505
MPC505TS/D

Module Dlrectlon Descnptlon
. i S _
P — Chip ,
CSBOOT Selects Output Chip select of system boot memory.
C5[0:11] Chip Qutput Chip-select signals lor exlernal memory devices
N SEIecls pu p-selec SIgngd ry .
CT[0:3] EBI Output Cy;le type signals. Indicate what type of bus cycle the bus master is ini-
tiating.
DATA[0:31] EBI Input/Output | 32-bit data bus.
Data strobe. Asserted by EBI at the end of a chip-select-controlted bus
DS £RI Outpu cycle atter the chip-select unit asserts the internal TA signal or the bus
pu monitor timer asserts the internal TEA signal, Also asserted at the end
of a show cycle. Used primarily by development tools.
Dev. Development serial clock. Used to clock data shifted into or out of devel-
DSCK Input .
Support opment serial port.
DSDI Dev. Input Development serial data in. Used to shift development serial data into
Support P the development port shift register.
DSDO Dev. Output Development serial data ogl. Usgd to shift development serial data out
Support of the development port shift register.
Provides a clock reference output with a frequency eaual to the crystal
ECROUT Clocks Output oscillator frequency, taken from the PLL feedback signal.
EXTAL Clocks Input _Connecllon for external crystal to the internal oscillator circuit, or clock
input.
IRQ[(:6] PCU Input interrupt request inputs.
Clock mode. The state of this signal and that of Vppsn during reset de-
termine the source of the system clock {normal operatien, 1:1 mode,
MODCLK Clock Input .
s npu PLL bypass mede, or special test mode). Refer io Table 56in 5 System
Interface Unit for details.
PA[0:7] Ports Qutput Port A discrete output signals.
PB[0:7] Ports Output Port B discrete output signals.
PDWU Clocks Output Power-down wakeup 1o external power-on reset circuit,
PI0:7] Ports input/Output | Port | discrete input/output signals.
PJ[0:7] Ports Input/Qutput | Port J discrete input/output signals.
PK[0:7] Ports Input/Output | Port K discrete input/output signals.
PL{2:7] Ports Input/Output | Port L discrete input/output signals.
PM[3:7} Ports Input‘Output | Port M discrete input/output signals.
PQI0:6] PCU Input/Output | Port Q discrete input/output signals.
PLLL Clock Qutput Indicates whether phase-locked loop is locked.
RESET EBI Input Hard reset. When asserled, devices on the bus must reset.
Resel output signal. Asserted by MCU during reset. When assered, in-
RESETOUT EBI Output structs all devices monitoring this signal to reset all parts within them.-
selves that can be reset by software.
T ERBI Inout Transfer acknowledge. When asserted, indicates the slave has received
P the data during a write cycle or returned the data durrng a read cycle.
TCK Test Input Test clock input with a pulldown resistor 1o synchronlze the test logic.
TDI Test Input Test data input with a pullup resistor sampied on the rlsmq edge of TCK.
TDO Test Output Three- statable {est data oulpul that changes on the falllng edge of TCK.
TEA EBI Input Transfer error acknowledge Asserted by an exiernal device to signal a
bus error condmon

MOTOROLA
1



Table 5 Signal Descriptions (Continued}

Mnemonic Module Direction Description

. : islor, he risi
™S Test Input Test mode select input with a putlup resmlor' Sampled onlt e rising
edge of TCK to sequence the test controller's state machine.

7 Asynchronous active-low test reset with a pullup resistor that prbvideg ;

TRST Test Input initialization of the TAP controller and other logic as required by the |
standard. ‘
TS5 EBI Qutput Transfer start. When asserted, indicates the start of a bus cycle. ‘

Power supply input to the VCO. In addition, the state of this signat and ‘

v Clocks Inout that of MODCLK during reset determine the source of the system clock :
DDSN P (normal operation, 1:1 mode, PLL bypass mode, or special test mode).
Refer to Table 56 in 5 System Interface Unit for details i
VF[0:2] Dev. Output Denotes the last -fetched' instruction or how many instructions were
Support flushed from the instruction queue.
. Dev. Denotes how many instructions are flushed from the history buifer dur-
VFLS[E] Support Qutput ing the current clock cycle. Also indicates freeze state.
Vssan Clocks Input Power ground input to the VCO.
. Dev. Qutput signals for I-bus watchpoints (WP[0:3]) and L-bus watchpoints
WP{O;
(©0:5] Support Qutput | wppa-s)).
XTAL Clocks Output Connection for external crystal to the internal oscillator circuit.
WR EBI Output Asserted: write cycle. Negated: read cycle.
XFCN Used to add an external filter circuit for the phase-locked loop. Refer 1o
XFCP, Clocks Input AN1282/D, “Board Strategies for Insuring Optimum Frequency Synthe-
sizer Performance.”

L ——eEE—,—————,—,—,—,—— e ]
MOTORGLA MPC505

12 MPCEO5TS/D



3 Central Processing Unit

The PowerPC-based RISC processor (RCPU) used in the MPC500 family of microcontroflers integrates
four execution units: an integer unit (1U), a load/store unit (LSU), a branch processing unit (BPU), and
a floating-point unit (FPU). The use of simple instructions with rapid execution times yields high efficien-
cy and throughput for MPC505-based systems.

Most integer instructions execute in one clock cycle. The FPU is designed to provide cost-effective so-
luttons to most mathematical problems. It includes single- and double-precision multiply-add instruc-
tions. Instructions can complete out of order for increased performance; however, the processor makes
execution appear sequential.

The MPC505 includes an on-chip. 4-Kbyte, two-way set-associative instruction cache. The cache uses
a least recently used (LRU) replacement algorithm.

3.1 RCPU Features
Major features of the RCPU include the following:

* High-performance microprocessor
- 8ingle clock-cycle execution for many instructions
* Four independent execution units and two register fites
— Independent LSU for load and store operations
— BPU featuring static branch prediction
— A 32-bit IU
— Fully IEEE 754-compliant FPU for both single- and double-precision operations
— Thirty-two general-purpose registers (GPRs) for integer operands
— Thirty-two floating-point registers (FPRs) for single- or double-precision operands
= Facilities for enhanced system performance
— Programmable big- and little-endian byte ordering
— Atomic memory references
* In-system testability and debugging features through boundary-scan capability
* High instruction and data throughput
— Condition register (CR) look-ahead operations performed by BPU
— Branch-folding capability during execution (zero-cycle branch execution time)
— Programmable static branch prediction on unresolved conditional branches
— A prefetch queue that can hold up to four instructions, providing look-ahead capability
— Interlocked pipelines with feed-forwarding that control data dependencies in hardware
— 4-Kbyte instruction cache: two-way set-associative, LRU replacement algorithm

3.2 RCPU Block Diagram
Figure S provides a block diagram of the RCPU.

T ———————E——— .

MPC505 MOTOROLA
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3.3 Instruction Sequencer

The instruction sequencer provides centralized control over data flow between execution units and reg-
ister files. The sequencer implements the basic instruction pipeline, fetches instructions from the mem-
ory system, issues them to available execution units, and maintains a state history so it can back the
machine up in the event of an exception.

The instruction sequencer fetches the instructions from the instruction cache into the instruction pre-
fetch queue. The BPU extracts branch instructions from the pre-fetch queue and uses static branch pre-
diction on unresolved conditional branches to allow the instruction unit to fetch instructions from a pre-
dicted target instruction stream while a conditional branch is evaluated. The BPU folds out branch
instructions for unconditional branches or conditional branches unaffected by instructions in the execu-
tion stage.

Instructions issued beyond a predicted branch do not complete execution unti! the branch is resolved,
preserving the programming moedel of sequential execution. If branch prediction is incorrect, the instruc-
tion unit flushes all predicted path instructions, and instructions are issued from the correct path.

INSTRUCTION MEMORY SYSTEM

f 32

INSTRUCTION BUFFER

INSTRUCTION ADDRESS GENERATOR

A ‘ 32

BRANCH
CONDITION
> EVALUATION
-> INSTRUCTION
CUNIT PREFETCH QUEUE
w)
i
o
=
[s0]
=
=
< 32
[AT]
T

e
e

EXECUTION UNITS AND REGISTERS FILES

Figure 6 Sequencer Data Path

)
.
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3.4 Independent Execution Units

The PowerPC architecture supports independent floating-point, integer, load-store, and branch pro-
cessing execution units, making it possibie to implement advanced features such as look-ahead oper-
ations. For example, since branch instructions do not depend on GPRs or FPRs, branches can often
be resolved early, eliminating stalls caused by taken branches.

Table 6 summarizes the RCPU execution units.

Table 6 RCPU Execution Units

Unit Description

Branch processing | Includes the implementation of all branch instructions.
unit (BPU)

Includes implementation of all load and store instructions, whether defined as

Load/store unit (LSU) part of the integer processor or the floating-point processor.

includes implementation of all integer instructions except load-store instructions.
This module includes the GPRs (including GPR history and scareboard) and the
following subunits:

Integer unit {1} The IMUL-IDiV includes the implementation of the integer multiply and divide in-
structions.

The ALU-BFU includes implementation of all integer logic, add and subtract in-
structions, and bit tield instructions.

Includes the FPRs (including FPR history and scoreboard) and the implementa-
tion of alt floating-point instructions except load and store floating-point instruc-
tions.

Floating-point unit
(FPU)

The following sections describe the execution units in greater detail.

3.4.1 Branch Processing Unit (BPU)

The BPU, located within the instruction sequencer, performs condition register look-ahead operations
on conditional branches. The BPU looks through the instruction queue for a conditional branch instruc-
tion and attempts to resolve it early, achieving the effect of a zero-cycle branch in many cases.

The BPU uses a bit in the instruction encoding to predict the direction of the conditional branch. There-
fore, when an unresolved conditional branch instruction is encountered, the processor prefetches in-
structions from the predicted target stream until the conditional branch is resolved.

The BPU contains an adder to compute branch target addresses and three special-purpose, user-ac-
cessible registers: the link register (LR}, the count register (CTR), and the condition register {CR). The
BPU calculates the return pointer for subroutine calls and saves it into the LR. The LR also contains the
branch target address for the branch conditional to link register (belrx) instruction. The CTR contains
the branch target address for the branch conditional to count register (beetrx) instruction. The contents
of the LR and CTR can be copied to or from any GPR. Because the BPU uses dedicated registers rather
than general-purpose or floating-point registers, execution of branch instructions is independent from
execution of integer and floating-point instructions.

T ———————————— .
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3.4.2 Integer Unit (1U)

The U executes all integer processor instructions, except the integer storage access instructions, which
are implemented by the load/store unit. The |U contains the following subunits:

* The IMUL-IDIV unit includes the implementation of the integer multiply and divide instructions.
* The ALU-BFU unit includes the implementation of all integer logic, add and subtract, and bit field
instructions.

The IU also includes the integer exception register (XER) and the general-purpose register file.

IMUL-IDIV and ALU-BFU are implemented as separate execution units. The ALU-BFU unit can exe-
cute one instruction per clock cycle. IMUL-IDIV instructions require multiple clock cycles to execute.
IMUL-IDIV is pipelined for multiply instructions, so that consecutive multiply instructions can be issued
on consecutive clock cycles. Divide instructions are not pipelined; an integer divide instruction preceded
or followed by an integer divide or multiply instruction results in a stall in the processor pipeline. Note
that since IMUL-IDIV and ALU-BFU are implemented as separate execution units, an integer divide
instruction preceded or followed by an ALU-BFU instruction does not cause a delay in the pipeline.

3.4.3 Load/Store Unit (LSU)

The load-store unit handles all data transfer between the general-purpose and floating-point register
files and the internal load/store bus (L-bus). The load/store unit is implemented as an independent ex-
ecution unit s¢ that stalls in the memory pipeline do not cause the master instruction pipeline to stall
(unless there is a data dependency). The unit is fully pipelined so that memory instructions of any size
may be issued on back-to-back cycles.

There is a 32-bit wide data path between the ioad/store unit and the general-purpose register file and a
64-bit wide data path between the load/store unit and the floating-point register file. Single-word access-
es to the internal on-chip data RAM require one clock, resulting in two clocks latency. Double-word ac-
cesses require two clocks, resulting in three clocks latency. Since the L-bus is 32 bits wide, double-word
transfers require two bus accesses. The load/store unit performs zero-fill for byte and half-word trans-
fers and sign extension for half-word transfers.

Addresses are formed by adding the source one register operand specified by the instruction (or zero)
to either a source two register operand or to a 16-bit, immediate value embedded in the instruction.

3.4.4 Floating-Point Unit (FPU)

The FPU contains a double-precision muttiply array, the floating-point status and control register
(FPSCR), and the FPRs. The multiply-add array allows the MPC505 to efficiently implement floating-
point operations such as multiply, muitiply-add, and divide.

The MPC505 depends on a software envelope to fully implement the IEEE floating-point specification.
Overflows, underflows, NaNs, and denormalized numbers cause floating-point assist exceptions that
invoke a software routine to deliver (with hardware assistance) the correct IEEE result.

To accelerate time-critical operations and make them more deterministic, the MPC505 provides a mode
of operation that avoids invoking the software envelope and attempts to deliver results in hardware that
are adequate for most applications, if not in strict conformance with IEEE standards. In this mode, de-
normalized numbers, NaNs, and IEEE invalid operations are treated as legitimate, returning default re-
sults rather than causing floating-point assist exceptions.

MPC505 MOTOROLA
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3.5 Levels of the PowerPC Architecture

The PowerPC architecture consists of three layers. Adherence to the PowerPC architecture can be
measured in terms of which of the following tevels of the architecture are implemented;

» PowerPC user instruction set architecture (UISA) — Defings the base user-level instruction set,
user-level registers, data types. floating-point exception madel. memary madels for a uniproces-
sor environment, and programming model for a uniprocessor environment.

* PowerPC virtual environment architecture (VEA) — Describes the memory model for a multipro-
cessor environment, defines cache contral instructions, and describes other aspects of virtual en-
vironments. Implementations that conform to the VEA also adhere to the UISA, but may not
necessarily adhere to the OEA.

* PowerPC operating environment architecture (OEA) — Delines the memory management model,
supervisor-level registers, synchronization requirements, and the exception model. Implementa-
tions that confarm to the OEA alsc adhere to the UISA and the VEA,

3.6 RCPU Programming Model

The PowerPC architecture defines register-to-register operations for most computational instructions.
Source operands for these instructions are accessed from the registers or are provided as immediate
values embedded in the instruction opcode. The three-register instruction format allows specification of
a target register distinct from the two source operands. Load and store instructions transfer data be-
tween memory and on-chip registers.

PowerPC processors have two levels of privilege: supervisor mode of operation (typically used by the
operating environment) and user mode of operation {used by the application software). The program-
ming models incorporate 32 GPRs, 32 FPRs, special-purpose registers (SPRs), and several miscella-
neous registers.

Supervisor-level access is provided through the processor's exception mechanism. That is, when an
exception is taken (either due to an error or problem that needs to be serviced, or deliberately through
the use of a trap instruction), the processor begins operating in supervisor mode. The level of access
is indicated by the privilege-level (PR) bit in the machine state register (MSR).

Figure 7 shows the user-level and supervisor-fevel RCPU programming models and alsc iliustrates the
three levels of the PowerPC architecture. The numbers 1o the left of the SPRs indicate the decimal num-
ber that is used in the syntax of the instruction operands to access the register.

Note that registers such as the general-purpose registers (GPRs) and floating-point registers (FPRs)
are accessed through operands that are part of the instructions. Access to registers can be explicit (that
is, through the use of specific instructions for that purpose such as Move to Special-Purpose Register
(mtspr) and Move from Special-Purpose Register (mfspr) instructions) or implicitly as the part of the
execution of an instruction. Some registers are accessed both explicitly and implicitly.

MOTOROLA MPC505
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. B SO SUPERVISOR MODEL OEA
USER MODEL UISA

Machine State

Register
FRIO | MSR
FPR1 0 3
L ]
. 0 31
hd Supervisor-Level SPRs
FPR3t SPR18 | DAE/Source Instruction Service Register {D3ISR)
o 63 SPR19 | Data Address Register {DAR)
GPRO Condition ' SPR22 | Decrementer Register (DEC)
P Register * SPR26 | Save and Restore Register 0 (SRRO)
o cR : SPR27 | Save and Restore Register 1 (SRR1)
. L__l . SPR80 | External Interrupt Enable (EIE) *
. 0 &) '+ SPR81 | External Interrupt Disable (EID) *
GPR3 . i SPRB2 | Non-Recoverable Interrupt (NRIY *
0 at Flg:::::g ::;"‘ . SPR272 | SPR General 0 (SPRGO)
SPR273 | SPR General 1 (SPRG1)
Control -
Register : SPR274 | SPR General 2 (SPRG2)
¢ SPR275 | SPR General 3 (SPRG3)
' SPR284 [ Time Base Lawer — Write (TBL)
e 31 SPR285 [ Time Base Upper — Write (TBU)
SPR287 | Processor Version Register (PVR)
.. SPRSB0 | I-Cache Control and Status Register (ICCST) *
User-Level SPRs ": SPRS61 | I-Cache Address Register (ICADR) *
SPR1 | Integer Exception Register (XER) ||| sPRse2 | I-Cache Data Port (ICDAT) *
SPR8 | Link Register (LR) : SPR1022 | Floating-Point Exception Cause Register (FPECR) *
SPA3 | Count Register (CTR) i 0 31
0

Development Support SPRs
. sPR144 [ Comparator A Value Register (CMPA)
SPR145 | Comparator B Value Register (CMPB) *
SPR146 | Comparator C Value Register (CMPC)
" SPR147 | Comparator D Value Register (CMPD) *
USER MODEL VEA . SPR148 Exception Cause Register (ECR) *
SPR149 | Debug Enable Register {DER) *
SPR150 | Breakpoint Counter A Value and Control (COUNTA) *
SPR151 | Breakpoint Counter B Value and Control {COUNTB) *
SPR152 | Comparator E Value Register (CMPE) *

*

*

Time Base Facility

{for Reading) 5; SPR153 | Comparator F Value Register (CMPF) *
SPR268 | Time Base Lower — Read (TBL) | . SPR154 | Comparaior G Value Register (CMPG) *
SPR269 | Time Base Upper — Read (TBU) : SPR155 | Comparator H Value Register {CMPH) *

0 31 | SPRt56 | L-Bus Support Comparators Control (LCTRL1) *
: 8PR157 | 1-Bus Support Comparators Control (LCTRL2) *
SPR158 | 1-Bus Support Control Register (ICTRL) *
SPR159 | Breakpoint Address Regisler (BAR) *
SPR630 | Development Port Data Register {DPDR) *

0 31

“ Implementation-specific 1o the RCPU

Figure 7 RCPU Programming Model

EEEEEEEEEEEEE—————
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Where not otherwise noted, reserved fields in registers are ignored when written to and return zero
when read. An exception o this rule is XER[16:23). These bits are set to the value written to them and
return that value when read.

3.7 PowerPC UISA Register Set

The PowerPC UISA regislers can be accessed by either user- or supervisor-level instructions. The gen-
eral-purpose registers and floating-point registers are accessed through instruction operands.

3.7.1 General-Purpose Registers (GPRs)

Integer data is manipulated in the integer unit's thirty-two 32-bit GPRs, shown below. These registers
are accessed as source and destination registers through operands in the instruction syntax.

GPRs — General-Purpose Registers

0 3

GPRO

GPR1

GPR31

RESET: UNCHANGED

3.7.2 Floating-Point Registers (FPRs)

The PowerPC architecture provides thirty-two 64-bit FPRs. These registers are accessed as source and
destination registers through operands in floating-point instructions. Each FPR supports the double-pre-
cision, floating-point format. Every instruction that interprets the contents of an FPR as a floating-point
value uses the double-precision floating-point format for this interpretation. That is, all floating-point
numbers are stored in double-precision format.

All floating-point arithmetic instructions operate on data located in FPRs and, with the exception of the
compare instructions (which update the CR), place the result into an FPR. information about the status
of floating-point operations is placed into the floating-paint status and contral register (FPSCR) and in
some cases, into the CR, after the completion of the operation’s writeback stage. For information on
how the CR is affected by floating-point operations, see 3.7.4 Condition Register (CR).

FPRs — Floating-Point Registers

0 63
FPRO
FPRI

FPR31

RESET: UNCHANGED

e ———————————————————,———
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3.7.3 Floating-Point Status and Control Register (FPSCR)

The FPSCR controls the handling of floating-point exceptions and records status resulting from the
floating-point operations. FPSCR[0:23] are status bits. FPSCR[24:31] are control bits.

FPSCR[0:12] and FPSCR[21:23] are floating-point exception condition bits. These bits are sticky, ex-
cept for the floating-point enabled exception summary (FEX) and floating-point invalid operation excep-
tion summary {VX). Once set, sticky bits remain set until they are cleared by an merfs, mitfsfi, mtfsf,
or mtfsbh0 instruction.

Table 7 summarizes which bits in the FPSCR are sticky status bits, which are normal status bits, and
which are control bits.

Tahle 7 FPSCR Bit Categories

Bits Type
[0],[3:12], [21:23] | Status, sticky
[1:2], {13:20] Status, not sticky
[24:31] Control

FEX and VX are the logical ORs of other FPSCR bits. Therefore these two bits are not listed among the
FPSCR bits directly affected by the various instructions.

FPSCR — Floating-Point Status and Control Register

0 ! 2 3 4 5 6 7 8 9 10 1 12 13 14 15
FX FEX VX OX ux ZX XX \I’\‘J)ﬁé VXIS | VXIDI | VXZDZ | VXIMZ | VXVC FR FI | FPRFI

RESET: UNCHANGED

% 17 18 19 2 21 22 23 24 % 2% 27 8 2 30 @
FPRF[1:4] 0 S‘Q‘F} s\gér vxevi | Ve | o | e | zE | xe | N RN

RESET: UNCHANGED

A listing of FPSCR bit settings is shown in Table 8.

Table 8 FPSCR Bit Settings

Bit(s) Name Description

Floaling-point exception summary. Every floating-peint instruction implicitly sets FPSCR[FX] if
that instruction causes any of the floating-point exception bits in the FPSCR to change from zero
0 FX to one. The merfs instruction implicitly clears FPSCRIFX] if the FPSCR field containing FP-
SCRIFX] is copied. The mtfst, mifsfi, mtfsb0, and mtfsb1 instructions can set or clear FP-
SCRIFX] explicitly. This is a sticky bit.

Floating-point enabled exception summary. This bit signals the occurrence of any of the enabled
exception conditions. 1t is the logical OR of all the floating-point exception bits masked with their
1 FEX respective enable bits. The merfs instruction implicitly clears FPSCR[FEX] if the result of the log-
ical OR described above becomes zero. The mifsf, mifsfi, mtfsb0, and mtfsb1 instructions can-
not set or clear FPSCRIFEX] explicitly. This is not a sticky bit.

Floating-point invalid operation exception summary. This bit signals the occurrence of any invalid
operation exception. It is the logical OR of all of the invalid operation exceptions. The merfs in-
2 VX struction implicitly clears FPSCR[VX] it the result of the logicai OR described above becomes
zero. The mifst, mtfsfi, mtfsb0, and mtfsb1 instructions cannot set or clear FPSCR[VX] explic-
itly. This is not a sticky bit.
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Table 8 FPSCR Bit Settings (Continued)

T

Bit(s) Name Description
3 OoX Floaling-point overtlow exception. This is a sticky bit.
4 UX Floating-point underflow exception. This is a slicky bit.
5 ZX Floating-point zero divide exception. This is a sticky bit.
6 XX Floating-point inexact exception. This is a sticky bit.
7 VXSNAN | Floating-point invalid operation exception for SNaN. This is a sticky bit.
8 VXISI Floating-point invalid operation exception for es-es. This is a slicky bit.
9 VXIDI Floating-peint invalid operation exception for «/=. This is a sticky bit.
10 VXZDZ | Floating-point invalid operation exception for 0/0. This is a sticky bit.
11 VXIMZ | Floating-point invalid operation exception for «<*0. This is a sticky bit.
12 VXVC Floating-point invalid operation exception for invalid compare. This is a sticky bit.
13 FR Fleating-point fraction rounded. The last floating-point instruction that potentially rounded the in-
termediate result incremented the fraction. This bit is not sticky.

Floaling-point fraction inexact. The lasl floating-paint instruction that potentially rounded the in-

14 Fl termediate result produced an inexact fraction or a disabled exponent averflow. This bit is not
sticky.

Floating-paint result flags. This field is based on the value placed into the target register even if

that value is undefined. Refer to Table 9 for specific bit settings.

15 Floating-point result class descriptor (C). Fleating-point instructions other than the
compare instructions may set this bit with the FPCC bits, to indicate the class of the
resull.

16:19 Floating-point condition code (FPCC). Floating-point compare instructions always
set one of the FPCC bits to one and the other three FPCC bits to zero. Other

15:19 FPRF floating-point instructions may set the FPCC bits with the C bit, to indicate the class
of the result. Note that in this case the high-order three bits of the FPCC retain their
relational significance indicating that the value is less than, greater than, or equal to
zero.

16  Floating-point less than or negative {FL or <}
17  Floating-point greater than or positive (FG or >)
18  Floating-point equal or zero {FE or =}
19 Floating-point unordered or NaN (FU or ?7)
20 — Reserved
Floating-point invalid operation exceplion for software request. This bit can be altered only by the
mcrfs, mifsfi, mifsf, mtfsb0, or mtfsb1 instructions. The purpose of VXSOFT is 1o allow soft-
21 VXSOFT | ware to cause aninvalid operation condition for a condition that is not necessarily associated with
the execution of a fleating-peint instruction. For example, it might be set by a pregram that com-
putes a square root if the source operand is negative. This is a sticky bit.

Floating-point invalid operation exception for invalid square root. This is a sticky bit. This guar-

22 VXSQRT | antees that software can simulate fsqrt and frsqrie, and to provide a consistent intedace to han-
dle exceptions caused by square-root operations.

|23 VXCVI | Floating-point invalid operation exception for invalid integer convent. This is a sticky bit.

24 VE Floating-point invalid operation exception enable.

25 OE Floating-point overiflow exception enable.

o6 UE Floating-point underflow exception enable. This bit should not be used te determine whether de- |
nermalization shouid be performed on floating-point stores.

27 ZE Floating-point zero divide exception enable.

28 XE Floating-point inexact exception enable.

29 NI Non-IEEE mode bit. T

Floating-point rounding control.

00 Round to nearest

30:31 RN 01 Round toward zero

10 Round toward +infinity

11 Round toward —infinity
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Table 9 illustrates the fioating-point result flags that correspond to FPSCR{15:19].

Table 9 Fleating-Point Result Flags in FPSCR

Result Flags

(Bits 15:19) Result Value Class
Cen=?
10001 Quiet NaN
01001 - Infinity
01000 — Normalized number |
11000 — Denormalized number
10010 - Zero
00010 + Zero
10100 + Denormalized number
00100 + Normalized number
00101 + Infinity

3.7.4 Condition Register (CR)

The condition register (CR) is a 32-bit register that reflects the result of certain operations and provides
a mechanism for testing and branching. The bits in the CR are grouped into eight 4-bit fields, CRO to
CR7.

CR — Condition Register

o} 3 4 7 8 11 12 15 16 19 20 23 24 27 28 31

CRo CH1 CR2 CR3 CR4 CRs CR6 CRY

RESET: UNCHANGED
The CR fields can be set in the following ways:

* Specified fields of the CR can be set by a move instruction {mterf) to the CR from a GFR.

* Specified tields of the CR can be moved from one CRux field to another with the merf instruction.

* A specitied field of the CR can be set by a move instruction (merfs) to the CR from the FPSCR.

* A specified field of the CR can be set by a move instruction (merxr) to the CR from the XER.

* Condition register Jogical instructions can be used to perform logical operations on specified bits
in the condition register.

+ CRO can be the implicit result of an integer operation,

+ CR1 can be the implicit result of a floating-point operation.

* A specified CR field can be the explicit resuit of either an integer or floating-point compare instruc-
tion.

Instructions are provided to test individual CR bits.
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3.7.4.1 Condition Register CRO Field Definition

In most integer instructions, when the CR is set 1o reflect the result of the operation (that is, when Rc =
1). and for addic., andi., and andis., the first three bits of CRO are set by an algebraic comparison of
the result to zero; the fourth bit of CRO is copied from XER[SO]. For integer instructions, CR[0:3] are set
to retlect the result as a signed quantity. The result as an unsigned quantity or a bit string can be de-
duced from the EQ bit.

The CRO bits are interpreted as shown in Table 10. If any portion of the result (the 32-bit value placed
into the destination register) is undefined, the value placed in the first three bits of CRO is undefined,

Table 10 Bit Settings for CRO Field of CR

" CRO Bit Description
0 Negative (LT} — This bit is set when the result is negative.
1 Pasitive (GT) — This bit is set when the result is positive (and not zero).

2 Zero (EQ) — This bitis set when the result is zero.
3 Summary overflow (SO) — This is a copy of the final state of XER[SO] at the completion of ihe instruction.

3.7.4.2 Condition Register CR1 Field Definition

In all floating-point instructions when the CR is set to reflect the result of the operation (that is, when Rc
= 1), the CR1 field (bits 4 to 7 of the CR) is copied from FPSCR{0:3] to indicate the floating-point excep-
tion status. For more information about the FPSCR, see 3.7.3 Floating-Point Status and Control Reg-
ister (FPSCRY). The bit settings for the CR1 field are shown in Table 11.

Table 11 Bit Settings for CR1 Field of CR

CR1 Bit Description

Floating-Point Exception (FX) — This is a copy of the final state of FPSCR[FX] at the completion of the in-
struction.

Floating-Point Enabled Exception (FEX) — This is a copy of the final state of FPSCR[FEX] at the completion
of the instruction.

Floating-Foint Invalid Exception {(VX) — This is a copy of the final state of FPSCR[VX] at the completion of
the instruction.

Floating-Point Qvertlow Exception (OX) — This is a copy of the final state of FPSCR[OX] at the completion
of the instruction.

T,
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3.7.4.3 Condition Register CRn Field — Compare Instruction

When a specified CR field is set by a compare instruction, the bits of the specified tield are interpreted

as shown in Table 12. A condition register field can also be accessed by the mfer, merf, and mterf
instructions.

Table 12 CRn Field Bit Settings for Compare instructions

CRn Bit! Description
! Less Than, Floating-Point Less Than (LT, FL).
0 Far integer compare instructions, (rA) < SIMM, UIMM. or (rB} (algebraic comparison) or {rA} SIMM, UMM,
! or {rB} (logicat comparison).
: For floating-point compare instructions. (frA) < (frB).
f Greater Than, Floating-Point Greater Than (GT, FG).
1 Forinteger compare instructions, (rA) > SIMM, UIMM, or (rB) (algebraic comparison) or (rA) SIMM, UIMM,
or {rB) {logical comparison).
For floating-point compare instructions, (frA) > (frB).
Equal, Floating-Point Equal (EQ, FE).
2 For integer compare instructions, (rA) = SIMM, UIMM, or (rB).
For tloating-point compare instructions, (frA) = (frB).

Summary Overflow, Floating-Point Unordered (SO, FU).

3 For integer compare instructions, this is a copy of the final state of XER[SQ] at the completion of the in-
struction.

For floating-point compare instructions, one or both of (frA) and {(#rB) is not a number (NaN).

NOTES:
1. Here, the bit indicates the bit number in any one of the tour-bit subfields, CRO-CR7

3.7.5 Integer Exception Register (XER)
The integer exception register (XERY} is a user-level, 32-bit register.

XER — Integer Exception Register SPR 1
0 1 2 3 2425 26 27 28 2% N0 31
| so [ ov | caJo 0 0 0o 000000000000 00 0 BYTES |

RESET: UNCHANGED

The bit definitions for XER, shown in Table 14, are based on the operation of an instruction considered
as a whole, not on intermediate results. For example, the result of the subtract from carrying (subfcx)
instruction is specified as the sum of three values. This instruction sets bits in the XER based on the
entire operation, not on an intermediate sum.

In most cases, reserved fields in registers are ignored when written to and return zero when read. How-
ever, XER[16:23] are set to the value written t¢ them and return that value when read.

Table 13 Integer Exception Register Bit Definitions

Bit(s) Name Description
Summary Overflow (80) — The summary overdlow bit is sel whenever an instruction sets the
0 e overflow bit {(OV) to indicate overflow and remains set until software clears it. [t is not altered by

compare instructions or other instructions that cannot overflow.

Qverflow (OV) — The overflow bit is set to indicata that an overflow has occurred during execu-

1 ov tion of an instruction. Integer and subtract instructions having OE = 1 set OV if the carry out of
bit 0 is not equal to the carry out of bit 1, and clear it otherwise. The OV bit is not altered by com-
) pare instructions or other instructions that cannot overflow.
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Table 13 Integer Exception Register Bit Definitions

Bit(s) Name Description

Carry (CA) — In general, the carry bit is set to indicate that a carry out of bit 0 occurred duriﬁg—
execution of an instruction. Add carrying, subtract from carrying, add extended, and subtract
CA from extended instructions set CA 1o one if there is a carry out of bit 0, and clear it otherwise.

2 The CA bit is not altered by compare instructions or other instructions that cannot carry, except
that shift right algebraic instructions set the CA bit to indicate whether any ‘1’ bils have been
shifted out of a negative quantity.

3:24 — Reserved

This field specifies the number of bytes to be transferred by a Load String Word indexed (Iswx)

25:31 BYTES or Store String Word Indexed (stswx) instruction.

L.

3.7.6 Link Register {LR)

The 32-bit link register supplies the branch target address for the Branch Conditional to Link Register
{belrx) instruction, and can be used to hold the logical address of the instruction that follows a branch
and link instruction.

Note that although the two least-significant bits can accept any values written to them, they are ignored
when the LR is used as an address.

Both conditional and unconditional branch instructions include the option of placing the effective ad-
dress of the instruction following the branch instruction in the LR. This is done regardless of whether
the branch is taken.

LR — Link Register SPR 8

0 3

Branch Address

RESET: UNCHANGED

3.7.7 Count Register (CTR}

The count register {CTR} is a 32-bit register for holding a loop count that can be decremented during
execution of branch instructions that contain an appropriately coded BO field. If the value in CTR is zero
before being decremented, it is —1 afterward. The count register provides the branch target address for
the Branch Conditional to Count Register (beetrx) instruction.

CTR — Count Register SPR 9

0 Kl

L Loop Count

RESET: UNCHANGED

3.8 PowerPC VEA Register Set — Time Base

The PowerPC virtual environment architecture (VEA) defines registers in addition to those in the UISA
register set. The PowerPC VEA register set can be accessed by all software with either user- or super-
visor-level privileges.

The PowerPC VEA includes the time base facility (TB), a 64-bit structure that contains a 64-bit unsigned
integer that is incremented periodically. The frequency at which the counter is updated is implementa-
tion-dependent,
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The TB consists of two 32-bit registers: time base upper (TBU) and time base lower (TBL). In the context
of the VEA, user-level applications are permitted read-only access to the TB. The OEA defines super-
visor-level access to the TB for writing values to the TB. Different SPR encodings are provided for read-
ing and writing the time base.

TB — Time Base (Reading) SPR 268, 269

0 332 83

TBU TBL

RESET: UNCHANGED

Table 14 Time Base Field Definitions

Bits Name Descriptibn
0:31 TBU | Time Base (Upper) — The high-order 32 bits of the time base
32:63 TBL | Time Base (Lower) — The fow-order 32 bits of the time base

In 32-bit PowerPC implementations such as the RCPL, it is not possible to read the entire 64-bit time
base in a single instruction. The mftb simplified mnemonic copies the lower half of the time base reg-
ister (TBL) to a GPR, and the mftbu simplified mnemonic copies the upper half of the time base (TBU)
to a GPR.

3.9 PowerPC OEA Register Set

The PowerPC operating environment architecture {OEA) includes a number of SPRs and other regis-
ters that are accessible only by supervisor-level instructions. Some SPRs are RCPU-specific; some
RCPU SPRs may not be implemented in other PowerPC processors, or may not be implemented in the
same way.

3.9.1 Machine State Register (MSR)

The machine state register is a 32-bit register that defines the state of the processor. When an exception
occurs, the current contents of the MSR are loaded into SRR1, and the MSR is updated to reflect the
exception-processing machine state. The MSR can also be moditied by the mtmsr, se¢, and i instruc-
tions. It can be read by the mfmsr instruction.

MSR — Machine State Register

0 1 2 3 4 5 [ 7 8 9 10 11 12 13 14 15
RESERVED J ILE—I
RESET;

0 0 0 0 0 0 0 0 0 0 0 0 o 0 0 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 3
LEE [ PR [ G [FEO | s | e I rer [ o l P ] RESERVED ] R LE—I

RESET-
0 0 0 u 0 0 0 0 0 . 0 0 0 0 0 0

"Reset value of this bit depends on the value of the data bus reset configuration word.
Table 15 shows the bit definitions tor the MSR.

)
EEEEEEE—,,—————— . .
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Table 15 Machine State Register Bit Settings

Bit(s) Name Description ' i
- — - __*
0:14 — Reserved 1
Exception little endian mode. When an exception occurs, this bit is copied into MSR[LE] to select |
the endian mode for the context established by the exception.
15 ILE - , ) . . i
0 = Processor runs in big endian mode during exception processing. :
1 = Processor runs in little endian mode during exception processing. !
1
External interrupt enable }
16 EE 0 = The processor delays recognition of externai interrupts and decrementer exception condi- |
tions. }
1 = The processor is enabled to take an external interrupt or the decrementer exception.
Privilege level |
17 PR 0 = The processor can execute both user- and supervisor-level instructions.
1 = The processor can only execute user-level instructions.
Floating-point available
0 = The processor prevents dispatch of floating-point instructions, including floating-point loads,
18 FP stores and moves. Floating-point enabled program exceptions can still occur and the FPRs
can still be accessed.
1 = The processor can execute floaling-point instructions, and can take floating-point enabled
exceplion lype program exceptions.
Machine check enable
19 ME 0 = Machine check exceptions are disabled.
1 = Machine check exceptions are enabled.
20 FEQ |Floating-point exception mode 0 (See Table 16.)
Single-step trace enable
0 = The processor executes instructions normally.
1 = The processor generates a single-step trace exception upon the successful execution of the
21 SE . ) N . : : . .
next instruction. When this bit is set, the processor dispaiches instructions in strict program
order. Successful execution means the instruction caused no other exception. Single-step
tracing may not be present on all implementations.
Branch trace enable
22 BE 0 = No trace exception occurs when a branch instruction is completed
1 = Trace exception occurs when a branch instruction is cempleted
23 FE1 Floating-pcint exception made 1 (See Table 16.)
24 — Reserved.
Exception prefix. The setting of this bit specifies the location of the exception vector table.
25 P 0 = Exception vector table starts at the physical address 0x0000 0000.
1 = Exception vector table starts at the physical address OxFFFO 0000.
26:29 — Reserved
Recoverable exception (for machine check and non-maskable breakpoint exceptions)
30 RI 0 = Machine state is not recoverable.
1 = Machine state is recoverable.
Little endian mode
31 LE 0 = Processor operates in big-endian mode during normal processing.

1 = Processor operales in little-endian mode during normal processing.

The floating-point exception mode bits are interpreted as shown in Table 16,

MOTORCLA
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Table 16 Floating-Point Exception Mode Bits

l

FE[0:1] Mode
lgnore exceplions mode — Floating-point exceptions do not cause the
00 . ; . .
floating-point assist error handler to be invoked.
Floating-point precise mode — The systemn floating-poin! assisl error
01,10, 11 | handter is invoked precisely at lhe instruction that caused the enabled

exception.

3.9.2 DAE/Source Instruction Service Register (DSISR)
The 32-bit DSISR identifies the cause of data access and alignment exceptions.

DSISR — DAE/Source Instruction Service Register SPR 18

0

31

DSISR }

RESET: UNCHANGED

3.9.3 Data Address Register (DAR)
After an alignment exception, the DAR is set to the effective address of a load or store element.

DAR — Data Address Register SPR 19

0

3

I

Data Address T

RESET: UNCHANGED

3.9.4 Time Base Facility (TB) — OEA

As described in 3.8 PowerPC VEA Register Set — Time Base, the time base (TB) provides a 64-bit
tncrementing counter. The VEA defines user-level, read-only access to the TB. Writing to the TB is re-
served for supervisor-level applications such as operating systems and bootstrap routines. The QEA
defines supervisor-level, write access to the TB.

TB — Time Base {Writing)

0

SPR 284, 285

3t 32 63

TBU TBL

RESET: UNCHANGED

Table 17 Time Base Field Definitions

Bits Name Description
0:31 TBU |Time Base (Upper) — The high-order 32 bils of the time base
32:63 TBL |[Time Base (Lower} — The low-order 32 bils of the time base

The TB can be written to at the supervisor privilege level only. The mttbl and mttbu simplified mnemon-
ics write the lower and upper halves of the TB, respectively. The mtspr, mttbl, and mttbu instructions
treat TBL and TBU as separate 32-bit registers; setting one leaves the other unchanged. It is not pos-
sible to write the entire 64-bit time base in a single instruction.

For information about reading the time base, refer to 3.8 PowerPC VEA Register Set — Time Base.

T TS
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3.9.5 Decrementer Register (DEC)

The decrementer (DEC, SPR 22} is a 32-bit decrementing counter defined by the PowerPC architecture
to provide a decrementer exception after a programmable delay. The DEC salisfies the following re-
quirements:

* Loading a GPR from the DEC has no effect on the DEC.

* Storing a GPR to the DEC replaces the value in the DEC with the value in the GPR.

* Whenever bit 0 of the DEC changes from zero to one, a decrementer exception request (unless
masked) is signaled. Multiple DEC exception requests may be received before the first exception
occurs; however, any additional requests are canceted when the exception occurs for the first re-
quest.

*If the DEC is altered by software and the content of bit 0 is changed from zero to ane, an exception
reguest is signaled.

The decrementer frequency is based on a subdivision of the processor clock. In the MPC505, the de-
fault frequency is 1 MHz. A bit in the system clock control register (SCCR) in the SIU determines the
clock source of both the decrementer and the time base.

With a 1-MHz input frequency, the decrementer period is 4295 seconds {approximately 71.6 minutes):
Toec = 2*2 /1 MHz = 4295 seconds

The state of DEC after standby power is restored is indeterminate. The DEC runs continuously after
power-up (unless the clock module is programmed to turn off the clock). System software must perform
any initialization. The decrementer is not affected by reset and continues counting while reset is assert-
ed. A decrementer exception may be signaled to software prior to initialization.

DEC — Decrementer Register SPR 22

0 M

Decrementing Counter

RESET: UNCHANGED

3.9.6 Machine Status Save/Restore Register 0 (SRR0)

The machine status save/restore register 0 (SRRO) is a 32-bit register that identifies where instruction
execution should resume when an rfi instruction is executed following an exception. It also holds the
effective address of the instruction that follows the System Call (s¢) instruction.

SARO — Machine Status Save/Restore Register 0 SPR 26
0 A

L SRRO

AESET: UNDEFINED

When an exception occurs, SRRO is set to point to an instruction such that all prior instructions have
completed execution and no subsequent instruction has begun execution. The instruction addressed
by SRRO may not have completed execution, depending on the exception type. SRR0 addresses either
the instruction causing the exception or the immediately following instruction. The instruction addressed
can be determined from the exception type and status bits.

.
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3.9.7 Machine Status Save/Restore Register 1 (SRR1)
SRR1 is a 32-bit register used o save machine status on exceptions and to restore machine status

when an rfi instruction is executed,
SRR1 — Machine Status Save/Restore Register 1 SPR 27

0 n
SRR1

RESET: UNDEFINED

In general, when an exception occurs, SRR1[0:15] are loaded with exception-specific information, and
MSR([16:31] are placed into SRR1[16:31].
3.9.8 General SPRs (SPRG0O-SPRG3)

SPRGO-SPRG3 are 32-bit registers provided for general operating system use, such as performing a
fast state save and for supporting multiprocessor implementations. SPRG0-SPRG3 are shown below.

SPRGO-SPRG3 — General Special-Purpose Registers 0-3 SPR 272 - SPR 275
0 31
SPRGO
SPRG1
SPRG2
5PRG3

RESET: UNCHANGED

Uses for SPRGO0-SPRG3 are shown in Table 18.

Table 18 Uses of SPRG0-SPRG3

Register Description

Software may load a unique physical address in this register to identify an area of memory reserved for
SPRGO ) ! . .
use by the exception handler. This area must be unique for each processor in the system.

SPRGH This register may be used as a scraich register by the exception handler 1o save the content of a GPR.
That GPR then can be loaded from SPRGO and used as a base register to save other GPRs to memory.

SPRG2Z | This register may be used by the operating system as needed.

SPRG3 | This register may be used by the operating system as needed.

3.9.9 Processor Version Register (PVR)

The PVR is a 32-bit, read-only register that identifies the version and revision levet of the PowerPC pro-
cessor. The contents of the PVR can be copied to a GPR by the mfspr instruction. Read access fo the
PVR is available in supervisor mode only; write access is not provided.

PVR — Processor Version Register SPR 287
0 15 16 3
L * VERSION © REVISION '

RESET: UNCHANGED
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Table 19 Processor Version Register Bit Settings

Bit(s) Name Description i
015 VERSION :f::eG-bn number that identifies the version of the processor and of the PowerPC archnecf}
16:31 REVISION | A 16-bit number that distinguishes between various releases of a particular version }

3.9.10 Implementation-Specific SPRs

The RCPU includes several implementation-specific SPRs that are not defined by the PowerPC archi-
tecture. These registers can be accessed by supervisor-leve! instructions only.

3.9.10.1 EIE, EID, and NRI Special-Purpose Registers

The RCPU includes three implementation-specific SPRs to facilitate the software manipulation of the
MSR[RI] and MSR[EE] bits. Issuing the mtspr instruction with one of these registers as an operand
causes the Rl and EE bits to be set or cleared as shown in Table 20.

A read (mtspr) of any of these locations is treated as an unimplemented instruction, resulting in a soft-
ware emulation exception.

Table 20 EIE, EID, AND NRI Registers

S?Ser:i';'.:;?)er Mnemonic | MSR[EE] | MSR[RI]
80 EIE 1 1
81 EID 0 1
82 NRI 0 0

3.9.10.2 Instruction-Cache Control Registers

The implementation-specific supervisor-level SPRs shown in Table 21 control the operation of the in-
struction cache.

Tabie 21 Instruction Cache Control Registers

S'(,:e’:jl:“";?)er Name Description
560 ICCST I-cache control and status reqister
561 ICADR l-cache address register
562 tCDAT I-cache data port (read only)

Refer to 4 Instruction Cache for details on these registers.

T ———————————————— T
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3.9.10.3 Development Support Registers
Table 22 lists the implementation-specific RCPU registers provided for development support.

Table 22 Development Support Registers

i SPR N}meer l Mnemonic Name

» (Decimal) ,

JA 144 !7 B CMPA Comparator A Value Register

| 145 " CMPB Comparator B Value Register o o

! 146 - CMPC Comparato'f C Value Register -
147 CMPD Comparétor D Value Reqgister . N
148 ECR Exception Cause Register S
149 DER Debug Enable Register ’
150 COUNTA | Breakpoint Counter A Value and Control Register B
151 COUNTB | Breakpoint Counter B Value and Control Register -
152 CMPE Comparator E Value Register T
153  CMPF Comparator F Value Register .
154 CMPG Comparator G Value Register '
155 CMPH Comparator H Value Register ]
156 LCTRL1 L-Bus Suppont Control Register 1 _:
157 LCTRL2 L-Bus Support Control Register 2
158 ICTRL I-Bus Support Control Register
159 BAR Breakpoint Address Register
630 DPDR Development Port Data Register T

Refer to the RCPU Reference Manual (RCPURM/AD) for detailed descriptions of these registers.

3.9.10.4 Floating-Point Exception Cause Register (FPECR)

The FPECR is a 32-bit supervisor-level internal status and control register used by the floating-point
assist software envelope. Refer to the RCPU Reference Manual (RCPURM/AD) for more information
on this register.

)
o —————————————— .
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3.10 Instruction Set

All PowerPC instructions are encoded as single words (32 bits). Instruction formats are consistent
among all instruction types, permitting efficient decoding to occur in parailel with operand accesses.
This fixed instruction length and consistent format greatly simplifies instruction pipeiining.

The PowerPC instructions are divided into the following categories:

* Integer instructions. These include computational and iogical instructions.
— Integer arithmetic instructions
— Integer compare instructions
— Integer logical instructions
— Integer rotate and shift instructions
* Floating-point instructions. These include floating-point computational instructions, as well as in-
structions that affect the floating-point status and control register (FPSCR).
— Floating-point arithmetic instructions
— Floating-point multiply/add instructions
— Floating-point rounding and conversion instructions
—- Floating-point compare instructions
— Floating-point status and control instructions
* Load/store instructions. These inciude integer and floating-point load and store instructions.
— Integer load and store instructions
— Integer load and store multiple instructions
— Floating-point load and store
- Primitives used to construct atomic memory operations (lwarx and stwex. instructions)
* Flow control instructions. These include branching instructions, condition register logical instruc-
tions, trap instructions, and other instructions that affect the instruction flow.
— Branch and trap instructions
— Condition register logical instructions
* Processor control instructions. These instructions are used for synchronizing memory accesses
and cache management.
— Move to/from SPR instructions
— Move to/from MSR
— Synchronize
— Instruction synchronize
* Memory control instructions. These instructions provide control of the instruction cache.
— Supervisor-level cache management instructions
— User-level cache instructions

Note that this grouping of the instructions does not indicate which execution unit executes a particular
instruction or group of instructions.

Integer instructions operate on byte, half-word, and word operands. Floating-paint instructions operate
on single-precision (one word) and double-precision (one double word) floating-point operands. The
PowerPC architecture uses instructions that are four bytes long and word-aligned. It provides for byte,
hali-word, and word operand loads and stores between memory and a set of 32 GPRs. It also provides
for word and double-word operand loads and stores between memory and a set of 32 floating-point reg-
isters (FPRs),

Computational instructions do not modity memory. To use a memory operand in a computation and then
modify the same or another memory location, the memory contents must be loaded into a register, mod-
ified, and then written back to the target location with distinet instructions.

PowerPC processors follow the program flow when they are in the normal execution state. However,
the flow of instructions can be interrupted directly by the execution of an instruction or by an asynchro-
nous event. Either kind of exception may cause cne of several components of the system software to

be invoked.
MOTOROLA MPC505
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3.10.1 Instruction Set Summary

Table 23 provides a summary of RCPU instructions. Refer to the RCPU Reference Manual (RCPURM/
AD) for a detailed description of the instruction set.

Table 23 Instruction Set Summary

Mnemonic Operand Syntax Name
add (add. addo addo.) 1D,rA rB Add i
addc (addc. addco addco.) rD,rA,rB Add Carrying : o
adde (adde. addeo addeo.} rD,rArB Add Extended
addi rO,rA,5IMM Add Immediate ]
addic ¥D,rA,SIMM Add Immediate Carrying
addic. rD,rA,SIMM Add Immediate Carrying and Record
addis rD,rA,SIMM Add Immediate Shitted "
addme (addme. addmeo addmeo.) rDrA Add to Minus One Extended
addze (addze. addzeo addzeo.) rD,rA Add to Zero Extended
and (and.) rArS,rB AND 7
andc (andc.) rA,rS,rB AND with Complement
andi. TAIS, UIMM AND immediate )
andis. rA,rS,UIMM AND Immediate Shifted
b (ba bl bla) target_addr Branch

bc (bca bel bela)

BO,Bl target_addr

Branch Conditional

beetr (beetrl)

BO,BI

Branch Conditional to Count Register

belr (belrl) BO,BI Branch Conditional to Link Register
cmp crfD,L,rA,r8 Compare

empi criD,L,rA SIMM Compare Immediate

cmpl criD,L,rA,rB Compare Logical

cmpli crfD,L,rA,UIMM Compare Logical Immediate
cntizw {cntlzw.) rA,rs Count Leading Zeros Word

crand crbD,crbA,crbB Condition Register AND
crandc crbD,crbA, crbB Condition Register AND with Complement N
creqv crbD,crbA, crbB Condition Register Equivalent
crnand crbD,crbA,crbB Condition Register NAND
crnor crbD,crbA,crbB Condition Register NOR
cror crbD,crbA,crbB Condition Register OR
crorc crbD,crbA, crbB Condition Register OR with Complement
crxor crbD,crbA crbB Condition Register XOR )
divw (divw. divwo divwo.) rD,rA,r8 Divide Word
divwu divwu. divwuo divwuo. rD,rA,rB Divide Word Unsigned
eieio — Enforce In-Order Execution of I/O
eqv (eqv.) rA,rS,rB Equivalent
extsb {extsb.) rArS Extend Sign Byte
extsh (extsh.) rArS Extend Sign Half Werd B
fabs (fabs.) DB Floating Absolute Value
) fadd (fadd.) 11D, frAfrB Floating Add {Double-Precision)

D ———————————EE———————————
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Table 23 Instruction Set Summary (Contmued)

Mnemaonic ' ' Operand Syntax Name

tadds (fadds.) T 1D, frA frB . Floating Add Single " I

tcmpo criD,frAfrB ] Fldatmg Compare Ordered . o

fempu 7 ) erfD fra frB o Floating Compare Unorderod T

fotiw  (fctiw.) - 7 frDfrB B 7 Floahng Convert lo Integer Waord .

fetiwz (fetiwz.) T 7 frrf)'ﬁ-__ - Af Floating Conven to Integer Word with Round to—g
ward Zero i

fdiv (fdiv.) ' |tDfrafB | Floating Divide (Double-Precision) o

tdivs (fdivs.) ' ' | tDrA B " | Floating Divide Single T

tmadd {tmadd.) ) N frDrAfrC B Floating Multlply Add (Double Precasmn) |

tmadds (fmadds) frD,trA frC frB Floating Multiply-Add Single

frr  (fmr.) . i D frB - Floating Move Register

fmsub (fmsub.) ' trD,frAfrC 1B [ Floating Multiply-Subtract (Double-Precision) |

fmsubs (fmsubs.) frD,fra trC B - Fioating Multiply-Subtract Single

fmul (tmul.) D fratiC Fioating Multiply (Double-Precision)

fmuls (fmuls.) 7 fro,frAfrC Floating Multiply Single

fnabs (fnabs.) ' D frB | Floating Negative Absolute Value T

fneg (fneq.) frD,frB Floating Negate ]

fnmadd (fnmadd.) feD,frAfrC frB Floating Negative Multiply-Add {(Double-Preci-
sion)

famadds (fnmadds.) fiDrANCAB | Floating Negative Multiply-Add Single

fnmsub (frmsub.) trD,frAfrC frB Floating Negative Multiply-Subtract {Double-
Precision)

famsubs (fnmsubs.) frD,trA frC B Floating Negative Multiply-Subtract Single

frsp (frsp.) frD,fr8 Floating Round to Single

fsub (fsub.} frD,frA fr8 Floating Subtract (Double-Precision)

fsubs (fsubs.} frD,frA frB Floating Subtract Single

ichi rA,rB Instruction Cache Block Invaiidate

isync — Instruction Synchronize

bz rD,d(rA) Load Byte and Zero

Ibzu rD,d(ra) Load Byte and Zero with Update

Ibzux rD,rA,r3 Load Byte and Zero with Update Indexed

Ibzx rD,rA,rB Load Byte and Zero Indexed

ifd trD,d{rA) Load Floating-Point Double

Ifdu frD,d(rA) Load Floating-Point Double with Update

Ifdux frD,rArB Load Floating-Point Double with Updaté In-
dexed

Ifdx frO,rA,r8 [ Load Fioating-Point Double Indexed |

Ifs £rD,d(rA) Load Floating-Point Single o

Itsu frD,d(rA) ' Load Floating-Point Single with Update

Fsux frO,rArB | Load Floating-Point Singie with Update Indexed |

Ifsx frD,rA,rB Load Floating-Point Single Indexed . ]

lha o ,dra) | Load Halt Word Algebraic I

lhau | myaray T Load Half Word Algebralc with Update

.
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Table 23 iInstruction Set Summary (Continued)

‘Mnemonic Operand Syn"tax ~ Name

lhaux rD,rA,rB " "TLoad Half Word Algebraic with Update Indexed
thax * rD,rA,rB Load Halt Word Algebraic Indexed
Ihbrx . rD,rA I8 ) Load Half Word Byte-Reverse Indexed |
hz rD,d(rA} ~ lLoad Half Word and Zero _
lhzu ) rD,d{rA} " Load Half Word and Zero with Update |
thzux o “rD,rA,rB" | Load Half Word and Zero with Update Indexed |
lhzx ' . rD,rA,rEi 7 T Load Half Word and Zero Indexed o
Imw ' rD,d(rA) - Load Multiple Word - ]
lswi o rD,rANB I oad String Word Immediate |
{swx o o rD,r/-\,rB Load Strrlvng Word Indexed —
Iwarx - o rD,rAB Load \}Ubrd and Reserve Indéied

Iwbrx o rD,rArB Load Word Byte-Reverse Indexed

Iwz - rD,d(rA) Load Word and Zero

lwzu rD,d(rA) Load Word and Zero with Update

fwzux i rD,rA;rB Load Word and Zero with Update Indexed ]
lwzx rDrArB Load Word anh Zero Indexed ) 1
merf crfD,erfS Move Condition Register Field

mcerfs ceriD,crfS Move to Condition Register from FPSCR

merxr criD Move to Condition Register from XER

mfcr rD Move from Condition Register

mfts (mffs.) frD Move from FPSCR

mfmsr (0] Move from Machine State Register

mfspr rD,SPR Move from Special Purpose Register

mftb rD, TBR Move from Time Base

mtcrf CRM,rS Move to Conditicn Register Fields

mtfsb0 (mtfsh0.) crbD Move to FPSCR Bit 0

mtfsb1 (mtfsb1.) crbD Move to FPSCR Bit 1

mtfst (mtfst.) FM,frB Move to FPSCR Fields

mtfsti  (mtfsfi.} crfD,IMM Move to FPSCR Field Immediate

mtmsr rS Move to Machine State Register

mispr SPR,rS Move to Special Purpase Register

muthw  {mulhw.) ro,rA,rB Multiply High Word

mulhwu  {mulhwu.) r,rA,rB Multiply High Word Unsigned ]
mulli r0,rA, SIMM Muitiply Low Immediate

mullw (mullw. mullwo mullwe.) rD,rA,rB Multiply Low

nand (nand.) rA,rS,rg NAND o
neg {(neg. nego nego.) rD,rA Negate N
'nor {nor.) rA,rS,l% NOR o
'or {or.} ) ' rA,rS,rg OR

?rc (orc.) h rA,rs,r8 7 OR with Complement o
ori o ' rAIS,UIMM OR Immediate

oris ' rAIS,UIMM OR Immediate Shifted

e
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Table 23 Instruction Set Summary (Continued)

Mnemonic

Operand Syntax

Name

]

Return from Interrupt

riwimi (rlwimi.)

rA,rS,SH,MB,ME

Rotate Left Word Immediate then Mask Insert

rlwinm (rlwinm.)

TA,rS,5H,MB,ME

Rotate Left Word Immediate then AND with
Mask

rlwnm (rlwnm.)

rA,rS,rB,M8,ME

Rotate Left Word then AND with Mask

sc — System Call

siw (siw.)} TAIS,IB Shift Left Word

sraw (sraw.) rA,rS,rB Shift Right Algebraic Word

|srawi (srawi.) rA,rS,5H | shift Right Algebraic Word Immediate

SIwW  (Srw.) rArs,rB Shift Right Word '

stb rS,d(rA) Store Byte

stbu rS,d(rA) Store Byle with Update

stbux rS,rA,rB Store Byte with Update Indexed

stbx rS,rA,IB Store Byle Indexed

stid wS.drA) Store Floating-Point Double

stfdu 1rS,d(rA) "~ | Store Floating-Point Double with Update

stfdux frs,r8 Store Floating-Point Double with Update
Indexed

stfdx frs,/B Store Floating-Point Bouble Indexed

stfiwx frs,rB Store Floating-Point as Integer Word Indexed

stfs frS,d(rA} Store Floating-Point Single

stfsu frS,d(rA} Store Floating-Paint Single with Update

stisux frS,rB Store Floating-Point Single with Update
Indexed

stfsx frS,rB Store Floating-Point Single Indexed

sth rS,d{rA) Store Half Word

sthbrx r3,rA,r8 Store Half Word Byte-Reverse Indexed

sthu rS,d(rA) Store Half Word with Update

sthux rS,rA,rB Store Half Word with Update Indexed

sthx rS,rArB Store Half Word Indexed

stmw rS,d(rA) Store Multiple Word

stswi r3,rA,NB Store String Word Immediate

stswx rS,rArB Store String Word Indexed

stw rS,dirA} Store Word

stwbrx rS,rArB Store Word Byte-Reverse Indexed

stwex. IS, rA,r8 Store Word Conditional Indexed

stwu r5,d(rA) Store Word with Update

stwux rS,rA,rB Store Word with Update Indexed

stwx rS,rA,rB Store Word Indexed

subt (subf. subfo subfo.) rD,rA,rB ) Subtract From

subfc (subfc. subfco subfco.) rD,rA,rB Subtract from éarrying

subfe {subfe. subfeo subfeoj) rD,rA,rB Subtract from Extended

‘subfic o . rD,rA‘SI-MM Subtract from Immediate Car;ying

MOTOROLA
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Table 23 Instruction Set Summary (Continued)

Mnemeonic Operand Syntax  Name
subfme (subfme. subfmeo subfmeo.) rD,rA Subtract from Minus One Extended
subfze (subfze. subfzeo subfzeo.) rC,rA Subtract from Zero Eitendeu
syne — Synchronize
tw k TO,rAIB Trap Word B
twi TO,rA,SIMM Trap Word Immediate T
'xor {(xor.) B rArS,rB XOR )
xori rAISUMM | XOR Immediate )
xoris rArS,UIMM XOR Immediate Shifled

3.10.2 Recommended Simplified Mnemonics

To simplify assembly language coding, a set of alternative mnemonics is provided for some frequently
used operations (such as no-op, load immediate, load address, move register, and complement regis-
ter).

For a complete list of simplified mnemonics, see the RCPU Reference Manual (RCPURM/AD). Pro-
grams written to be portable across the various assemblers for the PowerPC architecture should not
assume the existence of mnemonics not described in that manual.

3.10.3 Calculating Effective Addresses

The effective address (EA) is the 32-bit address computed by the processor when executing a memaory
access or branch instruction or when fetching the next sequential instruction.

The PowerPC architecture supports two simple memory addressing modes:

* EA = (rAl0) + 16-bit offset (including offset = 0) (register indirect with immediate index)
* EA = (rAlD) + 1B {register indirect with index)

These simple addressing modes allow efficient address generation for memaory accesses. Calculation
of the effective address for aligned transfers occurs in a single clock cycle.

Far a memory access instruction, if the sum of the effective address and the operand length exceeds
the maximum effective address, the storage operand is considered to wrap around from the maximum
effective address to effective address 0.

Effective address computations for both data and instruction accesses use 32-bit unsigned binary arith-
metic. A carry from bit 0 is ignered in 32-bit implementations.

3.11 Exception Model

The PowerPC exception mechanism allows the processor to change to supervisor state as a resuit of
external signals, errors, or unusual conditions arising in the execution of instructions. When exceptions
occur, information about the state of the processor is saved to certain registers, and the processor be-
gins execution at an address {exception vector) predetermined for each exception. Processing of ex-
ceptions occurs in supervisor mode.

Although multiple exception conditions can map 1o a single exception vector, a more specific condition
may be determined by examining a register associated with the exception — for example, the DAE/
source instruction service register (DSISR) and the floating-point status and control register (FPSCR).
Additionally, some exception conditions can be explicitly enabled or disabled by software.
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3.11.1 Exception Classes
The MPC505 exception classes are shown in Table 24.

Table 24 MPC505 Exception Classes

Class Exception Type |

Mac'hine check S

Asynchronous, unordered
System reset

External interrupt

Asynchroncus, ordered
Decrementer

Synchronous {ordered, pr—emse) )

instruction-caused exceptions

3.11.2 Ordered Exceptions

Inthe MPC505, all exceptions except for reset, debug port non-maskable interrupts, and machine check
exceptions are ordered. Ordered exceptions satisty the following criteria:

= Only one exceplion is reported at a time. If, for example, a single instruction encounters multiple
exception conditions, those conditions are encountered sequentially. After the exception handler
handles an exception, instruction execution continues until the next exception condition is en-
countered.

* When the exception is taken, no program state is lost.

3.11.3 Unordered Exceptions

Unordered exceptions may be reported at any time and are not guaranteed to preserve program state
information. The processor can never recover from a reset exception. It can recover from other unor-
dered exceptions in most cases. However, if a debug port non-maskable interrupt or machine check
exception occurs during the servicing of a previous exception, the machine state information in SRRQ
and SRA1 {and, in some cases, the DAR and DSISR) may not be recoverable; the processor may be
in the process of saving or restoring these registers.

To determine whether the machine state is recoverable, the user can read the Rl (recoverable excep-
tion) bit in SRR1. During exception processing, the Rl bit in the MSR is copied to SRR1 and then
cleared. The operating system should set the Rl bit in the MSR at the end of each exception handlers
prologue (after saving the program state) and clear the bit at the start of each exception handler's epi-
logue (before restoring the program state). Then, if an unordered exception occurs during the servicing
of an exception handler, the Rl bit in SRR1 will contain the correct value.

3.11.4 Precise Exceptions

In the MPC505, all synchronous (instruction-caused) exceptions are precise. When a precise exception
occurs, the processor backs the machine up to the instruction causing the exception. This ensures that
the machine is in its correct architecturally-defined state. The following conditions exist at the point a
precise exception occurs:

1. Architecturally, no instruction following the faulting instruction in the code stream has begun ex-
ecution.

2. Allinstructions preceding the faulting instruction appear to have completed with respect to the
execuling processor.

3. SRRO addresses either the instruction causing the exception or the immediately following in-
struction. Which instruction is addressed can be determined from the exception type and the
status bits.

4. Depending on the type of exception, the instruction causing the exception may not have begun
execution, may have partially completed, or may have completed execution.
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3.11.5 Exception Vector Table

The setting of the exception prefix (IP) bit in the MSR determines how exceptions are vectored. If the
bit is cleared, the exception vector table begins at the physical address 0x0000 0000;  IP 1s set, the
exceplion vector table begins at the physical address 0xFFF0 0000. Table 25 shows the exception vec-
tor offset of the first instruction of the exception handler routine for each exception type.

Table 25 Exception Vector Offset Table

Hexadecimal Exception Type

-~ 00000 | Reserved
00100 N System reset -
00200 | Machine check
00300 " Reserved
00400 Reserved
00500 External interrupt
00600 Alignment
00700 o Program
00800 Floating-point unavailable

B 00900 » Decrementer
00AQ0 Reserved
C0BOO Reserved
00C0o0 System call
00D00 Trace
GOEOC Floating-point assist
01000 Software emulation
01C00 Data breakpoint
01D00 Instruction breakpoint
01E00 Maskable external breakpoint
01F00 Non-maskable external breakpoint

3.12 instruction Timing

The MPC505 processor is pipelined. Because the processing of an instruction is broken into a series of
stages, an instruction does not require the entire resources of the processor.

The instruction pipeline in the MPC505 has four stages:

1. The dispatch stage is implemented using a distributed mechanism. The central dispatch unit
broadcasts the instruction to all units. in addition, scoreboard information (regarding data de-
pendencies) is broadcast 1o each execution unit. Each execution unit decedes the instruction.
If the instruction is notimplemented, a program exception is taken. If the instruction is legal and
no data dependency is found, the instruction is accepted by the appropriate execution unit, and
the data found in the destination register is copied to the history butfer. If a data dependency
exists, the machine is stalled until the dependency is resolved.

2. In the execute stage, each execution unit that has an executable instruction executes the in-
struction. (For some instructions, this occurs over multiple cycles).

3. Inthe writeback stage, the execution unit writes the result to the destination register and reports
to the history buffer that the instruction is completed.

4. In the retirement stage, the history buffer retires instructions in architectural order. An instruc-
tion retires from the machine if it completes execution with no exceptions and if all instructions

) preceding it in the instruction stream have finished execution with no exceptions. As many as
six instructions can be retired in one clock.
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The history buffer maintains the correct architectural machine state. An exception is taken only when
the instruction is ready to be retired from the machine (i.e., after all previously-issued instructions have
already been retired from the machine). When an exception is 1aken, all instructions following the ex-
cepting instruction are canceled, i.e., the values of the affected destination registers are restored using
the values saved in the history buffer during the dispaltch stage.

Figure 8 shows basic instruction pipeline timing.

i E e T e Y e A RS N

L
DECODE e e )
AEAD AND EXECUTE n 'S

WRITE BACK (TO DEST REG) o ()
L ADDRESS DRIVE o

L DATA ‘STORE: < LOAD:
LOAD WRITE BACK ot
BRANCH DECODE T

BRANCH EXECUTE o

Figure 8 Basic Instruction Pipeline

Table 26 indicates the latency and blockage for each type of instruction. Latency refers to the interval
from the time an instruction begins execution until it produces a result that is available for use by a sub-
sequent instruction. Blockage refers to the interval from the time an instruction begins execution until
its execution unit is available for a subseguent instruction. Note that when the blockage eguals the la-
tency, it is not possible to issue another instruction to the same unit in the same cycle in which the first
instruction is being written back.

Table 26 Instruction Latency and Blockage

Instruction Type Precision Latency Biockage
Floating-point Double 7 7
multipiy-add Single 6 6
Floating-point Doubte 4 4
add or subtract Single 4 4
Floating-point multiply %?:;f i i
Floating-point divide %?:;I: 1; 1;
Integer multiply — 2 tor2
ml_n—t.éger divide — 2to 11’ 2t0 11’
Integer load/store — See note’ See note’

NOTES:
1. Refer to Section 7, “Instruction Timing,” in the RCPU Reference Manual
{RCPURM/AD) for details.

.|
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4 Instruction Cache

The MPC505 instruction cache (l-cache) 1s a 4-Kbyte, two-way set associative cache. The cache is or-
ganized into 128 sets, with two lines per set and four words per line. Cache lines are aligned on fout-
word boundaries in memaory.,

A cache access cycle begins with an instruction request from the CPU instruction unit. in case of a
cache hit, the instruction is delivered to the instruction unit. In case of a cache miss, the cache initiates
a hurst read cycle {four beats per burst, one word per beat) on the instruction bus {I-bus) with the ad-
dress of the requested instruction. The first word received from the bus is the requested instruction. The
cache forwards this instruction to the instruction unit as soon as it is received from the I-bus. A cache
line is then selected to receive the data which will be coming from the bus. An LRU (least recently used)
replacement algorithm is used to select a line when no empty lines are avallable.

Each cache line can be used as an SRAM, allowing the application to lock critical code segments that
need fast and deterministic execution time.

Cache coherency in a multi-processor environment is maintained by software and supported by a fast
hardware invalidation capability.

4.1 Instruction Cache Features
* Four Kbytes, two-way set associative, four words in a line
» LRU replacement policy
= Lockable SRAM (cache line granularity)
= Critical word first burst access
* Stream hit (allows fetch from the burst buffer and of the word currently on the I-bus)
« Efficiently utilizes the pipeline of the I-bus by initiating a new burst cycle (if miss is detected) while
delivering the tail of the previous missed line to the instruction unit
= Cache control:
— Supports PowerPC invalidate instruction
— Supports load and lock {cache line granularity)
* Supports cache inhibit;
— As a cache mode of operation (cache disable)
— On memory regions (supported by the chip select logic)
* Miss latency is reduced by
— Sending address to the cache and to the I-bus simultaneously; and
— Aborting on cache hit before ¢ycle goes external
* Minimum operational power consumption
* Supports reads of tags (including all attributes) and data arrays (for debugging purposes)

4.2 Instruction Cache Organization
Figure 9 illustrates the I-cache arganization.

T,
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Figure 10 illustrates the data path of the |-cache.

|
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Figure 10 Instruction Cache Data Path
4.3 Programming Model
Three special purpose registers (SPRs) control the |-cache:
Table 27 Instruction Cache Programming Model
SPR Number -
Name (Decimal) Description
ICCST 560 I-cache control and status register
ICADR 561 I-cache address register
ICDAT 562 I-cache data port (read only)

These registers are privileged; attempting to access them when the CPU is operating at the user privi-
lege level results in a program exception.

ICCST — |-Cache Control and Status Register SPR560
0 1 2 3 4 5 6 7 8 T T R T P R S
DEN I RESERVED CMD RESERVED |CCEH1 ]CCEHE [ GCER3 { RESERVED
RESET;
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
17 8 19 2 2 2 23 24 2 2 27 28 4 30 a
L RESERVED ]
RESET. ' h
) 0 0 0 0 0 0 9 0 0 0 0 0 o 0 9 0
—
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Table 28 ICCST Bit Settings

i Bits Mnemonic Description

|I-cache enable status bit. This bit is a read-only bit. Any- g!.tempt to write il is ignored.
0 1EN 0 = |-cache is disabled
1 = |l-cache is enabled

1.3 — ) Reserved

|-Cache Command
000 = No command
001 = Cache enable
010 = Cache disable
! 4.6 CMD 011 = Load & lock
100 = Unlock line
101 = Unlock all
110 = Invalidate all
111 = Reserved

7.9 — Reserved
I-Cache Error Type 1 (sticky bit)
10 CCER1 0 = No error
1 = Error
|-Cache Error Type 2 (slicky bit)
11 CCER2 0 = No error
1 = Error
I-Cache Error Type 3 (sticky bit}
12 CCER3 0 = No error
1 = Error
13:31 — Reserved
ICADR — |-Cache Address Register SPR561

o 1t 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 2% 30 3

i ADR

Table 29 -Cache Address Register (ICADR)

Bits Mnemeonic Description
031 ADR The address to be used in the command pregrammed in the control and status
’ register
ICSDAT — I-Cache Data Register SPR 562

001 2 3 4 5 6 7 8 ¢ 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 2B 29 30 31

T DAT

Table 30 I-Cache Data Register (ICDAT)

0:31

E__E-l“i-ts l Mnemonic Description

DAT The data received when read.i-:il.g.;- information from the I-cache

|
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4.4 Cache Operation

On an instruction fetch, bits [21:27] of the instruction’s address are used as an index into the cache 1o
retrieve the tags and dala of one set. The tags from both accessed lines are then compared to bits [0:20]
of the instruction’s address. If a maich is found and the matched entry is valid. then the access is a
cache hit.

If neither tag matches or if the matched tag is not valid, the access is a cache miss.

The I-cache includes one burst bufter that holds the last line received from the bus, and one line buffer
that holds the last line received from the cache array. If the requested data is found in one of these buff-
ers, the access is considered a cache hit.

To minimize power consumption, the I-cache atternpts to make use of data stored in one of its internal
buffers. Using a special indication from the CPU, it is also possible, in some cases, to detect that the
requested data is in one of the buffers early enough so the cache array is not activated at all,

4.4.1 Cache Hit

On a cache hit, bits [28:29] of the instruction’s address are used to select one word from the cache line
whose tag matched. In the same clock cycle, the instruction is transferred to the instruction unit of the
processor.

4.4.2 Cache Miss

On a cache miss, the address of the missed instruction is driven on the I-bus with a four-word burst
transfer read request. A cache line is then selected to receive the data that will be coming from the bus.
The selection algarithm gives first priority to invalid lines. If neither of the two candidate lines in the se-
lected set are invalid, then the least recently used line is selected for replacement. Locked lines are nev-
er replaced.

The transfer begins with the word requested by the instruction unit {critical word first), followed by any
remaining words of the line, then by any remaining words at the beginning of the line (wrap around). As
the missed instruction is received from the bus, it is immediately delivered to the instruction unit and
also written to the burst buffer.

As subsequent instructions are received from the bus they are also written into the burst buffer and, if
needed, delivered to the instruction unit (stream hit) either directly from the bus or from the burst buffer.
When the entire line resides in the burst buffer, it is written to the cache array if the cache array is not
busy with an instruction unit request.

If a bus error is encountered on the access to the requested instruction, a machine check interrupt is
taken. if a bus error occurs on any access to other words in the line, the burst buffer is marked invalid
and the line is not written to the array. If no bus error is encountered, the burst buffer is marked valid
and eventually is written to the array.

Together with the missed word, an indication may arrive from the |-bus that the memory device is non-
cacheable. If such an indication is received, the line is not written to the cache, so that subsequent ref-
erences to the same line will cause the line to be refetched.

4.5 Cache Commands

The MPCS505 instruction cache supports the PowerPC invalidate instruction together with some addi-
tional commands that help control the cache and debug the information stored in it. The additional com-
mands are implemented using the three special purpose control registers ICCST, ICADR, and ICDAT.

Most of the commands are executed immediately after the control register is written and cannot gener-

) ate any errors. When these commands are executed, there is no need to check the error status in the
ICCST.
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Some commands may take longer and may generate errors. In the MPC505, only load & lock ts such
a command. When executing this command, the user needs fo insert an isync instruction immediately
after the I-cache command and check the error status in the ICCST after the isync. The error type bits
inthe ICCST are sticky, allowing the user to perform a series of I-cache commands before checking the
termination status. These bits are set by hardware and cleared by software.

All cache commands except the icbi CPU instruction reguire setting the appropriate bits in the ICCST.
Since the ICCST is a supervisor-level register, anly the icbi instruction can be performed at the user
privilege level.

4.5.1 Instruction Cache Block Invalidate

The MPC505 implements the PowerPC instruction cache block invalidate {icbi) as if it pertains only to
the MPC505 instruction cache. This instruction does not broadcast on the external bus and the CPU
does not snoop this instruction it broadcast by other masters.

This command is not privileged and has no error cases that the user needs to check.

4.5.2 Invalidate All

To invalidate the whole cache, set the invalidate all command in the ICCST. This command has no
error cases that the user needs to check.

The command makes all valid lines in the cache invalid, except lines that are locked. After this command
is executed, the LRU pointer of each set points to an unlocked way. If both lines in the set are unlocked,
the LRU pointer points to way zero. This last feature is useful in order tc initialize the I-cache out of reset.

4.5.3 Load and Lock

The load & lock cperation is used to lock critical code segments in the cache. The load & lock cper-
ation is performed on a single cache line, After a line is locked it operates as a regular instruction SRAM:
it will not be replaced during future misses and will not be affected by invalidate commands,

Atter the load & lock command is written to the ICCST, the cache checks if the line containing the byte
addressed by the ICADR is in the cache. If it is, the line is locked and the command terminates with no
exception. i the line is not in the cache a regular miss sequence is initiated. After the whole line is
placed in the cache the line is locked.

The user needs to check the error type bits in the ICCST to determine it the operation completed prop-
erly or not. The load & lock command can generate two errors:

* Type 1 — bus error in one of the cycles that fetches the line.
* Type 2 —no place to lock. It is the responsibility of the user to make sure that there is at least one
unlocked way in the appropriate set.

4.5.4 Unlock Line

The unlock line operation is used to unlock locked cache lines. The unlock line operaticn is performed
on a single cache line. If the line is found in the cache (cache hit), it is unlocked and starts to operate
as a regular valid cache line. If the line is not found in the cache (cache miss), no operation is performed,
and the command terminates with no exception.

This command has no error cases that the user needs to check.

4.5.5 Unlock All

The unlock all operation is used to unlock the whole cache. This operation is performed on all cache
lines. If a line is locked, it is unlocked and starts to operate as a regular valid cache line. If a line is not
locked or it it is invalid, no operation is performed.

This command has nc error cases that the user needs to check.

]
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4.5.6 Cache Enable

To enable the cache. set the cache enable command in the ICCST. This operation can be performed
only at the supervisor privilege level. The cache enable cormmand has no error cases that the user
needs 10 check.

Following reset, the invalidate all and unlock all commands must be performed before the cache en-
able command.
4.5.7 Cache Disable

To disable the cache, set the cache disable command in the ICCST. This operation can be performed
only at the supervisor privilege level. The cache disable command has no error cases that the user

needs o check.

4.5.8 Cache Inhibit
A memory region can be programmed in the chip select logic to be cache inhibit. Any reference to a
cache inhibited memory region always results in cache miss.

4.5.9 Cache Read

The user can read all data stored in the instruction cache, including the data stored in the tags array.
To read the data that is stored in the I-cache, follow these steps:

1. Write to the ICADR the address of the data to be read. Note that it is also possible to read this
register for debugging purposes.
2. Readthe ICDAT.

Sothat all parts of the |-cache can be accessed, the ICADR is divided into several fields, shown in Table

3.
Table 31 ICADR Bits Function for the Cache Read Command
0:17 18 19 20 21:27 28:29 30:31
O=ta 0= way 0 Word select
Reserved = 'ag = way Reserved Set select {used only for Reserved
1= data 1 =way1
data array)

When the data array is read from, the 32 bits of the word selected by the ICADR are placed in the target
general-purpose register.

When the tag array is read, the 21 bits of the tag selected by the ICADR, along with additional informa-

tion, are placed in the target general-purpose register. Table 32 illustrates the bits layout of the I-cache
data register when a tag is read.

Table 32 ICDAT Layout During a Tag Read

0:20 21 22 23 24 25:31
Tag value Reserved 0= not. valid 0 = nol locked LRU bit Reserved
1 =valid 1 = locked
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5 System Interface Unit

The system interface unit (SIU} controls the buses of the chip and provides a system clock, chip selects,
system protection, /O ports, and reset controi.

The MPCB05 has an internal Harvard architecture and a single external bus. The internat buses are the
instruction bus (l-bus} and the locad/store bus (L-bus). The external bus interface (EBI) connects each
of these internal buses with the external bus (E-bus). The chip select block provides user-programma-
ble chip selects to select external memory or peripherals. The clock block controls the generation of the
system clocks and such features as programmatility of the clocks and low power modes. The reset con-
trol function interfaces to the reset pins and provides a reset status register. The /O ports provide un-
timed 1/O functions on pins that are not used for their primary function.

A block diagram of the S1U is shown in Figure 11.
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Figure 11 SIU Block Diagram
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5.1 SIU Address Map
Table 33 is an address map of the SiU registers.

Table 33 SIU Address Map

Access Address . l— - 7 Register W 7 |
S Ox8007 FCOO | SIU Module Configuration Register (SIUMCR) |
Test  |Ox8007 FCO4 | N SIU Tes! Register 1 (SIUTEST1) o
B 0xB007 FCO8 - | o Resewed_ o T
0x8007 FCIC | .
| s |ox8007FC20 | Memory Mapping (MEMMAP) .
T 5 0x8007 FC24 Speculative Address Register (SPECADDR)
“ ] Toxso07 Fcas - Speculative Mask Register (SPECMASK) - i
Test  |0x8007 FC2C * Termination Status Register (TERMSTAT)
. 0x8007 FC30 — o Aeserved
0x8007 FC3C
 su Ox8007 FC40 Periodic Interrupt Control and Status Register (PICSR)
S/U 0x8007 FC44 * Periodic Interrupt Timer Register (PIT)
S 0x8007 FC48 "Bus Monitor Control Register (BMCR)
) 0x8007 FC4C Reset Status Register (RSR)
S 0x8007 FC50 System Clock Control Register (SCCR)
S 0x8007 FCH4 System Clock Lock and Status Register (SCLSR)
T 0x8007 FC58 — ) Feserved
0xB007 FC5C
S |oxsoo7Fcen Port M Data Direction (DDRM)
S 0x8007FC64 Port M Pin Assignment {(PMPAR)
s 0x8007FC68 Port M Dala (PORTM)
0x8007FCEC —
o 0x8007FC80 Reserved
S 0x8007FC84 Port A, B Pin Assignment {PAPAR, PBPAR)
SN 0x8007FC88 Port A, B Data (PORTA, PORTB)
B 0x8007FCBC — Reserved
0X8007FC94
S 0x8007FC98 Port |, J, K, L Data Direction (DDRI, DDRJ, DDRK, DDRL)
s 0x8007FCAC Port 1, J, K, L Pin Assignment (PIPAR, PJPAR, PKPAR, PLPAR)
s 0xB007FCAQ " Port1, J, K. L Data (PORTI, PORTJ, PORTK, PORTL)
| ox8007 FCA4 - Fesorved )
0x8007 FD94
S 0x8007 FD924 S cs1i Option Register (CSOR11)
s 0x8007 FD98 B Reserved T
3 "Toxs007 Fpac 7 €S0 Option Register (CSOR10)
5 0xB0O7 FDAO B Reserved ’ N
S 0x8007 FDA4 €S9 Option Register (CSORY) |
s |oxsoo7 FOAB | o Reserved
s 0x8007 FDAG * C38 Option Register (CSORS)
'S |0xB007 FOBO ~ Reserved
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Table 33 SIU Address Map (Continued)

Access Kddress Register
0x8007 FDB4 ' TS7 Option Register (CSOR7Y)
5 0x8007 FDB8 k Reserved
S 0x8007 FDBG ' 56 GPTION Register {CSORG)
5 0x8007 FDCO S5 Base Address Register 5 (CSBARS)
s 0x8007 FDC4 TS5 Option Register (CSORS5)
s 0x8007 FDC8 CS4 Base Address Register (CSBAR4)
s |0x8007 FDCC T4 Option Register (CSOR4)
s 0x8007 FDDO CS53 Base Address Regisler (CSBAR3)
S 0x8007 FDD4 - C53 Option Register 3 (CSOR3)
S 0x8007 FDD8 €82 Base Address Regiéter 2 (CSBAR2)
s 0x8007 FDDC C32 Option Register 2 (GSOR2)
s 0x8007 FDEOQ CS1 Base Address Register (CSBAR1)
S 0xB007 FDE4 CS1 Option Register (CSOR1)
S 0x8007 FDES Reserved
S 0x8007 FDEC TS0 Option Register (CSOR0)
S 0x8007 FDFO CSBOOT Sub-Block Base Address Register (CSBTSBBAR)
S 0x8007 FDF4 CSBOOT Sub-Block Option Register (CSBTSBCR)
S 0x8007 FDF8 CSBOOT Base Address Register (CSBTBAR)
S 0x8007 FDFC CSBOOT Option Register (CSBTOR)

5.2 SIU Module Configuration

The SIU module configuration register (SIUMCR} configures various aspects of SIU operation. The in-
ternal memeory mapping register (MEMMAP) enables and sets the base address of the L-bus and I-bus
internal memory blocks. These registers are accessible in supervisor mode only.

SIUMCR - SIU Module Configuration Register

0x8007 FC00

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
I SIUFRZ l RESERVED ‘ CSR I LsT I 0 I SUP } DLK 1 LOK l RESERVED LSHOW
RESET:
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 17 18 1% 20 21 22 23 24 25 26 27 28 29 30 31
PARTNUM MASKNUM
RESET:

Read-Cnly Fixed Value
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Table 34 SIUMCR Bit Settings

Bit(s) Name Descripiio—ﬁ” “
! SIU Freeze i
j ‘ 0 = Decrementer and time base registers and the periodic interrupt timer continue to run while
| Q ¢ SIUFRZ internal freeze signal is asseded (reset vaiue).
\ 1 = Decrementer and time base registers and the periodic interrupt timer stop while the internal
freeze signal is asserted.
1:2 — Reserved
Checkstop reset enable
0 = No action laken when SiU receives the checkstop signal from the CPU and debug mode nol
3 csR enabled (reset value).

1 =8IU causes a reset upon receiving checkstop signal from CPU and debug mode not enabled. |

It debug mode is enabled, the MCU enters debug mode when the checkstop signal is received,
regardless of CSR value,

! Burst style: BDIP or LAST

; 4 (ST 0 = BDIP pin uses BDIP timing (reset value): assert BOIP during bursl, negate BOIP during last
beat of burst

1 = BDIP pin uses LAST timing: assert LAST during last beat of burst

5 — Reserved

Supervisor/unrestricled space. These bits control access to certain SIU registers. (Other regis-
ters are always supervisor access only.)

6:7 SuUp 00 = Unrestricted access (reset value)

01 = Supervisor mode access only

10 = Supervisor mode write access only, unrestricted read access

11 = Supervisor mode access only

Debug register lock. This bit can be written only when internal freeze signal is asserted. DLK al-
lows development software to configure show cycles and prevent normal software from subse-
8 DLK quently changing this configuration. This bit overrides the LOK in controlling the LSHOW field.
0 = Writes to LSHOW field in SIUMCR are allowed (reset vafue).

1 = Writes to LSHOW field are not allowed.

Register lock. Once this bit is set, wriles to the SIUMCR and chip-select registers have no effect
and cause a data error to be generated in the internal bus. In normal operation, this is a set-only
g LOK bit; once set, it cannot be cleared by software. When the internal freeze signal is asserted, the
bit can be set or cleared by software.

0 = Normal operation (reset value)

1 = All bits in the SIUMCR and ali of the chip-select registers are locked

10:13 — Reserved

L-bus show cycles

00 = Disable show cycles for all internai L-bus cycles (reset valug)
14:15 LSHOW 01 = Show address and data of all internal L-bus write cycles

10 = Reserved

11 = Show address and data of alt internal L-bus cycles

16:23 PARTNUM sfat::L;Ar%bSr_ This read-only field is mask programmed with a code corresponding to the number

24:531 MASKNUM Mask number. This read-only field is mask programmed with a code corresponding to the mask
number of the MCU.

T, .
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MEMMAP — Memocry Mapping Register 0x8007 FC20

5 : 2 3 a 5 6 7 5 9 R B S T S PR
{ N RESERVED i _MEMBASE ‘_ MESERVED !
 AEsET S )
Q 0 0 0 0 0 a ¢ 0 0 0 0 0
w6 17 8 19 = 21 = 2 24 25 2% 2T 2% 29 3 &
[ IEN \ LiX ’ RESERVED | meupase b RESERVED
 RESET, - '
1 0 0 0 0 0 0 : : 0 (] 0 0 0 0

* Reset value depends on the value of the reset configuration word.

Table 35 MEMMAP Bit Settings

Bit(s) Name Description

L-bus memory enable
0 = L-bus memory disabled

0 LEN 1 = L-bus memory enabled
Reset state depends on the reset configuration word.
1:7 — Reserved

Base address of the L-bus memary block (SRAM)
00 = Starting address is 0x0000 0000
] 01 = Ending address is 0x000F FFFF
8:9 LMEMBASE | ¢ - Starting address is 0xFFF0 0000
11 = Ending address is OxFFFF FFFF

Reset value depends on the reset configuration word.

10:15 — Reserved
I-bus memory enable. This bit has no effect on the MPC505, which has no I-bus memory.
16 IEN 0 = I-bus memory disabled

1 = |-bus memory enabled

L-bus to I-bus cross bus access enable

17 LIX 0 = Disable data accesses 1o I-bus memory
1 = Enable data accesses to |-bus memory (reset value)
18:23 — Reserved

Base address of the I-bus memory block. These bits have no effect on the MPC505, which
has no I-bus memory.

00 = Starting address is 0x0000 0000

24:25 IMEMBASE |01 = Ending address is 0x000F FFFF

10 = Starting address is 0xFFFQ 0000

11 = Ending address is OxFFFF FFFF

Reset state depends on the reset configuration word.

26:31 — Reserved

5.3 External Bus Interface

The external bus interface (EBI) interfaces the external bus (E-bus) with the two internal buses (I-bus
and L-bus). The E-bus can perform synchronous, pipeling, or burst transfers. Signals driven onto the E-
bus are required to meet the set-up and hold times relative to the rising edge of the bus clock. The bus
has the ability to support multiple masters, but its protoco! is optimized for a single-processor environ-
ment.

.
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5.3.1 Features

+ No external glue logic required for a simple system.

* Supparts different memory (SRAM, EEPROM) types: asynchroncus, synchronous, pipelineable,
burstable.

» Fast {one-clock} arbitration possitle.

* Bus is synchronous — all signals are referenced to the rising edge of the bus clock.

« 32-bit data bus, 32-bit address bus with byte enabies.

* Protocol allows wait states to be inserted during the data phase and supports early burst termina-
tion.

= Supports devices with small port sizes.

* Bus electrical specification minimizes system power consumption.

5.3.2 Basic Pipeline

The EBI supports a pipeline depth of one, meaning that two addresses can be active on a bus at the
same time. Pipelining is simplified by using SIU chip selects, since chip-select registers can have the
information about the characteristics of each external memory. It is aiso possible 1o have back-to-back
address phases on the external bus, if a chip select returns AACK for the first address phase immedi-
ately. 5.4 Chip Selects discusses which cycles can be pipelined.

5.3.3 Burst Transfers

The RCPU can initiate burst read cycles but not burst write cycles. At the start of a burst transfer, the
master drives the address, the address attributes, transfer start, and the BURST signal to indicate a
burst transfer. If the slave can perform burst transfers, it negates the burst inhibit signal (Bl). If the slave
does not support burst transfers, it assens BI.

During the data phase of a burst read cycle, the master receives data from the addressed siave. If the
master needs more than one data item, it asserts BDIP. Upon receiving the second-to-last piece of data,
the master negates BDIP. The slave stops driving new data after it receives the negatior: of BDIP at the
rising edge of the clock.

5.3.4 External Bus Signals
Table 36 summarizes the E-bus signals. The following abbreviations are used in this table:

M = Bus master

S = Slave device

A = Central bus arbiter

T = Bus watchdog timer

X = Any device on the system

Table 36 EBI Signal Descriptions

Mnemonic Direction Description
Address and Data Bus
ADDRI[0:29] M-S 32-bit address bus. Driven by the bus masler ta index the bus slave.
DATA[0:31] Mo S 32-bit data bus. ]
) Transfer Attributes )
WA . MosS Asserted: write cycle. Negated: read cycle.
BURST M-S | asserted, indicates cyclue_a is a burst cyclé-. 77777
BE[03] Mo S ?ﬁfgg?les. One byte enable p}er t;ytéﬁane of the dala bus. Refer to
- AT[-()-11_}“- a :\; s Address lypééi Deline addressed space as user or supervisor, data or
) 1.7 |melncton ReforioTable 37 for encodings. |
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Table 36 EBI Signal Descriptions (Continued)

Mnemonic |  Direction Description J
CT[0:3) M-S Cycle type signals. Indicate what type of bus cycle the bus master is ini-
' tiating. Used for development support. Refer to Table 39 for encodings.
Transfer Handshakes
TS5 M-S Transter start. When asserted, indicates the start of a bus cycle.
AACK S M Address acknowledge. When asserted, indicates the slave has received
the address from the bus master.
Burst data in progress. When asserted, indicates the data beat in front
BDIP M-8 of the current one is needed by the master. This signal is negated prior
te the end of a burst to terminate the burst data phase early.
Bl S M Burst inhibit. When asserted, indicates the slave does not support burst
mode. Sampled at same time as AACK.
Ta S M Transfer acknowledge. When asserted, indicates the slave has received
the data during a write cycle or returned the data during a read cycle.
TEA TS5 M Transfer error acknovyiedge. When asserted, indicates an error condi-
tion has occurred during the bus cycle.
Data strobe. Asserted by the EBI at the end of a chip-select-controlled
bus cycle after the chip-select unit asserts the internal TA signal or the
Ds M-S . . .
bus monitor asserts the internal TEA signal. Also asserted at the end of
a show cycle. Used for development support.
ARETEY S A M Address retry. When asserted, indicates the master needs lo retry its
address phase.
Arbitration
= Bus request. When asserted, indicates the potential bus master is re-
BR M- A ; . .
questing the bus. Each master has its own bus request signal.
e Bus grant. When asserted by bus arbiter, the bus is granted to the bus
BG A-M . :
master. Each master has its own bus grant signal.
. Bus busy. Asserted by current bus master to indicate the bus is currently
BB M-M A in use. Prospective new master should wait until the current master ne-
gates this signal.
Miscellaneous
o Cance! reservation. Each RCPU has its own CR signal. When asserted
CR X—>M (by external reservation logic), instructs the bus master lo clear its res-
ervation; some other master has touched its reserved space.
1RQ[0:6] X—->M Interrupt request inputs.
RESET Source - M Hard reset. When asserted, devices on the bus must reset,
RESETOUT M5>S Reset output. Whep allsserled\ instructs all devices monitoring this signal
to reset all parts within themselves that can be reset by software,
CLKOUT Source —» M. S Contlpuous|y~run(\|pg clock. All sgnals driven on the E-bus must be syn-
chronized to the rising edge of this clock.

Table 37 Address Type Encodings

ATO AT1 Address Space
0 User data space
0 1 User instruction space
1 0 Supervisor data space
7 1 1 Supervisor instruction space
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Table 38 Byte Enable Encodings

Byte Enable Use During 32-Bit Port Access Use During 16-Bit Port Access |
BEO Byte Enable for DATA[0:7] Byte Enable for DATA[0:7]
BET Byte Enable for DATA[8:15] Byte Enable for DATA[8:15)
BE2 Byte Enable for DATA[16:23] ADDR30
o] . 0 = Operand size is word
BES Byte Enabie for DATA[24:31] i 1 = Operand size is byte or half word

Table 39 shows the encodings for the cycle type pins. Refer to the RCPU Reference Manual
{RCPURM/AD) for more information on using the cycle type pins in a development system.

Table 39 Cycle Type Encodings

_"CT[O:3} Cycle Type Description

This is a normal external bus cycle. Both the address and data phase
are seen on the external bus. This cycle requires an AACK and a TA sig-
nal. This cycle type is used for sequential fetches and for prefelches of
predicled branch targets where the branch conditien has not been eval-
uated before the prefetch. Itis also used for all non-reservation type
load/store cycles.

0000 Normal bus cycle

It the address type is data (ATt = 0), then this is a data access to the

external bus. Both the address and the dala phase are seen on the ex-
ternal bus. This cycle requires an AACK and a TA signal. When this cy-
cle starts, external snooping logic should latch the address to track the

Reservation start if
address type is data

oR reservation.
0C01 If the address type is instruction (AT1 = 1), then this is an inslruction
Instruction fetch marked fetch cycle marked as an indirect change-of-flow cycle. Both the ad-
as indirect change-of-flow if ad- dress and the data phase are seen on the externat bus. This cycle re-
dress type is instruction quires an AACK and a TA signal. This cycle type is used when an

external address is the destinalion of a branch instruction or the desti-
nation of an exception or VSYNC cycle.

. isi ial cycl lation me ing inter-
Emulation memory select (not This is a special external bus eycle to emulatio mory replacing inter

0010 supported in MPC505) nal I-mem or L-merp (and not resulting in a cache hit). The MPC505
does not support this cycle type.
This is a normal external bus cycle access to a port replacement chip
PRU select (not supported in used for emulation support. _Both the aeress and the data prEse_ are
0011 seen an the external bus. This cycle requires an AACK anda TA signal,
MPC505) g . .
It indicates that an access was made which would have gone to anin-
ternal port control register if the chip were not operating in PRU mode.
0100 I-mem {not supported in These are internal visibility cycles. This cycle is self-terminating and
MPC505) does not require AACK and TA signals. These encodings indicate that
an access or aborted fetch (resulting from either a cache hit or a spec-
ulative load that is subsequently discarded) was made 1o an address on
the internal I-bus or L-bus. An instruction access (AT1 = 1} with an ad-
0101 L-mem dress which is an indirect branch target is indicated as a write on the WH

signal.

The |-Mem cycle type is not supported in the MPC505.

‘
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Table 39 Cycle Type Encodings (Continued)

CT[(S:ﬁ] o Cycle fypé . Description
This is an internal visibility cycle. I always has an address phase and
includes a data phase for data accesses. This cycle is self-terminating
: and does not require AACK and TA handshaking signals, It indicates
I 0110 E-Mem cache hit, not using a | that an access was made to an address on the external bus and that a
| chip select cache hit or an aborted fetch (resulting from a speculative load that is
subsequently discarded) occurred. An instruction access with an ad-
dress that is an indirect branch target is indicated as a write on the WR
signa;. ‘
This is an internal visibility cycle. It always has an address phase and a
. data phase. This cycle is self-terminating and does not require AACK
0111 Internal register = - .
and TA signals. It indicates that an access was made to a control regis-
ter or internal IMB address. These accesses are always cache-inhibited.
E-mem cache hit -
1000 to CSBOOT region
E-mem cache These are internal visibility cycles. They always have an address phase
1001 hit to 81 region and include a data phase for data accesses. These cycles are self ter-
minating and do not require AACK and TA handshaking signals. These
1010 h’E-m%:ach‘e encodings indicate that an access was made 1o an address on the ex-
- ftto [e_zgmrj ~_._|ternal bus and that a cache hit or an abonted fetch (resulting from a spec-
1011 E-mem cache ulative load that is subsequently discarded) occurred. An instruction
hit to CS3 region access with an address that is an indirect branch target is indicated as
1100 E-mem cache a write on the WR signal.
hit 1o C54 region The region indicated is the main chip-sefect region, not the sub-region.
E-mem cache
1101 hit to C85 region
1110 Reserved —
1111 Reserved —

5.3.5 Preventing Speculative Loads

The SIU can be programmed to prevent speculative loads to a selected external region. A speculative
load is an out-of-order load that may be subsequently discarded, such as aload following an unresolved
conditional branch. Preventing speculative loads may be necessary to ensure that certain devices op-
erate correctly, such as a memory-mapped /O device with a status register that is updated whenever
it 1s read.

Two registers and their associated logic allow a block ranging in size from 1 Kbyte to 64 Kbytes, or parts
of the block, to be protected from speculative accesses. The most significant 22 bits of the address of
each L-bus cycle are bitwise compared to the non-speculative base address register (SPECADDR).
Each result bit is equal to one if the corresponding bits of the address bus and SPECADDR register
match. A bitwise OR is perfermed on the lower six bits of the resulting word with the mask in the non-
speculative mask register (SPECMASK). If all six of these resuit bits are one, and if all 16 of the higher
result bits are also one (i.e., the upper 16 bits of the address match), then speculative accesses are
prevented during the current cycie.

SPECADDR — Non-Speculative Base Address Register 0x8007 FC24
C 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 2 27 28 29 30 31
'''' © BASE ADDRESS - RESERVED
RESET o I -
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Table 40 SPECADDR Bit Settings

Blt(s) Name " Desci:rﬂlrprhon o ‘

0:21 BASE ADDRESS | 22-bit base address oi fegu;n prote;:gc_i-lrom.;[_aeculaﬁ_lgéds . 7711

| 2231 — Reserved - - _74
SPECMASK — Non-Speculative Mask Register 0x8007 FC28
01 2 3 4 5 6 7 8 9 10 1t 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

1[ o RESEHVE-D__“_-__- . i o L;Aé}; 7 1 RE$_ET?-VED - Wi

RESET ) 7 i - - o S
660 0 02 0 o0 00 00 Q00 C OO0 0 0 C T 0O O 0 0 0 O 80 0 0 O 0 0

Table 41 SPECMASK Bit Settings

Bit(s) Name o Deséription
0:15 — Reserved

T 6-bit mask that specnhes which block or blocks within reglon speC|f|ed in SPECMASK reg|s
16:21 MASK
ter are aclually protected from speculative accesses.

22:31 — Reserved

Because the mask register can contain any 6-bit value, the mask can allow for blocks of up to 64 Kbytes,
and it can provide for smaller blocks of memory that alternately allow and prevent speculative loads.
Table 42 provides several examples. In these examples, the protected blocks are those that match the
value in the SPECADDR register.

Table 42 Speculative Mask Values

M?BS;.Z:;';J © Protected Region

D0000C 1-Kbyte block

111111 64-Kbyte block

111110 Every second 1-Kbyte block within a 64-Kbyte block
111101 Every second 2-Kbyte block within a 64-Khyte block
110011 Every fourth 4-Kbyte block within a 84-Kbyle block
100011 Every eighth 4-Kbyte block within a 64-Kbyte block
010000 Every sixteenth 1-Kbyte block within a 32-Kbyte block

Protection from speculative loads can be disabled by setting the SPECADDR register to an internal or
unimplemented address range.

5.3.6 Accesses to 16-Bit Ports

The EBI supports accesses to 16-bit ports on the external bus. Sixteen-bit port access is a chip-select
option; the access must be initiated using one of the chip selects (CS[0:17]). A 16-bit port must connect
its data lines to the upper 186 bits of the external dala bus (DATA[0:15]). During an access to a 16-bit
port, byte enable signals BE[0:1] are used to indicate which bytes of the half-word are being accessed,
and the BE2/ADDR30 pin functions as ADDR30 (active high). BE3 is asserted {low) it the operand is a
word and negated (high) if the operand is a byle or half-word.

T,

MPC505 MOTOROLA
MPC505TS/D 59



5.4 Chip Selects

Typical microcontrollers require additional hardware to provide external chip-select signals. On the
MPC505, the chip select logic controls the slaves of typical uniprocessor systems. This allows the user
to implement simple systems without the need to design any external glue logic.

Figure 12 is an example of a typical uniprocessor system. This kind of system usually consists of a
CPU, some memoties, and some peripherals. In single-master systems the CPU is the only device that
can be a bus master on the E-bus; memories and peripherals are slaves.

The chip-select module provides the necessary contro signals, such as the chip enable (CE), write en-
able (WE), and output enable (OE), for the external memory and peripheral devices. In addition, the
chip-select module provides some handshakes for the external bus and some limited protection mech-
anisms for the system.

CEs WEs OEs
Y )
’/
MCL EPROM SRAM
CHIP
SELECT
INTERNAL |MODULE EXTERNAL BUS
SIGNALS
CPU
EBI
J———
PERIPHERAL PERIPHERAL
LI-BUS
¥ 1 )
CEs, WEs, OEs

MPCED0 SYS WCS ALOCK

Figure 12 Simplified Uniprocessor System with Chip-Select Logic

5.4.1 Chip-Select Module Features

* No external glue logic required for simple systems if the chip-select module is used
* Modular architecture for ease of expansion
* 12 pins programmable as CEs, OEs, or WEs plus one CSBOGT pin
* Capable of supporting pipelineable, burstable devices
* Returns bus handshake signals internally for the setected address regions
* Supports up to six different regions
* Up to seven programmable wait states for slave devices
* Arbitrates the data path for slave devices
* Controls the clocking of data to the slaves during write cycles
* Keeps slave sequentially consistent {data in the same order as addresses)
* Programmability for:
— Latching and non-latching device types
— Burstable and non-burstable device types

T ———————————————— .

MOTOROLA MPC505
60 MPC505TS/D



= Programmable address range, block size
= Programmable burst features:
— Interruptible burst on any burstable device
— Pipelineable with other devices during burst cycle
— Suppors two different burst protocols
» Supports pipelineable accesses
-— Up 1o two concurrent accesses can be outstanding to two different regions (one access to each
region)
— Overlaps second address with first data phase of accesses to the same region.
* Allows multi-level protections within one region

5.4.2 Chip-Selects Block Diagram
Figure 13 shows the functional block diagram of the chip-select module.

DECODE
BUS

ADDRESS DECODER TIMING B[ BN CONFIGURATION
BUS LOGIC CIRCUIT > FINOD
BASE | COPTION g

ADDRESS | REGISTER

REGISTER | COG‘JEOL

|

ADDRESS DECCDER = oy CONgIgggATION
LOGIC CIRCUIT
BASE | OPTION [y '
ADDRESS | REGISTER CONTROL
REGISTER > it
. ° o .
. * . .
® . . .
ADDRESS DECODER 2 PIN CONFIGURATION | BINN
I
BASE OPTION g-| LOGIC CIRCUIT
et

ADDRESS | REGISTER
REGISTER s S

Figure 13 Chip-Select Functional Block Diagram

5.4.3 Chip-Select Pins

The pin configuration (PCON) field in each chip-select option register configures the associated pin to
function as a chip enable (CE), write enable (WE), output enable (OE), or alternate-function pin. For
pins configured for their alternate function, the port A pin assignment register configures the pin as ei-
ther an address bus signal (ADDR[0:11]) or a port A or B output signal (PA[C:7] and PB[0:3]). Notice
that the CSBOOT pin has no alternate function.

Table 43 describes the chip-select pins.

—
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Table 43 Chip-Select Pin Functions

Chip-Select Function Altern.ate | Pin Function in Chip-Select Mode
Function
Can be the CE of the system boat memory (power-on default). In sys- ‘
CSBCOT — I'tems with no external boot device. this pin can be configured as WL or |
OF of EPRCMs or SRAMSs. ‘
cSo/ Can be WE or OF of EPROMs or SRAMs. When configured as a chip
CSETOE ADDRO/PAD | select, this pin is assigned to be the OF of the CSBOOT pin fellowing
reset.
C51 ADDR1/PA1 ;Canbe CE. WE, or OF of EPROMs or SRAMSs.
Cs2 ADDR2/PAZ | Can be CE. WE. or OF of EPROMS or SRAMs.
csa ADDR3/PA3 | Can be CE, WE, or OE of EPROMs or SRAMs.
csa ADDR4/PA4 | Can be CE. WE, or OF of EPAOMSs or SRAMs. o
€55 ADDRS/PAS | Can be CE. WE, or OF of EPROMSs or SRAMs. -
CS6 ADDR6/PA6 | Can be WE or OE ol EPROMs or SRAMs. )
CSs7 ADDR7/PA7 | Can be WE or OE of EPROMSs or SRAMs.
C8s8 ADDRE/PBC | Can be WE or OFE of EPROMSs or SRAMSs.
CS9 ADDRYPB1 | Canbe WE or OE of EPROMs or SRAMS.
Ts10 ADDR10/PB2 |Can be WE or OF of EPROMs or SRAMs.
CS11 ADDR11/PB3 |Can be WE or OF of EPROMSs or SRAMs. %

5.4.4 Chip-Select Registers and Address Map

Chip-select registers are 32 bits wide. Reads of unimplemented bits in these registers return zero, and
writes have no effect.

One base address register and one opticn register are associated with each chip-select pin that can act
as a chip enable. The CSBOOT pin has a dedicated sub-block for multi-level protection. It has two base
address registers and two option registers. One option register is associated with each pin that cannot
act as a chip enable.

Table 44 is an address map of the chip-select module. As the entries in the Access column indicate, all
chip-select registers are accessible at the supervisor privilege level only.

Table 44 Chip-Select Module Address Map

Access Address Register

0x8007 FDOO -
0x8007 FD90

0x8007 FD94 | CS11 Option Register (CSOR11)
0x8007 FD98 | Reserved "
0x8007 FDSC | CS10 Option Register (CSOR10)
0xBO0O7 FDAO | Reserved
0x8007 FDA4 | TS9 Option Register {CSORY)
0x8007 FDAS Reserved
0x8007 FDAC | CS8 Option Register (CSORS)
0xB0O7 FDBO |Reserved
| 0x8007 FDB4 | G57 Oplion Register {CSOR7)
0x8007 FOBS |Reserved

e —————————————
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Table 44 Chip-Select Module Address Map (Continued)

Access | Address | "~ Register T

s | 0x8007 FDBC | CS6 Option Register (CSORB) ' ]

5 0x8007 FDCO | CS5 Base Address Register 5 (CSBARS) T

S | 0x8007 FDC4 | CSB Option Register (CSORS) T

|8 0x8007 FDCB CS4 Base Address Register (CSBARA4) T

S | 0xB0O7 FDCC | CS4 Option Regssler (CSOR4) T

s | oxso07 FDDO |CS3 Base Address Register (CSBAR3) - T

| s | 0x8007FDD4 |CS3 Option Register 3 (CSOR3) i
s | 0x8007FDD8 | G52 Base Address Register 2 (CSBAR2) -

" s 0x8007 FODC | CS3 Option Register 2 (CSORZ) ]

S | 0x8007 FDEO | CS1 Base Address Register (©SBARTY ]

s 0x8007 FDE4 | CST Option Register (CSOR1)

S 0xB007 FDE8 | Reserved ' N

s 0x8007 FDEC | CS0 Option Register (CSORO) N

3 0x8007 FDFO | CSBOOT Sub-Block Base Address Register (CSBTSBBAR) |

3 0xB007 FDF4 | CSBOOT Sub-Block Option Register (CSBTSBOR) ]

S 0x8007 FOF8 |CSBOOT Base Address Register (CSBTBAR)

| s 0x8007 FDFC | CSBOOT Option Register (CSBTOR) _ ' ]

5.4.4.1 Chip-Select Base Address Registers

Base address registers contain the base address of the range of memory to which the chip select circuit
responds. All base address registers contain the same fields but have different reset values.

CSBTBAR — CSBOOT Base Address Register 0x8007 FDF8

0 7 2 3 4 5 6 7 B 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 23 30 31

[ BA f RESERVED _’
RESET:

IP!P!P!PIPIF’IPIPIPIPIPJPO0000000000000000000

The reset value of the BA field in the CSBTBAR equals 0x00000 if the exception prefix (IP) bit in the
MSR is zero (default), and OxFFFOQ if IP equals one.

CSBTSBBAR — CSBOOT Sub-Block Base Address Register 0x8007 FDFO
CSBAR1 — CS1 Base Address Register 0x8007 FDEO
CSBAR2 — CS2 Base Address Register 0x8007 FDDA
CSBAR3 — CS3 Base Address Register 0x8007 FDDO
CSBAR4 — CS4 Base Address Register 0x8007 FDC8
CSBARS — CS5 Base Address Register 0x8007 FDCO
0 1 283 4 5 65 7 8 9 1011 12 13 14 15 16 17 16 19 20 20 22 23 24 25 26 27 28 29 30 31

E BA - _L © mestaven —Mj

RESET: 7 S T T T
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Table 45 Chip-Select Base Address Registers Bit Settings

Bit(s} | Name

Desggiption

0:19 BA

Base Address. Bits O through 19 of the base address of the block to which the chip select responds.
Register bit 0 corresponds to address bit 0; register bit 19 corresponds to address bit 19,

20:31 —

Reserved.

5.4.4.2 Chip-Select Option Registers

The option register for CSBOOT has the same field definitions as the option registers for C8[1.5], but

the CSBOOT
isters contain

option register (CSBTOR,) has ditferent reset values. The TS0 and CS[6:10] opticn reg-

a subset of the fields in the CSBTCOR. The CSBOOT sub-block option register contains a

different subset of the fields in the CSBTOR.

CSBTOR — CTSBOOT Option Register 0x8007 FDFC
0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15
BSIZE ’ SBLK l supv] DSP ’ WP l o [ RESERVED ‘ACKEN[ TADLY
RESET.
1 0] 0 1 0 1 0 1 o] o] 0 a 0 1
6 17 48 19 20 2 2 23 24 25 2 2r 24 2 1 31
[TaDLY | s PCON 8YTE REGION RESERVED ITYPE
RESET:
. 0 0 0 0 0 o 0 5 0 : ‘

“From data bus reset configuration word

CSBTSBOR — CSBOOT Sub-Block Option Register 0x8007 FDF4
0 1 2 3 4 5 6 7 8 9 1 M w13 14 15
L BSIZE ‘ SBLK ‘ SUPV I OSP I wp l ol J RESERVED —|
RESET:
0 0 0 0 5 0 0 0 0 0 ¢ 0 0 0 8 9
6 17 18 9 20 A 2@ 23 4 25 % 27 28 28 W 3
RESERVED T
RESET:
0 0 0 0 0 0 0 0 0 0 9 0 0 0 0 0

e,
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CSOR0 — CS0 Option Register 0x8007 FDEC

0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15
i | ' ' RESERVED _ . '
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 3N
B RESERVED 5 PCON | BYTE \L REGION RESERVED o
RESET. ” o ' .
0 i} 0 * - 0 a 0 ) Q 0 0 0 Q 0 Q

*0b10 if pin is configured as a chip select, otherwise 0b11

CSOR1 — CS1 Option Register 0xB007 FDE4
CSOR2 — C52 Option Register 0x8007 FDDC
CSOR3 — CS3 Option Register 0x8007 FDD4
CSOR4 — C54 Cption Register 0x8007 FDCC
CSORS5 — CS5 Option Register 0x8007 FDC4
0 1 2 3 a 5 8 7 8 9 10 1 12 13 14 15
BSIZE { SBLK | SuPY , psP | we B | RESERVED IACKENJ TADLY
RESET.
0 0 0 0 0 0 0 0 0 9 0 0 0 0 0 0
15 17 18 19 20 21 2 23 25 % 27 8 2 3 3
LTADLY ‘ PS PCON BYTE REGION RESERVED ITYPE "
RESET.
0 0 0 ‘ : 0 0 0 0 0 0 0 0 0 0 0

*0b10 if pin is configured as a chip select, otherwise Ob11

CSOR6 — CS6 Opticn Register 0x8007 FDBC
CSOR7 — CS7 Option Register 0x8007 FDB4
CSOR8 — CS8 Option Register 0x8007 FDAC
CSOR9 — CS9 Option Register 0x8007 FDA4
CSOR10 — CS10 Option Register 0x8007 FD9C
CSOR11 — CS11 Option Register 0x8007 FD94
o 1 2 3 4 5 6 7 & 9 10 1 12 13 14 15
r RESERVED }
RESET:
0 0 0 o 0 0 0 0 0 0 0 0 a 0 0 0
16 17 18 19 20 2 2 23 24 25 26 27 28 29 30 3
f RESERVED PCON BYTE REGION RESERVED 7
RESET: '
) 0 0 0 : - 0 0 0 0 0 0 0 0 0 0 0

* 0b10if pin is configured as a chip select, otherwise 0b11

“
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Table 46 describes the fields in the chip-select option registers,

Table 46 Chip-Select Option Register Bit Settings

Bit(s) Name Descript?&n o

Block size. This field delerﬂrnlnes the éi-ze of the block 'é'ssocualed with the basé address. Block ]
size encodings are shown in Table 47. i

0:3 BSIZE | caution: For CS[15] pins programmed as write enables or autput enables, the block size must
be programmed to 0000, Otherwise. a cache hit show cycle could show the wrong region match-
es on the cycle type pins.

— — {

Sub-block i
0 = Address space is a main block

4 SBLK 1 = Address space specified by the BA and BSIZE fields of the corresponding base address and
option registers, respectively, is a sub-block within a larger main bleck. Pairing of main
blocks and sub-blocks is shown in Table 48.

Supervisor mode
5 SUPV | 0= Data access is permitted in supervisor or user mode
1 = Data access is permitted in supervisor mode only

Data space only
6 DSP 0 = Address block may contain both instructions and data.
1 = Address block contains data only.

Write protect

7 wep 0 = Block is available for both read and write operations
1 = Block is read only
Cache inhibit
8 Cl 0 = Information in this block can be cached.,
1 = Information in this block should not be cached.
9:12 — Reserved

Acknowledge enable.
13 ACKEN | 0 = Chip-select logic will not return TA and AACK signals
1 = Chip-select logic will return TA and AACK signals

TA delay. Indicates the latency of the device for the first TA returned. Up to seven wait states are
allowed.
000 = 0 wait slates
001 = 1 wait slate
. 010 = 2 wait states
14:16 TADLY 011 = 3 wait states
100 = 4 wait states
101 = 5 wait states
110 = 6 wait stales
111 = 7 wait states

Port size

00 = Reserved
17:18 PS 01 = 16-bit pont

10 = 32-hit port

11 = Reserved

Pin configuration. Note that only pins CSBOOT and TS[1:5] can be CE pins.
00 = Chip enable (CE)
19:20 PCON |01 = Write enable (WE)

10 = Output enable (OE)
11 = Alternate function (address bus or discrete output)

T .
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Table 46 Chip-Select Option Register Bit Settings (Continued)

MPCs05

Bit(s) ) Name Description
; Byte enabie. This field applies 1o pins configured as WEs only. Specilies for which of the four
bytes in a word the WE is asserted. |f the region can always be written in 32-bit quantity, this field
can be programmed to any value.
21:22 BYTE |00 = Byte enable 0
01 = Byte enable 1
! 10 = Byte enable 2
| 11 = Byte enable 3
f Memory region {only applicable when pinis configured to be a WE or OE pin). These bits indicate ;
the memory region with which the pin is associated.
000 = CSBOOT
001 = CS1
: 010 = 82
23:25 | REGION 611 - 633
; 100 = CS4
H 101 =CS5
110 = Reserved
111 = Reserved
26:27 — Reserved
) Interface type. Indicates the type of memory or peripheral device being controlled. Refer to Table
2831 ITYPE k
49 for details.
Table 47 Block Size Encoding
BSIZE Field . .
(Binary) Block Size {Bytes}) Address Lines Compared
Invalid for CEs. WEs and | Chip select is not asserted until BSIZE
0000 provay . N .
OEs use this value. field is assigned a nonzero value,
0001 4K ADDR[0:19]
0010 8K ADDRj0:18]
0011 18K ADDR[0:17]
0100 32K ADDR][0:16]
0101 64 K ADDR[0:15]
0110 128K ADDR[0:14]
0111 286 K ADDR[0:13]
1000 512K ADDR[0:12]
1001 1M ADDR[0:11]
1010 2M ADDRJ0:10]
1011 4 M ADDRI[0:9]
1100 aM ADDRI[0:8]
1101 16 M ADDR[0:7)
1110 32M ADDRJ[0:8]
111 64 M ADDR[0:5]

MPC505TS/D

Table 48 Main Block and Sub-Block Pairings

Main Block Sub-Block
C5BOGT Cs1
C82 CS3
C84 CS85
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Table 49 Interface Types

ITYPE Interface Type
{Binary)
0000 Generic asynchronous region with output buffer turn-off time of less than or equat
to one clock period. Cannot be pipelined.
Generic asynchronous region with oulput buffer turn-off time of two clock periods.
0001 L
Cannot be pipelined.
0010 Synchronous region (no burst) with asynchroncus OE.
0011 Synchronous region (no burst) with synchronous OE.
0100 Reserved.
0101 Region with fixed burst access capability (burst type 1 — uses BDIP timing) and
asynchronous OE.
0110 Reserved.
0111 Region with fixed burst access capabilily (burst type 1 — uses BDIP timing) and
synchronous OE.
Region with fixed burst access capability {burst type 2 — uses LAST timing) but
1000 may not have OE. Chip-select unit will not generate an OF signal for this interface
type.
1001 Synchronous region (no burst) with synchronous OE (same as ITYPE 3) with ear-
ly overlapping of accesses to the region.
1010-1111 Reserved.

5.5 System Protection
SiU system protection features include a periodic interrupt timer and a bus monitor.
Additional MPC505 system protection features include the PowerPG decrementer and time base, de-

scribed in 3 Central Processing Unit, and a software watchdog, described in 6 Peripheral Control
Unit.

5.5.1 System Protection Features

| * The bus monitor monitors any internal-to-external bus accesses. Four selectable response time
periods are available, ranging from 16 to 256 system clock cycles. An internal bus error signal is
generated if a bus time-out occurs.

* The periodic interrupt timer generates an interrupt after a period specified by the user,

5.5.2 System Protection Registers
Table 50 shows the system protection registers.

Table 50 System Protection Address Map

Access Address Register
Siu 0x8007 FC40 | Periodic Interrupt Control and Select Register (PICSR)
S 0xB007 FC44 | Periodic Interrupt Timer Register (PIT)
S 0x8007 FC48 | Bus Monitor Control Register (BMCRY}

The reset status register is described in 5.7 Reset. The remaining system protection registers are de-
scribed in this section.
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PICSR — Periodic Interrupt Contrel and Select Register 0x8007 FC40

0 1 2 3 4 5 6 7 8 T TR LR SRt B RN
| o | e ‘ FIE | RESERVED PCFS } RESERVED | s J|
AESET o
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
% 17 8 19 20 2 2 23 2 25 2% 2 8 29 0 3
i’_____-_- - a PITC - . : . -_--“-—‘
T eser _ 7
0 0 o o 0 0 0 0 0 0 0 0 0 0 0 0

Table 51 PICSR Bit Settings

Bit(s) Name Description

0 — Reserved

Periodic timer enable
1 PTE 0 = Disable decrementer counter
1 = Enable decrementer counter

Periodic interrupt enable
2 PIE 0 = Disable periodic interrupt
1 = Enabtle periodic interrupt

3:4 — Reserved
57 PCFS PIT clock frequency select. Refer to Table 52.
814 — Reserved
PIT status (sticky bit)
15 PS 0 = No PIT interrupt asserted

1 = Pericdic interrupt asserted

16:31 PITC Periodic interrupt timing count. Number of counts to load into the PIT.

To achieve a PIT setting of approximately 1 MHz, assign the PCFS field the value indicated in Table 52.

Table 52 Recommended Settings for PCFS[0:2]

Input Frequency Range PCFS5[0:2] Divide(:zr;?_;l ‘::)rgc;uency
1 MHz < FREQ < 4 MHz 0b000 4 R
4 MHz < FREQ < 8 MHz 0b001 8
8 MHz < FREQ < 16 MHz 0b010 16
16 MHz < FREQ < 32 MHz 0b011 32
] 32 MHz < FREQ < 64 MHz 0b100 64
Reserved 0b101 N/A
Reserved 0b110 N/A
Reserved Ob111 N/A

MPC505 MOTOROLA
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PIT — Periodic Interrupt Timer Register 0x8007 FC40

O 1 2 3 4 5 & 7 8 & 10 11 12 13 14 15 16 17 1B 19 20 2% 22 23 24 25 26 27 28 29 30 31
_ : 1
‘1 PIT !

RESERVED

RESET: UNDEFINED

The periodic interrupt timer register is a read-only register that shows the current value in the periodic
interrupt down counter. Writes to this register have no effect. Reads of the register do not affect the

counter.

BMCR — Bus Monitor Control Register Ox8007 FCA8
0 v 2 3 4 5 6 7 B 9 01 213 1
_ RESERVED l BMLK i BME l | - | PESERVED :

RESET
0 0 0 5 0 1 0 0 0 0 0 0 0 0 0 0
6 17 18 19 20 21 2 2™ 24 3% % o 28 2% a0 3
L, '  RESERVED o J
RESET
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

The bus monitor control register enables or disables the bus monitor and selects its time-out period.

Table 53 BMCR Bit Settings

Bit(s) Name Description

0:3 — Reserved

Bus monitor lock
0 = Enable ¢changes to BMLK, BME, BMT
4 BMLK 1 = Ignore writes to BMLK, BME, BMT

BMLK is a set-only bit; writing a zero to BMLXK after it has been set has no effect.

Bus moenitor enable
5 BME 0 = Disable bus monitor
1 = Enable bus monitor

Bus monitor timing. These bits select the time-out period, in system clocks, for the bus monitor.
00 = 256 system clocks

6:7 BMT 01 = 64 system clocks

10 = 32 system clocks

11 = 16 system clocks

8:31 — Reserved

5.5.3 Hardware Bus Monitor

Typical bus systems require a bus monitor to detect excessively long data and address acknowledge
response times. The MPCS505 provides a bus monitor to monitor internal-to-external bus accesses on
the E-bus. If the external bus pipeline depth is zero (all previous external bus cycles are complete), the
monitor counts from transfer start to transfer acknowledge. Otherwise, the monitor counts from transfer
acknowledge to transfer acknowledge. If the monitor times out, transfer error acknowledge (TEA) is in-
ternally asserted.
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Four selectable response time periads are available, ranging from 16 to 256 system clock cycies. The
programmability of the time-cut allows for a variation in system peripheral response time. The timing
mechanism is derived from taps off a divider chain which is clocked by the system clock.

The bus monitor is always enabled while freeze is asserted and debug mode is enabled or while debug
mode is enabled and the debug non-maskable breakpoint is asserted, even if the bus monitor enable
{BME) bit in the bus monitar control register is cleared.

5.5.4 Periodic Interrupt Timer {PIT)

The penodic interrupt timer consists of a 16-bit counter clocked by the input clock signal divided by four.
A 4-MHz system clock frequency results in a one-microsecond count interval. The input clock signal is
supplied by the clock module. in order to ensure adequate range for the PIT, the input clock signal to
the PIT must not exceed 4 MHz, even if a full frequency input is used instead of an oscillator-PLL clock-
ing scheme.

The 16-bit counter counts down to zero when loaded with a value from the PITC. After the timer reaches
zero, the PS bit is set and an interrupt is generated if the PIE bit is set to one. The software service
routine should read the PS bit and then write it to zero to terminate the interrupt request. At the next
input clock edge, the value in the PITC is loaded into the counter, and the process starts over again.

5.6 Clock Submodule

The clock submedule consists of the crystal oscillator (OSC), a phase-locked loop (PLL), the engineer-
ing clock reference output signal (ECROUT), the reduced frequency divider (RFD), the clock generator
blocks, the system clock control register (SCCR), and the system clock control and status register
{(SCCSR). The clock submodule also provides a clock source for the PowerPC time base and decre-
menter.

The recommended timing reference for the MPC505 is a 4-MHz crystal. The system operating frequen-
cy is generated through a programmable phase-locked loop. The PLL is programmable in integer mul-
tiples of 4 MHz to generate operating frequencies of 16 MHz to 44 MHz.

NOTE

Use of an input clock less than one MHz causes the pan to switch into self-clocking
mode. For systems that require operation of less than one MHz, the user must use
normal clock mode and divide the system clock down with the RFD bits.

If the crystal ceases to function, the loss of oscillator (LOQ) bit is set and the PLL is forced to operate
in the self-clocked made {SCM). This mode provides a system clock frequency of approximately 4 MHz.
The exact frequency depends on the voltage and temperature of the chip.

The PLL can be bypassed by grounding the Vppgy pin. Note that in this case, the input frequency needs
to be twice the desired operating system frequency. With Vppgy grounded, the muitiplication factor

{MF) bits no longer have any effect on the system frequency, but the reduced frequency (RFD) bits and
the low-power mode (LPM) bits do have an effect.

ECROUT is an output signal with a frequency equal to the reference frequency (4 MHz with a 4-MHz
crystal). It is provided as a timing reference for external devices.

Three different low-power modes are available to minimize standby power usage. Normal operation or
one of the three low-power modes is selected by programming the LPM bits in the SCCR.

5.6.1 Clock Submodule Signal Descriptions
Table 54 describes the signals used by the clock module.
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Table 54 Clock Module Signal Descriptions

Mnemonic Name Direction Description
CLKOUT System clock out Output System clock output.'Used as the bus timing refer-
ence by external devices.
Connections for external crystal to the internal oscil-
EXTAL, XTAL Crystal oscillator Input, Output | lator circuit. An external oscillator should serve as in-
put to the EXTAL pin, when used.
XFCN, XECP External.fnter input Thege pins are used to add an external capacitor to
capacitor the filter circuit of the phase-locked loop.
The state of this input signals during reset selects the
MODCLK Clock mode select Input source of the system clock. Refer 10 5.6.3 System
Clock Sources.
Voosn: Vsssn Synthesizer power Input These pins supply a quiet power source to the VCO.
Engineering clock Buffered output of the crystal oscillator. The ECROUT
ECROUT 9 9 Output output frequency is equal to the crystal oscillator fre-
reference output
guency.
PLLL/DSDO PLL lock status or Output Phase-locked loop status output or debug output.
debug output
Asserted or negated, respectively, by software setting
Power-down or clearing the WUR bit in the SCLSR. Also asserted
PDWU Output when decrementer counts down to zero. Can be used
wakeup
as power-down wakeup to external power-on reset
circuit,

5.6.2 Clock Power Supplies
The power supply for each block of the clock submodule is shown in Table 55.

Table 55 Clock Module Power Supplies

Blocks

CLKOUT
ECR
Vool PIT Clock
RFD
PLL (Digital)

Decrementer/Time Base Clock
Oscillator
SCCR
SCCSR

PLL {Analog)

Power Supply

VDDKAP1

Vopsn

To improve noise immunity, the PLL has its own set of power supply pins, Vppgyn and Vgggn. Cnly the
charge pump and the VCO are powered by these pins.

The oscillator, system clock control register, and system clock control and status register are powered
from the keep alive power supply (VDDKAP1). In addition, VDDKAP1 powers the time base and dec-
rementer. This allows the time base to continue incrementing even when the main power to the MCU
is off. While the main power is off, the decrementer also continues to count and may be used to signal
the external power supply to enable power to the sysiem at specific intervals. This is the power down
wakeup feature.

.
MOTOROLA MPC505

72 MPC505TS/D



5.6.3 System Clock Sources

The Vppgn and MODCLK pins are used to configure the clock source for the MCU. The configuration

modes are shown in Table 56. When both pins are high, the CPU clocks are configured for normal op-
eration and the SPLL is fully programmable. If MODCLK = 0 and Vppgy = 1. then the PLL enters one-

to-one frequency mode (i.e. fredeoutimax) = fréQesc. Where osc is the oscillator driven by either an ex-
ternal crystal or an external ciock source). If Vg = 0 and MODCLK = 1, then the PLL is disabled and
bypassed. In this case, freqclkom(max) = freqqg./2. However, the oscillator source must have a 50% duty
cycle for both one-to-one and bypass modes.

In normal and SPLL bypass modes. freqg,, can be reduced by the RFD[0:2] bits. Note that
fredeikoutimax) Corresponds to the RFD bits being cleared to zero. In one-tc-one mode, the RFD bits have
no effect.

It Vppsn = 0 and MODCLK = 0, then the CPU clocks are configured in special test mode. In this mode,

the PLL and most of the clock generation circuitry are bypassed. This mode is provided for factory test
only.

Table 56 System Clock Sources

VDDSN MODCLK SPLL Options
i 1 - . 1 Normal Operation T
1 0 1:1 Mode ("eqclkout(max): frequge)
o 1 SPLL Bypass Mode (fregeeunmax; = fredosc/2)
0 0 Special Test Mode

5.6.4 Low-Power Modes

The clock module provides one normal operating mode and three low-power modes. The low-power
mode (LPM) bits in the SCCR select one of these four modes. When one of the three low-power modes
is selected, the EBI prevents the CPU from starting any more bus cycles, but allows the current bus
cycle to terminate. At the end of the current bus cycle, the appropriate clocks are stopped and the EBI
continues operation as defined for the low power mode selected.

The normai operating mode, state Ox0, is the state cut of clock reset. This is also the state the bits go
to when the low-power mode exit signal arrives.

Mode 1 is single-chip mode. In this mede, CLKOUT is turned off. This mode can be selected when the
MCU is used by itself and does not need to provide a system clock.

Mode 2 is doze mode. In this state, not only is CLKOUT turned off, but also all internal clocks are turned
off. However, the oscillator and the PLL continue to operate normally.

Mode 3 is sleep mode. In this state, all clocks are turned off, including the oscillator and the PLL.

Table 57 summarizes the events that cause the MCU to exit from each of the three low-power modes.

—
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Table 57 Exiting Low-Power Mode

o, | ot | w0 | iew
RESETOUT assertion Yes Yes Yes
TRQ pin assertion (if LPMM = 1) Yes Yes Yes
Decrementer interrupt Yes Yes No
PIT Interrupt Yes Yes No

5.6.5 System Clock Contro! Register (SCCR)
The SCCR controls the operation of the SPLL. It is powered by VODKAP1.

SCCR — System Clock Control Register 0x8007 FC50
0 1 2 3 4 5 5 7 8 9 oot 12 13 M s
RESERVED [ LPMM [ 185 [ DCE |LOLRE LLOOREI RESD ] MF RESERVED

RESET:
0 0 0 0 0 i 0 0 0 0 0 1 0 0 0 0

16 17 18 18 20 21 22 23 24 25 26 27 28 29 30 K|

RESERVED LPM RESERVED | RFD
RESET:
0 0 o} 0 0 0 0 0 0 0 0 0 0 0 1 t
Table 58 SCCR Bit Settings
Bit(s) Name Description
0.2 — Reserved
Low power mode mask
3 LPMM | 0 = IRQ[0:1] pins cannot be used to wake up from LPM

1 = IRQ[0:1] pins can be used to wake up from LPM

Time base/decrementer source
4 TBE |0 = Source is crystal osciltator ~ 4
1 = Source is system clock + 4

Decrementer clock enable
5 DCE |0 = Clock to decrementer is disabted
1 = Clock to decrementer is enabled

Loss-of-lock reset enable

0 = Loss of lock does not cause reset

1 = Loss of lock causes reset

In bypass clock mode, setting the LOLRE bit generates a reset request, since the lock detect cir-

cuit indicates an out-of-lock condition (since the PLL is off). The LOLRE bit must always be
cleared in bypass mode.

6 LOLRE

Loss-of-oscillator reset enable
7 LOORE |0 = Loss of oscillator does not cause reset
1 = Loss of oscillator causes reset

8 — Reserved

e
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Table 58 SCCR Bit Settings (Continued)

- !

Bit(s) Name Descriptionr

Multiplication factor. In normal mode. the output of the VGO is divided down 1o giegéqrate tﬁe feed- |
back signal to the phase comparator. The MF field controls the value of the divider in the PLL i
feedback loop. '

|

The MF and RFD lields determine the CLKOUT trequency. Refer to Table 59, !
X000 = x 4 |
X001 =x5
X010=x6
9:12 MF X011 =x7
X100 =x 8
X101=x9
X110 =x10
X111 =x ti

Caution: The MF bits must not be programmed to a value that requires the VCO 1o operate at
greater than 180 MHz. (Fygg = 4 x MF factor x Frep.) Specifically, if the reference crystal fre-
quency is 5 MHz, the MF settings of X110 (times 10) and X111 (times 11) must be avoided.

13:21 — Reserved

Low-power mode select bits. Refer to 5.6.4 Low-Power Modes.
00 = Normal operating mode

01 = Low-power mode 1 (single chip)

10 = Low-power mode 2 (doze)

22:23 LPM 111 = Low-power mode 3 (sleep)

Since all clocks are stopped in sleep mode, exiling this mode requires the normal crystal start-
up time plus the PLL lock time, Minimum length of the exit signal is two clocks in single-chip
mode, three clocks in doze mode, and until the PLL is stable in sleep mode.

24:27 — Reserved

Reduced-frequency divider. The RFD field controls a prescaler at the output of the PLL. in nor-
mal mode, the MF and RFD fields determine the CLKOUT frequency. (In bypass mode, only this
field, and not the MF field, affects CLKOUT frequency. In one-to-one mode, this field has no ef-
fect.) Refer to Table 59.

0000 = + 1
0001 =+ 2
0010=+4
o011 =+
0100 = + 16
28:31 | RFD |0101=-32
0110 = + 64
0111 =+ 128
1000 = + 256
1001 =+ 512
1010 = - 1024
1011 = = 1024
1100 = + 1024
1101 = - 1024
1110 =+ 1024
1111 = + 1024

Mh
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Table 59 CLKOUT Frequencies with a 4-MHz Crystal1

ri ) ’ CLKOUT (Hz} )
RFD(0:3] MF = X000 | MF=X001 | MF=X010 | MF=X011 | MF=X100 | MF=X101 |MF=X110 | MF=X111
(x4) (x5) (x86) (x7) (x8) (x9) (x10) x11)
0 = 0000 (= 1 16.000 M |20.000 M |24.000M [28.000M |32000M |36.000M |40.000M |44.000 M

4.000 M |5.000 M 6.000 M 7.000 M 8.000 M 9.000 M 10.000 M | 11.000 M i

)

1 =0001(+2) 8.000M |[10.000M [12000M |14.000M |16000M |18.000M |20.000M |22.000M
)
)

T2000M |2500M  |3000M2 |3500M [4000M | 4500M |5000M |5.500 M
4-0100(- 16) | 1000M {1250M {1500M |1.750M |2000M |2250M [2500M |2750M
5-0101(-32) | 0500M |0625M |0750M |0875M |[1.000M |1.125M |1250M [1.3750M
6-0110(-64) | 0250M [0313M |0375M |0438M |0500M |0563M | 0625M |0.688M
7-0111(-128) | 0.125M |0.156 M |0.188M |[0.219M [0.250M |0281M [0.313M [0.344 M
8=1000 (~ 256) | 62.500 K |78.125K |93.750K |0.109M |0.125M [0.141M [0.156M [0.172M

~ 1001 (+512) | 31.250K |39.063K [46.875K |54.688K |62500K [70.313K |78.125K |85.938 K

10 —1010 (- 1024) | 15625 K |19.531 K |23438K |27.344K |31.250K |35.156K |39.063 K |42.969 K

111010 (= 1024) | 15625K |19.531 K |23.438K |27.344K |31.250K |35156K |39.063K [42.969 K
=
(=

12 =1010 (= 1024) | 15625K |19.531 K [23438K [27.344K |[31250K |[35156K [39.063K [42969K
13=1010 (- 1024) | 15625 K [19.531 K [23.438K 127.344K |31.250K |35156K |39.063K |42.969K
14 =1010 (= 1024) | 16625K [19.531 K [23438K [27.344K |31.250K |35156K (39.063K [42969K
15=1010 (= 1024) | 15.625K | 19531 K [23438K |27.344K {31.250K |35156K |39.063K |42.969K

NOTES:
1. Settings resulting in CLKOQUT frequencies in the shaded areas should not be used in the MPC505.
2. Default setting.

5.6.6 System Clock Lock and Status Register (SCLSR)
The SCLSR contains control and status information for the PLL.

SCLSR — System Clock Lock and Status Register 0x8007 FC54
0 1 2 3 4 5 6 7 8 9 0 1 12 1B 4
RESERVED | STME ‘ MPL ’ LPML | RFDL | RESERVED l STMS T
RESET
0 0 0 0 0 0 0 ¢ 0 0 0 0 0 0 0 9
® 17 18 18 20 A @ 2% 24 2% 2% 27 8 29 30 3
RESERVED 1 WUR i RESERVED ]spLss[ SPLS | LOO ]
RESET
0 0 0 0 0 0 0 0 0 0 0 0 0 U u U

U = Unaffected by reset

|
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Table 60 SCLSR Bit Settings

Bit(s) ] . Name | ' Description
0:3 — Reserved
System PLL test mode enable. Used tor factory testing only.
; 4 STME |0 = Test mode disabled

‘ ‘ 1 = Test mode enabled

[ MF lock (set-once bil) o T
5 MPL [0 = Wriles 1o MF field (in SCCR) atlowed
1 = Writes to MF field have no effect

: Low-power mode lock (set-once bit)
5] LPML |0 = Writes to LPM bits allowed
1 = Writes to LPM bits have no effect

Fle_(_ﬁuced-frequency divide lock

7 RFDL |0 = Writes to RF bits allowed
1 = Writes to RF bits have no effect
8:13 — Reserved

System PLL test mode select. Used for factory tes?mg only.
14:15 STMS |00 = Normal operation
00, 01, 11 = Special test modes {for factory 1est only)

16:22 — Reserved

Wakeup request
0 = PDWU pin forced low (request power off)
23 WUR | 1=PDWU pin forced high (request power on)

Caution: the user must wait one decrementer clock cycle following a decrementer interrupt be-
fore clearing this bit. Otherwise, the PDWU pin may only be cleared temporarily.

24:28 — Reserved

System PLL lock status sticky bit
29 SPLSS |0 = PLL has gone out of lock since software last set this bit
1 = PLL has remained in lock since software last set this bit

System PLL lock status
30 SPLS |0 = PLL has not locked
t = PLL has locked

Loss-of-oscillator status
31 LOO |0 = Clock detected
1 = Crystal not detected

5.7 Reset

Reset procedures handle system initialization and recovery frem catastrophic failure. The MPC505 per-
forms reset with a combination of hardware and software. The SIU determines whether a reset is valid,
asserts control signals, performs basic system configuration based on hardware mode-select inputs,
and then passes controi to the CPU.

Reset is the highest-priority CPU exception. Any processing in progress is aborted by the reset excep-
tion and cannot be restarted. Only assential tasks are performed during reset exception processing.
Other initialization tasks must be accomplished by the exception handler routine.

5.7.1 Reset Sources
The following sources can cause reset:
= External reset pin (RESET)

* Loss of oscillator
) » Loss of PLL lock

T,
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* Software watchdog reset
* Checkstop reset
* JTAG reset (external TRST pin)

All of these reset sources are fed into the reset controller. The reset status register (RSR) reflects the
most recent source, or sources, of reset. (Simultaneous reset requests can cause more than one bit to
be set at the same time.) This register contains one bit for each reset source. A bit set to logic one in-
dicates the type of reset that last cccurred.

Individual bits in the RSR can be cleared by writing them as zeros after reading them as ones. (Writing
individual bits as ones has no effect.) The register can be read at all times. Assertion of the RESET pin
clears all bits except the RESET bit.

RSR — Reset Status Register 0x8007 FC4C
0 1 2 3 4 5 [ 7 8 g 10 11 12 13 14 15
lRESETl L0 [ LoL ‘ sw ] CR [JTAG’ RESEAVED ‘
% 17 8 19 20 21 22 23 24 25 9% 27 28 29 3 3
| RESERVED ]

Table 61 Reset Status Register Bit Settings

Bit(s) Name Description

If set, source of resel is the external RESET input pin. This pin should be asserted whenever

R T ;
0 ESE Vpp is below Vppuin-

If set, source of reset is a loss of oscillator. The clock module asserts loss-of-osciliator reset
when the MCU is in low power mode 3 or no clock signal is present on the EXTAL pin. If the clock
module detects a loss-ol-oscillator condition, erroneous external bus operation will occur if syn-
chronous external devices use the MCU input clock. Erroneous operation can also occur if de-
vices with a PLL use the MCU CLKOUT signal. This source of reset is masked by the loss-of-
oscillator reset enable (LOORE) bit in the system clock control register (SCCR).

1 LOO

If set, the cause of reset is the loss of PLL lock. The clock module asserts loss-of-lock reset when
the PLL detects a loss of lock and the loss-of-lock reset enable bit is set in the system clock con-
trol register (SCCRY). If the PLL detects a loss of lock condition, erroneous external bus operation
will occur if synchronous external devices use the MCU input clock. Erroneous operation can
aiso occur if devices with a PLL use the MCU CLKOUT signal. This source of reset is masked
by the loss-of-lock reset enable {LOLRE) bit in the system clock control register.

2 LOL

If set, source of reset is a software watchdog time-out. This occurs when the software waltchdog
counter reaches zero.

If set, the source of reset is a checkstop. This occurs when the processor enters the checkstop
state and the checkstop reset is enabled,

If set, the source of reselt is the JTAG module {external TRST pin asserted). This reset occurs
only during production testing.

6:31 — Reserved

5 JTAG

5.7.2 Power-On Reset
The MPC505 does not have a power-on reset circuit. This function must be provided externally.

NOTE
The ADDR(0:11)/C5[0:11] pins contain unknown values during the first two clocks
of power-on reset. The user must ensure that external EEPROM and standby
memory interface logic do not allow inadvertent writes during this time.

.
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5.7.3 Reset Flow

The reset pin is synchronized to the system clock (CLKOUT). If the system clock is not running (during
low-power stop), reset is synchronized to the crystal. This synchronized reset input causes the MCU to
be placed in reset. While the chip is in reset, the RESETOUT output signal is asserted. The timing for
the release of RESETOUT depends on the clock mode and data bus configuration word. Refer to Table
64 for details.

While RESETOUT is asserted, activity on the internal buses is halted. Prior to the release of
RESETOUT, any mode-select pins are sampled (if necessary). Internal reset is released at the same
time as RESETOUT, however, internal buses are not released until 17 clock cycles after RESETOUT
is detected as negated. After that time, instruction fetches may occur.

5.7.4 Configuration During Reset

Many SIU pins can have more than one function. The logic state of certain mode-select pins during reset
determines which functions are assigned to certain pins with muitiple functions. These mode-select pins
determine other aspects of operating configuration as well.

Basic operating configuration is determined by the DSDI pin, as shown in Table 62,

Table 62 Pin Configuration During Reset

Pin During Reset Function Affected
DSDI Asserted (1) Data bus configuration mode
DSDI Negated (0) Internal default mode

Refer to 8.6 Development Port and Debug Mode Configuration for information on setting debug op-
tions during reset.

Data bus configuration mede is used if DSDI is asserted (high) during the assertion of RESETOUT. In
this case, chip configuration is determined by the levels driven on the external data bus {DATA[0:5] at
a minimum) while RESETOUT is asserted.

This scheme allows users of the internal default mode to limit their required external configuration hard-
ware to two pulldown resistors. It also allows many options to be configured with a single three-state
octal buffer.

5.7.4.1 Data Bus Configuration Mode

If data bus configuration mode is selected (DSDI is asserted), then the part is configured according to
the values latched off of the data bus pins DATA[0:31]. The external data bus is divided into four groups:

» DSDI, DATA[0:5]
* DATA[6:13]

« DATA[14:21]

« DATA[22:31]

This grouping allows the user to use three-state octal bufters to only drive valid data on the pins for
those reset configuration options that the user would want to change. The state of the last pin in each
group (pins 5, 13, and 21) determines whether the following reset configuration options use the internal
default values or are configured from the data bus. The user is required to drive to a valid level all the
pins in any of the groups that are to be changed. The functions selected by these pins are shown in
Table 63.
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5.7.4.2 Internal Default Mode

The internal default moede allows MCUs with on-board non-volatile memory modules to provide a pin
configuration word on the 1-bus or L-bus data bus during reset. For MCUs without such a memory mod-
ute, such as the MPC505, the SIU provides a mask-programmed detault value.

5.7.4.3 Data Bus Reset Configuration Word

Iy either reset configuration mode (data bus configuration mode or internal default mode), the configu-
ration is accomplished within the MCU by driving a configuration word on the internal data bus befcre
the internal RESET signal (reflected on RESETOUT) is negated. When the internal RESET sigral is
negated, those functions that are configured at reset latch their configuration values from the assigned
bits of the internal data bus. The format of the data bus reset configuration word is the same regardless
of which configuration mode is selected, except that data bus bits 5, 13, and 21 have no meaning in
internal default mode. Table 63 describes the configuration options. The default reset configuration
word for the MPC505 (shown in the column labeled “Internal Default Mode”) is OxD3DB FOAS.

Table 63 Data Bus Reset Configuration Word

Data Configuration Effect of Effect of Internal
Bus Bit Function Mode Select = 1 Mode Select =0 Default
Eftected During Reset During Reset Mode
Minimum Bus Mode Maximum Bus Mode '
0 Address Bus ADDR[0:11)/C8[0:17] con- | ADDR[0:11)/CS[011] configurad 1
figured as chip selects as address pins
; Vector Table Location | Vector Table Vector Table ]
{IP Bit) 0xFFFO0 0000 0x0000 0000
2 Burst Type/indication | Type 2 (LAST Timing) Type 1 (BDIP Timing) 0
Interface Type ITYPE = 001 ITYPE = 1000
3 for Asynchronous Svnch 5 1
CsBOOT (Time to Hi-Z = 2Clk) ynchronous Burst
4 CSBOOQT Port Size | 32-Bit 16-Bit 0
5 Reset configuration Latch configuration from ax- | Latch configuration from internal 0
source for DATA[6:13] |ternal pins. defaults.
TA Delay Encoding Number of Wait States
000 0
001 1
o _|o10 2
6:8 TA Delay For CSBOOT | 011 3 11
100 4
101 5
110 6
111 7
IMEMBASE I-Mem Block Placement
00 Start Addr: 0x0000 0000
01 End Addr: 0x000F FFFF
310 IMEMBASE[0:1] 10 Start Addr: OxFFFQ 0000 10
11 End Addr: OxFFFF FFFF
Note: MPC505 does not contain
[-Mem
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Table 63 Data Bus Reset Configuration Word {Continued)

Data Configuration Effect of | Effect of | Internal
Bus Bit Function Mode Select = 1 | Mode Select = 0 Detault
Effected During Reset ; During Reset Mode
LMEMBASE L-Mem (SRAM) Block Placement
00 Start address: 0x0000 0000
1112 | LMEMBASE(0:1] o] End address: OxQ00F FFFF 1
10 Start address: 0xFFFQ 0000
11 End address: OxFFFF FFFF
13 Reset configuration Latch configuration from ex- | Latch configuration from internal 0
source for DATA[14:21] lternal pins defaults.
14 CT[0:3], AT[0:1], TS CT[0:3), AT[0:1), TS PJ[1:7] 1
15 WR, BDIP WR, BDIP PKI[0:1} 1
PLLL/DSDO, VF[0:2]. DSDO, Pipe Tracking, , _ o
16 VFLS[0:1], WP[1:5] Watchpoints PK[2:7). PL[2:7] !
BURST, TEA, AACK
_— = ' Pi P 0:7
17 TA, BE[0:3] Handshake Pins ORTI0:7] 1
CR, Bl, ER, BB, BG .
e ' i i PM[2:
18 ARETRY Bus Arbitration Pins M[2:7] 1
19 | Releaseresstwhen PLL | oot 1o Table 64 Refer to Table 64 !
locked
20 Reserved o |
o1 Reset configuration Latch configuration frem ex- | Latch configuration from internal o
source for DATA[22:31] (ternal pins. defaults.
22 Reserved
23 Reserved
04 LEN L-bus Memory modules are [ L-bus memory modules are dis- 1
enabled. abled and emulated externally.
Forces accesses to ports A,
25 PRUMODE B, I, J. K, and L to go exter- | No effect 0
nal.
26 ADDR([12:15] ADDR([12:15] PB[4.7] 1
27 Reserved 0
28 Reserved 0
28 Reserved Q
30 Test Slave Mode Enable | Test Slave Mode Disabled | Test Slave Mode Enabled 1
31 Test Transparent Test Transparent Test Transparent 1
Mode Enable Mode Disabled Mode Enabled

)
e ——————————————
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Table 64 Reset Behavior for Different Clock Modes

Clock Mode Vposn MODCLK Internal DATA19 = 1 at Reset | Internal DATA19 = 0 at Reset

Release internal reset when PLL
is locked and 17 clocks after

Normal 1 1 Release internal reset 17 clocks | BESET is negated OR when
operation after RESET is negated time-out value in the time base

register has expired (whichever
oceurs first)

) Release internal reset when PLL is locked and 17 clocks after
1:1 mode 1 0

RESET is negated
SPLﬂ:é)ggass 0 1 Release internal reset 17 clocks after RESET is negated
Special test mode 0 o Retease internal reset 17 clocks after RESET is negated

5.8 General-Purpose /O

Many of the pins associated with the SIU can be used for more than one function. The primary function
ot these pins is to provide an external bus interface. When not used for their primary function, many of
these pins can be used as digital I/O pins.

SIU digital I/O pins are grouped into 8-bit ports. The following registers are associated with each 1/0
port. (Qutput-only ports do not have a data direction register.)

* Pin assignment register — allows the user to configure a pin for its primary function or digital I/O.

= Data direction register — configures individual pins as input or output pins.

» Data register — monitors or controls the state of its pins, depending on the state of the data direc-
tion register for that pin.

If a pin is not configured as an /O port pin in the pin assignment register, the data direction and data
registers have no effect on the pin.

Ports A through L can he used with a port replacement unit (PRU). These ports provide three-clock-
cycle access. If PRU mode is enabled at reset, access o these registers is disabled, and an external
bus cycle is initiated. Other (non-PRU) ports provide two-clock-cycle access.

In addition to the SIU ports described in this section, port Q in the peripherals controller unit provides
edge- or level-sensitive /0. Refer to 6.5 Port Q for information on port Q.

Table 65 is an address map of the SIU port registers.

.|
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Table 65 SIU Port Registers Address Map

Access Address i Register
S 0x8007 FC60 | Port M Data Direction (DBRM)
S OxB007 FC64 | Port M Pin Assignment (PMPAR}
S5/U 0Ox8007 FCE8 Port M Data (PORTM)
_ 0xB007 FC6C~ [
0x8007 FCBO e
Port A, B Pin Assignment
S 0x8007 FC84 (PAPAR, PBPAR)
S/u 0x8007 FC88 Port A, B Data (PORTA, PORTB)
_ OxB007 FCBG— 1o
Ox8007 FC94
Port |, J, K, L Data Direction
S Ox8007 FCS8 | \\bRm1. DDRJ, DDRK, DDRL)
Port |, J, K, L Pin Assignment
S Ox8007 FCOC (PIPAR. PJPAR, PKPAR, PLPAR)
Port |, J, K, L Data
S OxB007 FCAD | pORTI, PORT., PORTK, PORTL)
- 0x8007 FCA4— Reserved
0xB007 FCFF _J
58.1 Port M
PORTM — Port M Data Register 0x8007 FC68
0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15
| 0 ' 0 i 0 l PM3 | PM4 ] PM5 1 PM6 | PM7 | RESERVED
RESET:
0 0 0 1] u u U U 0 0 0 9 0 0 0 0
16 17 18 19 20 21 22 23 24 25 2 27 28 29 30 3
RESERVED
RESET:
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Writes to PORTM are stored in internal data latches. If any bit of the port is configured as an output, the
value latched for that bit is driven onto the pin. A read of PORTM returns the vaiue at the pin only if the
pin is configured as a discrete input. Otherwise, the value read will be the value stored in the internal
data latch. PORTM can be read or written at any time. This register is unaffected by reset.

)

.
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DDRM — Port M Data Direction Register 0x8007 FC60

0 1 2 3 4 5 6 7 8 3 w1 12 13 14 15
5[ 0 [ 0 [ 0 | DOM3 \ DOMs { DOMS { DOMS | ooM? | RESERVED
RESET o
0 0 0 o 0 0 0 0 0 0 0 0 0 0 0 0
% 17 w8 19 20 20 2 23 24 25 2 27 2 29 30 3
E I RESERVED - S
RESET.
0 0 0 a 0 4] 0 0 0 0 0 0 0 0 0 V]

The bits in this register control the direction of the port M pin drivers when the pins are configured as I/
O pins. Setting a bit in this register to one configures the corresponding pin as an output; clearing the
bit configures the pin as an input.

PMPAR — Port M Pin Assignment Register 0x8007 FC64
0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15
| 0 l 0 IPMPAzTPMPAa } PMPA4 | PMPAS | PMPAG [ PMPA?] RESERVED
RESET:
0 0 0 0 g 0 0 0
16 17 18 19 20 21 2 23 24 25 % 27 28 29 ao 31
RESERVED J
RESET:
0 0 0 0 | 0 0 0 0 0 0 0 0 9 9 0

* Reset setting depends on the value of the configuration word at reset.

The bits in this register control the function of the associated pins. Setting a bit in this regisier to one
configures the corresponding pin as a bus control signal; clearing a bit configures the pin as an I/O pin
{or as the DS signal, in the case of PMPA2).

Table 66 Port M Pin Assignments

PMPAR Bit Port M Signal Bus Control Signal
PMPA2 DS CR
PMPA3 PM3 Bl
PMPA4 PM4 BR
PMPAS PM5 BB
PMPAG PM6 BG
PMPA7 PM7 ARETRY
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5.8.2 Ports Aand B

Ports A and B are 8-bit output ports. Associated with each port is a data register and a pin assignment
register; data direction registers are not needed.

PORTA, PORTB — Port A, B Data Registers 0x8007 FCB8

0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15

l PAO i PA1 I PA2 | PAS i PA {PAS J PAG ‘ PA7 I PBO l PB1 1‘ PB2 |

B ’ PB4 ‘ PBS ! PBo I PE7 ‘

RESET:

U U U U U U u U u U u u U U u U

U = Unaffected by reset

16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R V RESEHVE[-)M ) T‘
RESET: B h
0 ) 0 0 0 0 0 0 0 0 0 0 0 0 0 i}

When a port A or port B pin is configured as a general-purpose output, the value in the port A or port B
data register is driven onto the pin. PORTA and PORTB are unaffected by reset.

PAPAR, PBPAR — Port A, B Pin Assignment Register 0x8007 FC84
0 . 2 3 4 5 6 7 8 9 oM 12 13 14 13
[ PAPAD ’ PAPA ’ PAPAZ [PAPAS | PAPAii‘l PAPAS ! PAPAG ] PAPA | PBPAQ [ PRPA! ‘ PERA2 | PBPA ] PBPA ‘ PBPAS } PBPAG ’ Pap;ﬂ
RESET.
1 1 1 1 1 1 1 1 1 1 1 1
% 17 18 19 20 21 2 23 24 25 2% 2 2 3 3 3
RESERVED
RESET:
0 0 0 0 0 0 0 0 0 0 0 o 0 0 0 0

' Reset setling depends on the value of the configuration word at reset.

Each bit in this register controls the function of the associated pin, provided the pin is configured for non-
chip-select function in the corresponding chip-select options register. Setting a bit in the PAPAR or
PBPAR configures the corresponding pin as an address bus pin; clearing the bit configures the pin as

an /O pin.
Table 67 Port A Pin Assignments
PMPAR Bit Port A Signal Bus Control Signal
PAPAQD PAOD ADDRO
PAPA1 PA1 ADDR1
PAPAZ PAZ2 ADDR2
PAPA3 PA3 ADDR3
PAPA4 PA4 ADDR4
PAPAS PAS ' ADDRS
) PAPAG PAG ADDRs
PAPAY PA7 ADDR?
MPC505 MCTOROLA

MPC505TS/D 85



Table 68 Port B Pin Assignments

PMPAR Bit Port B Signal Bus Control Signal
PBPAO PBO ‘ ADDR8
T pBPAT PB1 ; ADDRY
PBPA? PB2 : ADDR10
PBPA3 PB3 ’ ADDR11
PBPA4 PB4 ADDR12

PBPA5 PBS ~ ADDR13 i
PBPAG PBS ADDR14

PBPA7 Ty ; ADDR15 i

583 Ports |, 4, K, and L

PORTI, PORTJ, PORTK, PORTL — Port 1, J, K, L Data Registers 0x8007 FCAO
0 i 2 3 4 5 6 7 8 9 0 1 12 1 14 15

l PIo I Pt | P | P13 [ Pia l PIS ] PIE i PI7 [ 0 ] PJ1 ] PJ2 [ Pi3 [ PJ4 I PU5 ] PJ [ PJ7 ‘
RESET
U u U u u U U U 0 y u u u u U v
6 17 18 19 2 A 22 2 24 B 2% 2 2/ 2 30 3

[Pkolpm’PK2|PK3]PK4|PK5|PK6[PK7I 2 | 0 |PL2|PL3‘PL4{PL5[PL5|PL?{
RESET:
u u U U U u y U 0 0 U r U U U q

U = Unaffected by reset

Writes to port |, J, K, and L data registers are stored in internal data latches. If any pin in one of these
ports is configured as an output, the value latched for the corresponding data register bit is driven onto
the pin. A read of one of these data registers returns the value at the pin only if the pin is configured as
a discrete input. Otherwise, the value read is the value stored in the internal data latch. Port I, J, K, and
L data registers can be read at any time. Writes to bits in these registers whose pins are configured as
inputs have no effect. These registers are unaffected by reset.

DDRI, DDRJ, DDRK, DDRL — Port |, J, K, L Data Direction Registers 0x8007 FC98

0 ! 2 3 4 5 6 7 8 9 10 1 12 13 14 15

[ DDIo | oo l oCI2 ‘ 0DI3 [ 00l4 1 BOIS ] DDI6 [ Do [ 0 ! DD | D2 | 003 | D0J4 I DDJS I DOJ6 | DDJ7 ‘

RESET:
2 o 0 0 0 0 0 0 0 0 0 0 0 9 0 0
% 7 18 19w 2 @ 23 2«4 2 % o @ 29 B A
LDDKO ( DOK1 l DDK2 ‘ DDK3 I DDKé [ DDKS 1 DDK6 ] BOK? } 0 l 0 [ DDL2 [DDLS l oDL4 [ DOLS J DOLE [ DDL? 1
RESET:
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

The bits in these registers control the direction of the associated pin drivers when the pins are config-
ured as I/O pins. Setting a bit in these registers configures the corresponding pin as an output; clearing
the bit configures the pin as an input.
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PIPAR, PJPAR, PKPAR, PLPAR — Port |, J, K, L Pin Assignment Registers 0x8007 FCOC

0 1 2 3 q 5 6 7 B 9 10 11 12 13 14 15

RESET:

17 18 9 20 2 2 21 w4 95 % 2 28 29 a0 4
[PKPAO} PKPAT [ PKPA2 | FKPA3 l PKPA4 I PKPAS | PKPAS { PKPA? ‘ 0 J 0 J PLPAzl PLPAS | PLPAG ‘ PLPAS l PLPAB [ PLPAT ]
RESET:

“ Reset setting depends on the value of the configuration word at reset.

The bits in these registers control the function of the associated pins. Setting a bit configures the corre-
sponding pin as a bus control signal; clearing the bit contigures the pin as an /O pin.

Table 69 Port | Pin Assignments

PIPAR Bit Port | Signal Bus Control Signal
PIPAQO PIO BURST
PIPA1 Pl TEA
PIPAZ PI2 AACK
PIPA3 PI3 TA
PIPA4 Pl4 BED
PIPAS PI5 BE1
PIPAG Pls BE2
PIPA7 P17 BE3

Table 70 Port J Pin Assignments

PJPAR Bit Port J Signal Bus Control Signal
PJPA1 PJ1 ATO
PJPA2 PJ2 AT1
PJPA3 PJ3 TS
PJPA4 PJ4 CTo
PJPAS PJ5 CT1
PJPAG PJ6 CT2
PJPA7 PJ7 CT3
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Table 71 Port K Pin Assignments

PKPAR Bit Port K Signal Bus Control Signal |

PKPAO - PKO ~ BDIP

PKPA PK1 WR

PKPA2 PK2 PLLL/DSDO

PKPA3 PK3 VFO

PKPA4 PK4 VF1

PKPA5 | PK5 VF2

PKPAE6 PK6 VFLSO
 PKPA7 PK7 VFLST !

Table 72 Port L Pin Assignments

PLPAR Bit Port L Signal Bus Control Signal
PLPA2 pL2 WPO
PLPA3 PL3 WP1
PLPA4 PL4 wP2
PLPAS5 PL5 WP3
PLPAG PLG WP4
PLPA7 PL7 WP5

5.8.4 Port Replacement Unit (PRU) Mode

The entire external bus interface must be supported in order to build an emulator for an MCU. The S
contains support for external port replacement logic which can be used to faithfully replicate on-chip
ports externally. This PRU mode allows system development of a single-chip application in expanded
mode. Access (including access time} to the port replacement fagic can be made transparent to the ap-
plication software.

In PRU mode, all data, data direction, and pin assignment registers for ports A, B, |, J, K, and L are
mapped externally. The SIU does not respond to these accesses, allowing external logic, such as a
PRU, to respend.

PRU mode is invoked by pulling DATA25 high during reset. Other pins should be configured as bus con-
trol pins.

- |
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6 Peripheral Control Unit
The peripheral control unit (PCU) consists of the foilowing submodules:

* Software watchdog --- provides system protection.

* Interrupt controller — controls the interrupts that external peripherals and internal modules send
to the CPU.

* Port @ — provides for digital /O on pins that are not being used as interrupt inputs.

* Test submodule — allows factory testing of the MCU.

* L-bus/IMB2 interface {LIMB) — provides an interface between the load/store bus and the second
generation intermedule bus (IMB2). The IMB2, which is comparable to the IMB on modular
M68300- and M68HC16-family MCUs, connects on-chip peripherals to the processor via the
LIMB.

6.1 PCU Address Map

Table 73 shows the address map for the PCU. An entry of “S” in the Access column indicates that the
register is accessible in supervisor mode only. “S/U” indicates that the register can be programmed to
the desired privilege level. “Test” indicates that the register is accessible in test mode only.

Tabie 73 PCU Address Map

Access Address Register
5 0x8007 EF80 Peripheral Control Unit Module Configuration Register (PCUMCR)
. Ox8007 EF84 — Reserved
0xB8007EF9C
S 0x8007 EFAD Pending Interrupt Request Register (IRQPEND)
3 0x8007 EFA4 Enabled Active Interrupt Request Register (IRQAND)
S 0xB007 EFAS8 Interrupt Enable Register (IRQENABLE)
5 Ox8007 EFAC PIT/Port Q Interrupt Level Register (PITQIL)
. 0x8007 EFBO — Reserved
0x8007 EFBC
S 0x8007 EFCO Software Service Register (SWSR) | Reserved
s 0x8007 EFC4 Scltware Watchdog Control Field/Timing Count (SWCR/SWTC)
s 0x8007 EFC8 Software Watchdog Register
— 0x8007 EFCC Reserved
S/ 0x8007 EFDO | Port Q Edge Detect/Data (PQEDGDAT) Reserved
S 0x800Q7 EFD4 Port Q Pin Assignment Register (PQPAR)
. 0x8007 EFD8 — Reserved
0x8007 EFFC
CAUTION

Avaid writing to reserved location Ox8007 EF98. Setting the high-order bit in this
reserved register causes the MCU to enter test mode.
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6.2 Peripheral Control Unit Configuration

PCUMCR — Peripherat Control Unit Module Configuration Register 0x8007 EF80
0 ' 2 3 a 5 6 7 8 S SR TR St S PR
[ S0P ] IRQMUX RESERVED TV  RESERVED : “
RESET. ' ‘ l -
0 i 1 0 0 0 0 0 ! 0 0 0 0 0 0 0
17 18 19 20 2 2 23 24 25 % 27 8 28 0 3
L © RESFAVED - ]
' RESET ' _ '
0 0 0 0 9 0 0 0 0 0 0 0 0 0 0 0

Table 74 PCUMCR Bit Settings

Bit(s) Name Description

Stop system clock to peripherals controller
o] STOP |0 = Enable system clock to IMB2 modules
1 = Disable system clock to IMB2 modules

Interrupt request multiplexer control

00 = Disable multiplexing scheme (eight possible interrupt sources)
01 = 2-to-1 multiplexing (16 possible interrupt sources}

10 IRQMUX | 10 = 3-lo-1 muttiplexing (24 possible interrupt sources)

11 = 4-10-1 multiplexing (32 possible interrupt sources)

Caution: The user should not change the default setting of 11 for this field, so that all 32 interrupt
levels are available for the L-bus, periodic interrupt timer, and port Q interrupts.

37 — Reserved

Supervisor access for PCU registers
00 = Supervisor/unrestricted registers respond to accesses in supervisor or user data space.
01 = Supervisor/unrestricted registers respond to accesses in supervisor space only.

8:9 SUPV 10 = Supervisor/unrestricted registers respond to read accesses in either dala space, but write
accesses can only be performed in supervisor dala space.
10 = Undefined
10:31 — Reserved

6.3 Software Watchdog

The software watchdog monitors the software interfaces of the system and requires the software to take
periodic action in order to ensure that the program is executing properly. To protect against software
error, the following service must be executed on a regular basis:

1. Write 0x556C to the SWSR
2. Write OxAA39 to the SWSR

This sequence clears the watchdog timer, and the timing process begins again. If this periodic servicing
does not occur, the software watchdog issues a reset. If any vatue other than 0x556C or OxAA39 is writ-
ten to the SWSR, the entire sequence must start over.

D ———————E,————————— .
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SWSR — Software Watchdog Service Register 0x8007 EFC8

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 a0 3

SWSR | RESERVED

AL

RESET:
o0 ¢ 0 0 0 0 0 0 0 0 0 O Q C 0000 0 0 0 0 D 0 00 0 0 0 0 O

A write of 0x556C followed by a write of 0xAA3$ to the SWSR causes the software watchdog register
to be reloaded from the SWTC field of the SWCR.

SWCR/SWTC — Software Watchdog Control Field/Timing Count 0x8007 EFC4
0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15
[MB ] 0 ] 0 l 0 ] 0 I d.,._] SWe | SWLK [ Cswie
RESET:
0 0 g 0 0 0 1 0 1 1 1 1 1 1 1 1
16 17 18 19 20 21 2 23 24 25 26 7 28 29 30 31
SWTC 1
RESET:

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

The software watchdog control field consists of the scftware watchdog enable (SWE) and lock {SWLK)
bits. Bits 8 through 31 of the SWCR/SWTC constitute the software watchdog timing count, a 24-bit reg-
ister that controls the software watchdog time-out period.

Table 75 SWCR/SWTC Bit Settings

Bit(s}) Name Description
05 — Reserved
Soltware watchdog enable
6 SWE 0 = Disable watchdog counter

1 = Enable watchdog counter

Software watchdog lock
7 SWLK |0 = Enable changes to SWLK, SWE, SWTC
1 = Ignore writes to SWLK, SWE, SWTC

Software watchdog timing count. This 24-bit register contains the count for the software watch-
8:31 SWTC | dog timer, which counts at system clock frequency. If this register is loaded with zero, the maxi-
mum time-out is programmed.

SWR — Software Watchdog Register 0x8007 EFC8
01 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 3
RESERVED SWR
RESET: -
XX X X X X X X v 1 1 0t 1t At 4y

The software watchdog register is a read-only register that shows the current value of the software
watchdog down counter. Writes to this register have no effect.

e ————E—————————— . ]
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6.4 Interrupt Controller

Interrupts provide a mechanism for asynchronous, real-time communication between /O devices and
the CPU. The MPC505 interrupt controller joins the simple interrupt structure of the CPU with the com-
plex structure of interrupt sources in the system. The CPU has a single maskable external interrupt. A
complete MPC505-based system can have muftiple interrupting modules, each with multiple interrupt
sources.

A block diagram of the MPC505 interrupt structure is shown in Figure 14.

MPC505

IMB2
PERIPHERAL

* {NONE PRESENT
. INMPCSOS)

IMB2 I

IMB2 IRQ{0:7] (MUXED} \i

SIV IRGs

= = { [RQPEND

INTERRUPT | ‘ROENABLE
CONTROLLER |IRGAND

| ff———— R0 5]
CR

RCPU

Figure 14 Interrupt Structure Block Diagram

The interrupt controller consolidates all the interrupt sources into a single interrupt signal to the proces-
sor. Since the MPC505 has no on-chip (IMB2) peripherals, the only interrupt scurces are the periedic
interrupt timer and external interrupt pins. Control and status registers associated with the interrupt con-
troller indicate which of 32 possible interrupt levels are pending and control which interrupt sources are
passed on tc the CPU. Table 76 lists these registers.

MOTOROLA MPC505
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Table 76 Interrupt Controller Reglsters

Name Mnemonic Descnptlon

Contains a siat_tus bit for each of the 32 interrupt leveis. Each bit of
IRQPEND | IRQPEND :s a read-only status bit that reflects the current state of the
corresponqu interrupt S|qnai }

i

Pending Interrupt
Request Register

Interrupt Enable Register | IRQENABLE | Contains an enable bit for each of the 32 interrupt levels. i

Logical AND of the IRQPEND and IRQENABLE registers. This regmer?
IRQAND reflects which levels are actually causing the TRQ input to the CPU to:
be asserted.

Enabled Active Interrupt
Requests Register

i
Contains six 5_-bi1 fields that determ_ine the interrupt requuesl levels of the !
PITQIL PIT, the IRQ{0:2] pins. and the IRQ[0:1] signals from on-chip periph-
erals on the L-bus.

Interrupt Request
Levels Register

|
|
- —

If a bit in the IRQPEND register is asserted and the corresponding bit in the IRQENABLE register is
asserted, then the interrupt request line to the CPU will be asserted. In other words, if an interrupt re-
quest is pending on a certain level and that level is enabled in the IRQENABLE register, then the CPU
IRQ line is asserted.

The interrupt controller does not enforce a priority scheme. All interrupt priority is determined by the soft-
ware. In addition, the interrupt controller does not automatically update the interrupt mask upon entering
or leaving interrupt processing. Any updates to the interrupt mask are the responsibility of software. In
this way, the system is not limited to a particular interrupt priority updating scheme.

In addition to the interrupt controller on the MPC505, external peripheral chips in an MPC505-based
system may contain their own interrupt controllers. Each interrupt input from an external peripheral chip
to the MPCS505 can be routed through the MPCS505 interrupt controller, providing prioritization and en-
abling control on the MPC505 MCU, or can be routed directly to the CPU IRQ input, This allows the
system interrupts to be structured in a cascade, where an interrupt controller on an external chip is read
only if a certain interrupt on the CPU chip is serviced, or in parallel, where all interrupt controllers in the
system are read and combined before it is determined which interrupt in the system needs servicing.

Any interrupts generated by an an-chip {IMB2) peripheral are passed down the IMB2 on eight time-mul-
tiplexed lines. This means that the IMB2 interrupts update the interrupt controller with a maximum la-
tency of four clocks.

IRQPEND — Pending Interrupt Request Register 0xB8007 EFAO
1 2 3 4 5 6 7 8 9 0 N w13 W 15
LLO [ L | L2 I L3 ‘ L4 [ L5 l L6 l ) | Ls I L9 ‘ L10 ’ L1 ] L12 | 113 | Li4 I L1 i
RESET:
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
% 17 ® 19 20 20 22 3 2 25 2% 2 @ 29 30 3
| us [ w7 l L18 I L1g [ L20 [ Lat ] IR I Lo [ Lat }
RESET:
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

The IRQPEND is a read-only status register that reflects the state of the 32 interrupt levels.
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IRQAND — Enabled Active Interrupt Requests Register 0x8007 EFA4

o] 1 2 3 4 5 6 7 8 9 10 11 12 i3 14 15
['Lo[u!L2]Le.‘L:z[leleulLa|LgIuolm[uzlua]m]usﬂJ

RESET-
0 0 0 0 0 0 9 0 0 0 0 0 0 0 0 0
% 17 18 9 20 20 2 2B 24 % 2% 2 2 29 3 3

["_uré' I Li7 l Li8 | L19 | 20 [ L21 l 22 [ L23 [ 24 I L25 l 126 ] 127 \ L28 | L29 ] L30 | L31 |

T REET. '

0 0 0 0 0 0 0 9 0 0 0 0 0 0 0 0

IRQAND is a read-only status register that is defined by the foliowing equation:
IRQAND = IRQPEND & IRQENABLE

where & is a bitwise operation.

IRQENABLE — Interrupt Enable Register 0x8007 EFAS8
0 1 2 3 4 5 6 7 8 g 10 11 12 13 14 15

{ Lo l L1 { 2 l L3 ] (4 | L5 I 6 ‘ 7 ] L8 | L9 [uo I L1t ] L12 [ L13 [ Li4 l “57
RESET:
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

w 7w 8 19 20 2 2 23 24 25 % 2 28 2 3% 3
lus‘m‘ueluglmlm[L22|L23|L24IL25[L26[L27|L28]L29‘|_30[L31'
RESET:

0 0 0 Q 0 0 0 0 0 0 0 0 ¢ 0 [ 0

IRQENABLE is a read/write register. The bits in this register are affected only by writes from the CPU
(or other bus master) and by reset.

PITQIL — PIT/Port Q Interrupt Levels Register 0x8007 EFAC
0 . 2 3 4 5 6 7 8 s 10 1 12 1 14 1
L | IR0 LEVEL JRQT LEVEL IRCZ LEVEL
RESET.
0 0 0 0 0 0 0 0 0 0 0 0 0 0 9 0
% 17 18 19 2 21 2 23 24 5 2% o 2 29 a0 3
| RESERVED PIT IR LEVEL j
RESET
9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Nole: bits 17 through 26 can be written to but have no sffect.

This register is used to assign the interrupt request ievel of the periodic interrupt timer (P1T) and of the
IRQ[0:2] interrupt request pins. The remaining interrupt request pins have fixed vatues. IRQ3 always
generates a leve! 6 interrupt request; IRQ4 generates a level 8 interrupt request; IRQ5 generates a level
16 interrupt request; and IRQ6 always generates a level 12 interrupt request.

e ———————————————,—,—— . ]
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6.5 Port Q

When not used as interrupt inputs, the IRQ[0:6)/PQ[0:6] pins can be used for digital 1/O. The following
registers control port Q operation:

* Port Q Pin Assignment Register (PQPAR) — allows the user to configure each pin as a digital
input, digital cutput, edge- or level-sensitive interrupt request to the CPU, or edge- or level-sensi-
tive interrupt request to the interrupt controller,

* Port Q Edge Detect/Data Register (PQEDGDAT) — contains the following fields:

— Port Q Data Field (PQ[0:6]) — Monitors ar controls the state of port Q pins, depending on the
encoding for each pinin the PQPAR.

— Port Q Edge-Detect Status Field (PQE[0:6]) — Monitors when the proper transition occurs on
a port Q or interrupt request pin.

PQEDGDAT — Port Q Edge Detect/Data Register 0x8007 EFDO

0 1 2 3 4 5 ] 7 B g 10 1 12 13 14 15
I POED | PGE| | PQE2 ] PGE3 ’ PQEA ’ PQES ] POES] o | Pao I PQ1 ] PG2 l PQ3 ’ ) | PQS l PO ] 0 }
1 —_

RESET:
U U 0 0 0 0 0 0 U u 0 0 0 0 0 0

U = Unalfected by reset

16 17 18 19 2 21 22 23 24 2% 2% 728 2P 31
L RESERVED —[
RESET:
9 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Port Q edge status (PQE) bits indicate when the proper transition has occurred on a port Q pin. Each
pin can be configured as an interrupt input or as general-purpose I/0. If the pin is configured in the PQ-
PAR as an edge-sensitive interrupt request pin, then the PQE bit acts as a status bit that indicates
whether the corresponding interrupt request line is asserted. The bit also acts as a status bit if the pins
are configured as general-purpose inputs or outputs. When the pin is configured in edge-detect mode,
the status bit is cleared by reading the bit as a one and then writing it to zero. In level-sensitive mode,
the bit remains cleared.

A write 1o the port Q data register is stored in the internal data latch, and if any PQ bit is configured as
an output, the value latched for that bit is driven onto the pin. A read of this port returns the value at the
pin only if the pin is configured as a discrete input. Otherwise, the value read is the value stored in the
internal data latch. The port Q data register can be read or written at any time.

PQPAR — Port Q Pin Assignment Register 0x8007 EFD4
0 ! 2 3 4 5 6 7 B 9 01 12 13 1w 15
L POPAC I PQEDGEC PQPA! PQEDGE PQPA2 PQEDGE2 PQPA PQEDGE3
RESET
0 0 0 0 0 0 0 9 0 0 0 0 0 0 0 9
w17 w8 19 20 21 2 2 2 2% 26 27 28 29 3% 3
‘ PGPA4 PQEDGE4 PAPAS PQEDGES PAPAG PQEDGES RESERVED
RESET o k
0 0 0 0 o w0 0 0 0 0 0 0 0 0 0
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The PQPA fields select the basic function of each port Q pin, as shown in Table 77

Table 77 Port Q Pin Assignments

A . . iy
Cglze Pin Function PORTQ (Port Q Data Field) Interrupt Request Source

00 General-Purpose Input A ree.ld returns the state of the pin. | None
A write has no effect.
A read returns the value in the None

01 General-Purpose Ouput | latch. A write drives the value in the
latch onte the pin.

- A read returns the state of the pin. | From pin if PQEDG field is set 1o
10 IRQ) to CPU A write has no effect

“Level”. otherwise from port Q
edge detect logic

"

IR to Interrupt Controller

A read returns the state of the pin.
A wiite has no effect.

From pin if PQEDG field is set to
“Level’. otherwise from port Q
edge detect logic

MOTOROLA
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The PQEDGE fields select whether the portfinterrupt pin is edge sensitive or level sensitive. When the
selected transition occurs on a port Q pin, a corresponding status bit is set in the PQREDGDAT register.

Table 78 Port G Edge Select Field Encoding

PQEDGE Edge Select PORTQE (Por_’t Q
Value Edge Detect Field)
00 Level sensitive Returns zero when read
01 Falling-edge sensitive Set on rising edge
10 Rising-edge sensitive Set on falling edge
11 Either-edge sensitive Set on either edge

MPC505
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7 Static RAM Module

The static RAM (SRAM) module consists of a 4-Kbyte black of static RAM. The primary function of this
module is to serve as fast {one-cycle access), general-purpose RAM for the MCU. The SRAM can be
read or written as either bytes, half-words or words.

The bus interface and control logic for the SRAM module are powered by Vpp. A separate pin,
VDDKAPZ, supplies power to the memory arrays. It main power is shut off, VODKAP2 can be main-
tained in order to retain the data in the SRAM array. When the main power is off, access to the SRAM
array is blocked.

7.1 Features

* Fast, Cne-Cycle Access
* Low-Power Mode
— Two-Cycle Access
— Pipelined for Back-to-Back Accesses
* Programmable Attributes (Supervisor Only, Data Only, Read Only)

7.2 Placement of SRAM in Memory Map
The SRAM module consists of two separately addressable sections. The first is the array itself. The sec-
ond section is a set of registers used for configuration and testing of the SRAM array.

The SRAM array is assigned to one of four locations in the MCU address map by programming the
LMEMBAGSE field in the SIU internal memory mapping register (MEMMAP). Table 79 indicates the lo-
cation of the SRAM array for each value of LMEMBASE.

Table 79 MPC505 SRAM Module Addresses

LMEMBASE SRAM Location
00 0x0000 0000 - 0x0000 OFFC
01 0x000F FOOO — O0x000F FFFC
10 0xFFFO 0000 - OxFFFO OFFC
1 OxFFFF FOOQ — OXFFFF FFFC

Refer to 5.2 SIU Module Configuration for a diagram of the MEMMAP register,

Figure 15 a memory map of the MPC505, shows the possible locations of the SRAM array.

e ———————,————— .
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VECTOR TABLE LOCATION —— 0x0000 0000

(P BIT = 0} POSSIBLE SRAM
LOCATION
~ (4KBYTES) 0X0000 OFFC
EXTERNAL
C eeciny 0xC00F FODO
POSSIBLE SRAM
ONE OF FOUR POSSIBLE LOCATIONS . . | OE(S)C ATICS)N
SELECTED FOR SRAM
| (AKBYTES) | 0,000F FFFC
EXTERNAL
OX8000 D000
EXTERNALRESERVED
OX8007 E000
PERIPHERAL
CONTROL UNIT
(Pcu) 0x8007 EFFC
0x8007 F000
CONTROL REGISTERS
0x8007 FFFC
EXTERNAL
VECTOR TABLE LOCATION
IPBIT= 1} POSSIBLE SRAM 0xFFFO0 0000
LOCATION
(4 KBYTES) 0xFFFQ OFFC
EXTERNAL
POSSIBLE SRAM OxFFFF FOOO
LOCATION
(4 KBYTES) OXFFFF FFFC

MPC505 ADDRESS MAP
Figure 15 Placement of Internal SRAM in Memory Map

7.3 SRAM Module Registers

The control block for the SRAM module contains one control register far configuring the array and one
control register for use in testing.

e ———————
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SRAMMCR — SRAM Module Configuration Register 0x8007 FOO0O0

0 1 2 3 4 5 3] 7 8 9 10 1 12 13 14 15
k [ LCK ' oIS ‘ 20Y I RESEAVED : 71
RESET. '
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ¢
B 7w 19 W 2 @ 2 24 2 2% 2 2w 29 3% 3
RESERVED l i | 50 |  RESERVED o J
RESET: h '
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Each SRAM module configuration register contains bits for setting access rights to the array. Table 80
provides definitions for the bits.

Table B0 SRAMMCR Bit Settings

Bit(s) Name Description

o] LCK Lock bit
0 = Writes to the SRAMMCR are accepted.
1 = Writes to the SRAMMCR are ignored.,

1 DIS Module disable

0 = SRAM module is enabled.

1 = SRAM module is disabled. Medule can be subsequently re-enabled by software
setling this bit or by reset. Attempts to read SRAM array when it is disabled result
in internal TEA assertion.

2 2CY Two-cycle mode

0 = SRAM module is in single-cycle mode (normal operaticn).

1= SRAM module is in two-cycle mode. In this mode, the first cycle is used for decoding
the address, and the second cycle is used for accepting or providing data. This
mode provides some power savings while keeping the memory active.

319 — Reserved

20 RO Read only

0 = 4-Kbyte block is readable and writable.

1 = 4-Kbyte block is read only. Attempts lo write to this space result in internal TEA as-
sertion.

21 Do Data only

0 = 4-Kbyte block can contain data or instructions.

1 = 4-Kbyte block contains data only. Attempts to load instructions from this space re-
sult in ifternai TEA assertion.

22 S0 Supervisor only

0 = 4-Kbyte block is placed in unrestricted space.

1 = 4-Kbyte block is placed in supervisor space. Atternpls to access this space from the
user privilege level result in internal TEA assertion.

23:31 — Reserved

SRAMTST — SRAM Test Register 0x8007F004, 0x8007F044
The SRAM test registers are used for factory testing only.

)
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8 Development Support
Development tools are used by a microcomputer system developer to debug the hardware and software
of a target system. These tools are used to give the developer some control over the execution of the
target program and to allow the user to debug the program by cbserving its execution. In-circuit emula-
tors, bus state analyzers, and software monitors are the most frequently used debugging tools. This
chip supports devetopment and development tools by inciuding internal breakpoint comparators. inter-
nal bus visibility, program flow tracking, and a development port.

8.1 Breakpoint Features

* Four instruction address bus (l-address), two load/store address bus {L-address) and two load/
store data bus (L-data) magnitude comparators.

* L-data comparators operate on either signed cr unsigned numbers and on byte, half word, and
word operands.

= Comparator pairs can detect in-range and out-of-range conditions.

* Programmable AND-OR logic on comparator outputs generates six watchpoints.

» Two 16-bit counters are available to condition selected watchpoints.

= Breakpoints can be generated from watchpoints using dynamically controllable trap enables.

= | -address and L-data watchpoints and breakpoints are detected during the load/store bus cycles
and are handled and reported when the instruction retires.

* Instructions that cause L-address and L-data breakpoinis are executed before the processor
branches to the breakpoint exception handler or debug mode.

« |l-address watchpoints are detected during instruction fetch and are reported on instruction retire-
ment.

* |Instructions that cause |-address breakpoints are not executed before the processor branches to
the breakpoint exception handler or debug mode.

* An external breakpoint may be entered using the development port or by any peripheral.

* Breakpoints can be used by an in-circuit emulator and bus analyzer or by a software monitor.

8.2 internal Bus Visibility Features

» Visibility aptions for internal fetch cycles:
— Show all internal fetch cycles (default at reset),
-— Show only infernal change of program flow destination cycles.
-— Show only internal indirect change of program How destination cycles.
— Disable visibility of internal fetch cycles.

= Visibility options for internal L-bus (Icad/store) cycles:
— Show afl internal L-bus cycles (default at reset).
— Show only internal write L-bus cycles.
— Disable the visibility of internal L-bus cycles.

8.3 Program Flow Tracking Features

* Exact program trace can be obtained with virtually no decrease in performance.
* Instruction execution tracking output signals:
— Flag all change of flow instructions and exceptions.
— Flag whether branches are taken or not taken.
— Ailow tracking of which instructions have retired and which have been flushed from the pipe-
line.
— Allow the history buffer and instruction queue to be tracked by indicating how many instructions
are flushed from the instruction queue or the history buffer each clock cycle,
« VSYNC control input causes processor synchronization and automatically enables internal indi-
rect change of program flow destination show cycles.

e
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8.4 Debug Modes

» Haraware debug mode supports debugging with an in-circuit emulator.
— All development support features are protected for use by an in-circuit emulator.
— Instructions are shifted in and data is shifted in and out through the development port m this
mode.

» Software debug mode supports debugging with a software monitor.

— All development support features are protected for use by an exception handler (i.e., a soft-
ware monitor program).

= Internal FREEZE signal may be used to stop operation of selected functions (such as timers) while
the processor is in either debug mode.

* Entry into software or hardware debug mode is controlled by the debug enable register. Any inter-
rupt (including breakpoints) can be enabled to enter debug mode instead of taking the normal ex-
ception.

* Hardware debug mode is enabled at reset.

8.5 Development Port Features

* Allows external development system full control over the CPU during debug without using regular
bus pins and without placing restrictions on user software. This allows users to debug their target
systems without making major changes to target system design.

* Supports communications using a three-pin serial interface for both software debug mode and
hardware debug mode.

* Allows dynamic input of breakpoint trap enable bits, external breakpoints, and the VSYNC control
in either debug mode.

* Development port pins are used at reset to select the debug mode and to configure the develop-
ment port.

= Supports both asynchronous and synchronous serial transmissions.

8.6 Development Port and Debug Mode Configuration
Development support configuration options are shown in Table 81,

Table 81 Development Port and Debug Mode Configuration

Configuration Option Select By

Enable hardware debug mode Crive DSCK pin high while RESETOUT is asserted {low)’

Enter software debug mode Drive DSCK pin low while RESETOUT is asserted (low)

Enable internal clock mode (uses CLKOUT sig- | Drive DSDI pin high for first 16 clocks after RESETOUT

nal to clock serial transmissions) is negated

Enable external clock mode (uses DSCK pinto | Drive DSDI pin low for first 16 clocks after RESETOUT is

clock serial transmissions) negated

Force debug mode entry following reset Drive DSCK pin high for first 18 clocks after
RESETOUT is negated

Start normal execution following reset Drive DSCK pin low for first 16 clocks after RESETOUT
is negated

NOTES:
1. If DSCK continues to be asserled following reset (aller debug mode is enabled), the processar takes
a breakpaint exception and enters debug mode after fetching (but not executing) the reset vector.

8.7 Signal Descriptions
Table 82 describes the signals that are used for development support.

e —————————————————,—
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Table 82 Development Support Signal Descriptions

Mnemonic 7 Pin Name Description :
i DSCK Development Serial Clock Used to clock datq being shifted into and out of the develop-
i ment pon shift register.
DSDI Development Serial Dala in De.velop.mem serlgl dgla is shifted into the development port
shift register on this pin.
DSDO Development Serial Dala Out Deyelop_ment sen;l dgta is shifted out of the development port
shift register on this pin.
VFLS[0:1] History Buffer Flush Status Denotes how many instructions are flushed from the history
buffer during current clock cycle.
VFI0:2] Instruction Queue Status Denot.es the type of the last fetchgd |nstrgct|on or how many in-
structions were flushed from the instruction queue.
. . . Watchpoint output pins: four for I-bus watchpoints (WP[0:3])
WRIO:5] Watchpoint [0:5] and two for L-bus watchpoints (WP[4:5)).

8.8 Programming Model

Table 83 lists the registers used for development support. The registers are accessed with the mtspr
and mfspr instructions.

Table 83 Development Support Programming Model

S?[)Regi;";?)er Mnemonic Name
144 CMPA Comparator A Value Register
145 CMPB Comparator B Value Register
146 CMPC Comparator C Value Register
147 CMPD Comparator D Value Regisler
148 ICR Interrupt Cause Register
149 DER Debug Enable Register
150 COUNTA Breakpoint Counter A Value and Control Register
151 COUNTB Breakpoint Counter B Value and Control Register
152 CMPE Comparator E Value Register
1 153 CMPF Comparator F Value Register
154 CMPG Comparator G Value Register
155 CMPH Comparalot H Value Register
156 LCTRL1 L-Bus Suppon Control Register 1
{ 157 LCTRL2 L-Bus Support Control Register 2
158 ICTRL I-Bus Support Control Register
159 BAR Breakpoini Address Register
‘ 630 DPDR Development Port Data Register
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9 IEEE 1149.1-Compliant Interface
The MPC505 boundary-scan interface is a fully-compliant implementation of the IEEE 11491 standard.
This seclion describes the MPC505 IEEE 1149.1 Joint Test Action Group (JTAG) interface.

The MPC505 has five dedicated JTAG pins, which are described in Table 84. The TD! and TDO scan
ports are used to scan instructions as well as data into the various scan registers for JTAG operations.
The scan operation is contrclled by the test access port (TAP) controller, which in turn is controlled by
the TMS input sequence.

Table 84 JTAG Interface Pin Descriptions

- - e ———
Signal Name Input/Qutput Pullup/Pulldown | IEEE 1149.1 Function
Provided i
TOI Input Pullup Serial scan input pin. Sampled on the rising edge of TCK.
Serial scan output pin. Actively driven during the Shift-1R
00 Cuiput No and Shift-DR controller states. Changes on the falling edge
of TCK.
TAP controller mede pin. Sampled on the rising edge of
TS nput Pullup TCK to seguence the test controller's state machine.
TCK Input Pulldown Scan clock.
TAP centroller asynchronous reset. Provides initialization
TRST Input Puilup of the TAP controller and other logic as required by the
standard.

9.1 TAP Controller

TRST is a JTAG optional pin that is used to reset the TAP controller asynchronously. The TRST pin
ensures that the JTAG logic does not interfere with the normal operation of the chip.

The TAP controller changes state either on the rising edge of TCK or when TRST is asserted.

The TDO signal remains in a high-impedance state except during the Shift-DR or Shift-IR controller
states. During these controller states, TDC is updated on the falling edge of TCK.

The TAP controller states are designed as specified in the |IEEE 1149.1 standard.

9.2 Instruction Register

The MPC505 implementation of IEEE 1149.1 interface includes the three mandatory public instructions
(BYPASS, SAMPLE/PRELOAD, and EXTEST) and five public instructions (CLAMP, HIGHZ,
EXTEST_PULLUP, TMSCAN, and IDCODE). The MPC505 contains a four-bit instruction register with-
out parity consisting of a shift register with four parallel outputs. Data is transferred from the shift register
to the parallel outputs during Update-!R contreller state. The four bits are used to decode eight unique
instructions as shown in Table 85.
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Table 85 Instruction Register Encoding

Code X
—= B3 B2 B1 B0 tnstruction
1 1 1 1 ' BYPASS
1 1 1 0 SAMPLE/PRELOAD
1 1 0 1 ' IDCODE
1 1| o 0 | TMSCAN
1 0 X X " BYPASS
0 1 X x BYPASS T
0 0 1 1 CLAMP
0 0 1 0 HIGHZ
0 0 0 1 © EXTEST_PULLUP
0 0 0 0 EXTEST i

L —,—ee————— ]
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Information in this document is provided solely to erable system and soltware imptementers 10 use PowerPC microprocessors. There are no express or implied
copyright licenses granted hereunder to design or fabricate PowerPC integrated circuits or integrated circuits based on the information in this document.

Matorola reserves the right to make changes without further notice te any products herein. Moterola makes no warranly, representation or guarantes regarding 7
the suitability of its products for any particular purpose, nor does Molerola assume any liability arising out of the application or use of any product or circuit, and
specifically disclaims any and all liability, including without kmitation consequential or incidental damages. "Typical” parameters can and do vary in different
applications. All operating parameters, including “Typicals” must be validated for each customer application by customer's lechnical experts. Motorola does not
convey any license under its patent rights nor the rights of others. Motorola products are not designed. intended. or authorized for use as components in
systerns intended for surgical impiant into the body, or other applications intended to support or sustain life, or for any other appfication in which the tailure of
the Motorola product could create a situation where personal injury or death may occur. Should Buyer purchase or use Motorola products for any such
unintended or unauthorized application, Buyer shall indemnify and hold Moterola and its officers, employees, subsidiaries, affiliales, and distributors harmless
against all claims, costs, damages, and expenses, and reasonable attorney fees arising out of, directly or indirectly, any claim of personal injury or death
associated with such unintended or unauthorized use, even if such clatm alleges that Motorola was negligent regarding the design or manufacture of the pan
Motorola and ‘M) are registered trademarks of Molorola, Ine. Motorola, Inc. is an Egual Opportunity/Aifirmative Action Employer,

How to reach us:

USA/EUROPE: Motorola Literature Distribution;

P.0O. Box 20912; Phoenix, Arizona 85036. 1-800-441-2447

MFAX: RMFAX0@ email.sps.mat.com - TOUCHTONE (602) 244-6609

INTERNET: http:#/Design-NET.com

JAPAN: Nippon Motorola Ltd.; Tatsumi-SPD-JLDC, Toshikatsu Otsuki,

6F Seibu-Butsuryu-Center, 3-14-2 Tatsumi Koto-Ku, Tokyo 135, Japan 03-3521-8315
HONG KONG: Motorota Semiconductors H.K. Ltd.; 8B Tai Ping Industrial Park,

51 Ting Kok Road, Tai Po, N.T., Hong Kong. 852-26623298
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