







































































1.5 Pin Function Descriptions

Table 1.4 Pin Description (4/4)

Name Symbol IN/OUT Function

Chip Selector CcS IN The pin for demanding access to the on-chip
DRAM from the outside with M32R in the hold state
If “L" is asserted, the M32R accesses the on-chip
DRAM with the address input from the address pin.

External Interrupt INT IN The pin for inputting an external interrupt

Master/Slave M/S IN The pin to set the M32R default operation on the
system bus to bus master or the bus slave.
If set to bus slave, the M32R will not assert vector
fetch when reset is cleared.

Programmable Port PPO,PP1 INOUT A 2-bit programmable I/O port

Power, Ground VCC, VSS IN The power pins and ground pins of the M32R

power supply.
Connect all multiple VCC and VSS pins to the
power supply and ground.

1 Overview 13



1.6 Address Space

1.6 Address Space

1.6.1 Logical Address and Physical Address

The logical address is always handled at 32 bit width and has a 4Gbyte linear

space. This address space is divided into two spaces by the most significant bit
(Space Identifier SID) of the logical address.

In the M32R, SID and the low order 24 bits actually become effective relative to
the 32-bit logical address.

0
Logical Address §m

Physical Address
SID A8 A30

Bit 31 corresponds
to the BCH and BCL
signals.

Figure 1.3 Logical Address and Physical Address

1.6.2 User Space (SID=0)

SID = 0 (H'00000000 - H'7FFFFFF) is the user space. The usable space is the
16M bytes of the H'00000000 - H'00FFFFFF address.

® On-chip DRAM Space : 2Mbytes of address (H'00000000 - H'001FFFFF) is the
on-chip DRAM space. Of this, the H'00000000 -

H'00000047 addresses are used as the EIT vector
area.

® External Space : 14Mbytes of address (H'00200000 - H'FFFFFFF) is the
external space. Outputs signals are required for
accessing external devices. The last 16-byte area
(H'FFFFFFFO - H'FFFFFFFF) is used as the EIT vector
area (reset vector entry).
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1.6 Address Space

1.6.3 /O Space (SID=1)

SID = 1 (H'80000000 - H'FFFFFFFF) is the I/O space. Of this, the usable space is
16Mbytes of address (H'FFO00000 - H'FFFFFFFF). There is no caching of the I/O
space regardless of the Cache Mode.

® |/O Space for User The 8Mbytes of the H'FFO00000 - H'FF7FFFFF
addresses is the /O space for user. Outputs signals
are necessary for accessing external devices.

® |/O Space for ICE The 4Mbytes of the H'FF800000 - H'FFBFFFFF
address is the system space. This is used
development tools for in-circuit emulators and
debugging monitors. To assure operation as a
development tool, these addresses must not be used.

® |/O Space forinternal 1/0 Regis ters
The 4Mbytes of the H'FFC00000 - H'FFFFFFFF
addresses is the /O space for internal. Registers for
the on-chip memory and I/O ports are located here.

1.6.4 Memory Mapping

Figure 1.4 shows the memory mapping of the M32R. Figure 1.5 shows the
mapping of EIT vectors and internal I/O registers.
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1.6 Address Space

Logical Space

Logical
Address

0000 0000

8000 0000

FFFF FFFF

User
{SID=0)

Space

EIT Vector
(RESET)

110 Space
(SID=1)

Physical
Space

Logical
Address
00000000
0020 0000}
External space
N (14M-byte)
AN
Y
AN
N .
\\ EIT Vector
\ (RESET)
00FF FFFH Y
FF00 0008}
I
/
4 1/0 Space
Fe for User
/ (8M-Byte)
//
FF80 0000
/0O Space
for ICE
(4M-Byte)

Physical
Address
(SID:24-bit
address)

0: 00 0000

0:20 0000

0: FF FFFF

1: 00 0000

1: 80 0000

: C0 0000

: FF FFFF

Figure 1.4 Mapping of Memory
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1.6 Address Space

Logical
Address
0000 0000
0000 0004
0000 0008
0000 000C
0000 0010
0000 0014
0000 0018
0000 001C
0000 0020
0000 0024
0000 0028
0000 002C
0000 0030
0000 0034
0000 0038
0000 003C
0000 0040
0000 0044

7FFF FFFO
7FFF FFF4

7FFF FFF8 |

7FFF FFFC

FFCO0 0000

FFFF FFEO
FFFF FFE4
FFFF FFES
FFFF FFEC
FFFF FFFO
FFFF FFFa
FFFF FFF8
FFFF FFFC

EIT Vector Space

Physical

Address
(SID:24-bit

address)

Vector Entry for TRAPO 0:00 0000
Vector Entry for TRAP1 0:00 0004
Vector Entry for TRAP2 0:00 0008
Vector Entry for TRAP3 0:00 000C
Vector Entry for TRAP4  |[0:00 0010
Vector Entry for TRAP5 0:00 0014
Vector Entry for TRAP6 | 0:00 0018
Vector Entry for TRAP7 | 0:00 001C
Vector Entry for TRAP8 0:00 0020
Vector Entry for TRAP9 | 0:00 0024
Vector Entry for TRAP10 | 0:00 0028
Vector Entry for TRAP11_|0:00 002C
Vector Entry for TRAP12 |0:00 0030
Vector Entry for TRAP13 |0:00 0034
Vector Entry for TRAP14 | 0:00 0038
Vector Entry for TRAP15 | 0:00 003C
Vector Entry for AE 0:00 0040
Vector Entry for El 0:00 0044
Reset 0:FF FFFO

Vector 0:FF FFF4

Entry | 0:FF FFF8
0:FF FFFC

Internal I/O Registers

1:C0 0000

Reserved

\PPCRO| 1:FF FFEQ

\PPCR1| 1:FF FFE4

1 PPDRO| 1:FF FFE8

\ PPDR1

1:FF FFEC

1:FF FFFO

1:FF FFF4

1:FF FFF8

b4 cf--}F-q4--

1:FF FFFC

Figure 1.5 Mapping of EIT Vector and Internal /O Register
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2.1 Registers

Programming Model

2.1 Registers

The M32R CPU has 16 general purpose registers, five control registers, an
accumulator and a program counter.

General Registers Program Counter
0 31 0
RO [ PC ]
R1
R2
R3 Control Registers
R4 0 31
R5 CRoO: PSW
R6 CR1:CBR
R7 CR2: SPI
R8 CR3: SPU
R9 CReé: BPC
R10
R11
R12
R13 Accumlator
R14 (Link Register) 0 63
R15 (Stack Pointer) | ACC |

Figure 2.1 M32R Register Set
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2.1 Registers

2.1.1 General Registers RO0-R15

The general purpose register is 32 bits wide with 16 registers (R0-R15) and is
used to hold data and base addresses. R14 is used as a link register and R15 as
a stack pointer (SPI or SPU). The interrupt stack pointer (SPI) and the user stack
pointer (SPU) change over corresponding to the stack mode (SM) bit value of
processor status word (PSW).

21.2 Control Registers

There are five control registers consisting of the processor status word register
(PSW), condition bit register (C), interrupt stack pointer (SPI), user stack pointer
(SPU) and backup PC (BPC). MVTC and MVFC instructions are used for setting
and reading the control register.

2.1.2.1 Processor Status Word Register, PSW (CRO)

The PSW register contains the stack mode (SM), interrupt enable (IE), condition bit
(C), and also the backup stack mode (BSM), backup interrupt enable (BIE), backup
condition bit (BC) for saving the three bits.

0 1617 232425 31
op Blsii c
e clmie

[Bit] Symbol Name and Function

[16] BSM Backup Stack Mode Sets value of SM bit when EIT occurs
[17] BIE Backup Interrupt Enable Sets value of IE bit when EIT occurs
[23] BC Backup Condition Bit Sets value of C bit when EIT occurs
[24] SM Stack Mode

0 : Use the interrupt stack pointer
1 : Use the user stack pointer
[25] IE Interrupt Enable
0 : Does not accept interrupt
1 : Accepts interrupt .
[381] C Condition Bit Indicates carry, borrow and overflow of operation
results corresponding to the instructions
All other bits 0 (fixed)
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2.1 Registers

2.1.2.2 Condition Bit Register, CBR (CR1)

The C bit from PSW is contained in CBR, a separate register. The values of the
C bit of PSW will be reflected in the CBR register. Read only is possible of this
register. - Attempts to write to CBR with MVTC instructions will be ignored.

2.1.2.3 Interrupt Stack Pointer, SPI (CR2)
User Stack Pointer, SPU. (CR3)

The SPI and SPU can be accessed as general purpose register R15. Use of SPI
or SPU will be determined by the SM bit of PSW.

0 3

SPi

SPU

2.1.2.4 Backup PC, BPC (CR6)

BPC is the register which contains the PC value when EIT occurs. Bit 31 will be
fixed at 0.

31

BPC 0
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2.1 Registers

2.1.3 Accumulator, ACC

ACC is a 64-bit register used for DSP functions (refer to 2.4.5).

Use the MVTACHI and MVTACLO instructions for setting the accumulator. The
high order 32 bits (bits 0-31) can be set with the MVTACHI instruction and the low
order 32 bits (bits 32-63) can be set with the MVTACLO instruction.

Use the MVFACHI, MVFACLO and MVFACMI instructions for read operations.
The high order 32 bits (bits 0-31) are read with the MVFACHI instruction, the low
order 32 bits (bits 32-63) with the MVFACLO instruction and the middle 32 bits
(bits 16-47) with the MVFACMI instruction.

Also, since the accumulator is also being used to execute the MUL instruction,
care will be required as its value will be indeterminate at this time.

0 78 16 32 48 63
I
Sign-extendqd Read range with the
< ® &———————— MVFACMI instruction ——————"
1
<¢———— Read/Write range with the > Read/Write range with the ——————p
MVTACHI or MVFACHI ) MVTACLO or MVFACLO
instruction instruction

Figure 2.2 Accumulator

The sign-extended code value of bit 8 will always be read for bits 0 to 7. A write
operation in this section will be ignored.

2.1.4 Program Counter, PC

PC is a 32-bit counter that holds the address of the instruction being executed.
Since M32R instructions commence with even-numbered addresses, the LSB (Bit
31) becomes 0.
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2.2 Data Format

2.2 Data Formats

2.2.1 Data Types

Signed and unsigned integers of bytes (8-bit), halfwords (16-bit), and words (32-bit)
are supported as data in the M32R instruction set. A signed integer is
represented in a 2's complement format.

0 7
Signed Byte (8-bit) Integer H:z
0 7

Unsigned Byte (8-bit) Integer E:]

15

0
Signed Halfword (16-bit) Integer H |

0 15

Unsigned Halfword (16-bit) Integer I l

0 31

Signed Word (32-bit) Integer H l

0 31
Unsigned Word (32-bit) Integer I |
S : Sign Bit

Figure 2.3 Data Type
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2.2 Data Format

2.2.2 Data Format in a Register

Data size in a register is always a full word (32 bits). A byte (8 bits) and halfword
(16 bits) data of the memory are sign-extended to a 32 bit code or zero-extended
and loaded into the register.

0 31

2.2.3 Data Format in The Memory

The data in the memory consist of the three types : byte (8 bits), halfword (16
bits) or word (32 bits).

Although the byte data can be located in any address, the halfword data and word
data are located on the halfword boundary and word boundary respectively. If an
attempt is made to access memory data not on the boundary, an address
exception will occur.

1byte address ascending —
e
0 70 70 70 7

Byte Data N+2 | N+3 I
Halfword Data N-1 N+2
Word Data N-1

Figure 2.4 Bytes, halfwords, and words in memory (When address N is specified)
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2.3 Addressing Modes

2.3 Addressing Modes

The addressing mode is the mode in which the M32R instructions specify data to
be processed. The descriptive operands are determined by the addressing mode.
The descriptive operands are shown in square brackets ([ ]) with * Rn" meaning a
general register, "CRn" a control register, "disp" displacement and " n " the number
of bits. The M32R supports the following addressing modes :

® Register direct [Rn or CRn]
The specified register value becomes the effective data.
Furthermore, the control register can only be specified
by the MVTC instruction or the MVFC instruction.

® Register indirect [@Rn]
Data stored in the memory location indicated by the
specified register value becomes the effective data.
This mode can be used by all load/store instructions.

® Register relative indirect [@(disp16, Rn)]
Data stored in the memory location indicated by the
address from the following computation becomes the
data :
(register value) + better to break line here
(32-bit sign-extended value of 16-bit integer)

® Register indirect + Register update
There are 3 types as follows :

1. [@Rn+] Data stored in the memory ocation
indicated by the specified register before updating is
the data.

After referencing the register, 4 will be added to the
register value. This mode can be used with the
load instructions.

2. [@+Rn] Data stored in the memory location
indicated by the specified register after updating
becomes the data.

Before referencing the register, 4 will be added to
the register value. This mode can be used with the
store instructions.

3. [@-Rn] Data stored in the memory location
indicated by the specified register after updating
becomes the data.
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2.3 Addressing Modes 2.4 Instruction Formats

2.4

Before referencing the register, 4 will be deducted
from the register value.

® Immediate [immn] The effective data is the 32-bit sign-extended or zero-
extended value of n-bit immediate value.

® PC relative indirect [disp n]
The effective data is in the location (address) as
follows :
(PC value) + (2bit left-shifted value with a 32-bit sign
extended n-bit immediate value)

Instruction Formats

There are two major instruction formats : two 16-bit instructions packed together in
a word, and a single 32-bit instruction.

[16-bit length instruction (A) |16-bit length instruction(B) |

| 32-bit length instruction |

The most significant bit of a 32-bit instruction is always 1.

" The most significant bit of a 16-bit instruction placed the upper halfword (i.e. the

instruction (A) in the above figure), is always 0.

The most significant bit of the 16-bit instruction in the lower halfword (B) indicates
execution sequence of the instructions. If it is 0, the instructions (A) and (B) are
executed sequentially; (B) is executed after (A). If the most significant bit of the
instruction (B) is 1, the instructions (A) and (B) are executed in parallel.

[0] (A) [0] (B) | Sequential execution (4) -> (B)
[0 (A) [ 1] (B) | Parallel execution (A) and (B)
[1] 32-bit length instruction I

While any instruction which can be placed in (A) can also be placed in (B) for
sequential execution, the current implementation allows only the instruction, NOP,
as the instruction (B) for parallel execution. The code is as follows :

[0] (A) | 1111 | 0000 | 0000 | 0000 | Parallel execution (A)and NOP
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2.4 Instruction Formats

In Appendix A, Detail Description of Instructions, a 16-bit instruction encoding is
shown as it is placed in (A); the most significant bit is 0.

The instruction encoding is as follows :

e 16-bit instruction :

[opt | Rt [ op2 [ R2 | R1=R1opR2

[ opt | R1 | c | Ri=Riopc

| op1 | cond | c |  Branch (short displacement)

e 32-bit instruction :

{opt"| Rt | op2 | R2 | c | R1=R2opc

[ opt | Rt | op2 | R2 | c | Compare and Branch
| opt | Rt | c | R1=Rlopec

| opt | cond | c | Branch
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2.5 Instruction Set

2.5 Instruction Set

2.5.1 Load/Store Instructions
The load/store instructions carry out data transfers between the register and
memory.
The load/store instructions are listed in Table 2.1.
Table 2.1 Load/Store instructions
Instruction Function
LDB Load byte
LDUB Load byte unsigned
LDH Load halfword
LDUH Load halfword unsigned
LD Load
LOCK Load locked
STB Store byte
STH Store halfword
ST Store
UNLOCK Store unlocked
The are there types of Addressing modes (Refer to section 2.3 for details on the
addressing modes) :
® Register indirect Can be specified by all load/store instructions
® Register relative indirect
Can be specified by instructions other than LOCK,
UNLOCK
® Register indirect + Register update
@Rn+ can be specified with LD, LDB, LDUB, LDH, or
LDUH
@+Rn can be specified with ST, STB, or STH
@-Rn can be specified with ST, STB, or STH
For access size, 3 data types, single byte(8bits), halfword(16bits), and word(32bits)
can be used. The data position in the memory specified by access size and the
low order 2 bits of the address, is as shown in Figure 2.5.
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2.5 Instruction Set

Access Low Order

Size  2Bits in 1byte address ascending ¥
Address 70 70 70 7
Byte 00 N+2 N+3
01 N+2 N+3
10 N+3
11
Halfword 00
10
Word 00

Figure 2.5 Data Position in Memory

When accessing halfword and word size data, it is necessary to specify the
address including halfword alignment or word alignment. In other words, halfword
size must be such that the low order 2 bits of the address be 00 or 10, and word
size be such that the low order 2 bits of the address be 00. If an unaligned
address is specified, address exception will occur.

When accessing byte data or halfword data with load instructions, it is stored as
32 bit data with high order bits sign-extended or zero-extended.

2.5.2 Arithmetic Instructions

The arithmetic instructions carry out transfer, comparison, arithmetic operation,
logic operation, multiply and divide and shift operation between registers or
immediate values to a register.

The arithmetic instructions are listed Table 2.2.
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2.5 Instruction Set

Table 2.2 Arithmetic Instructions (1/2)

Group Instruction Function
Transfer LDI Load immediate

LD24 Load 24-bit immediate

SETH Set high-order 16-bit

MV Move register

MVFC Move from control register

MVTC Move to control register
Compare CMP Compare

CMPI Compare immediate

CMPU Compare unsigned

CMPUI Compare unsigned immediate
Arithmetic operation

ADD Add

ADD3 Add 3-operand

ADDV Add (with overflow checking)

ADDV3 Add 3-operand

ADDI Add immediate

ADDX Add with carry

SuB Subtract

SUBV Subtract (with overflow checking)

SUBX Subtract with borrow

NEG Negate

MUL Multiply

DIV Divide

DIVU Divide unsigned

REM Remainder

REMU Remainder unsigned
Logic operation AND AND

AND3 AND 3-operand

OR OR

OR3 OR 3-operand

XOR Exclusive OR

XOR3 Exclusive OR 3-operand

NOT Logical NOT
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2.5 Instruction Set

Table 2.2 Arithmetic Instructions (2/2)

Group Instruction Function

Shift SLL Shift left logical
SLLI Shift left logical immediate
SLL3 shift left logical 3-operand
SRL Shift right logical
SRLI Shift right logical immediate
SRL3 Shift right logical 3-operand
SRA Shift right arithmetic
SRAI Shift right arithmetic immediate
SRA3 Shift right arithmetic 3-operand

2.5.3 Branch Instructions

The branch instructions are used to change program flow.

The branch instructions are listed in Table 2.3.

Table 2.3 Branch instructions

Instruction Function

JMP Jump

Ju Jump and link

BRA Branch

BL Branch and link

BC Branch on C-bit

BNC Branch on not C-bit

BEQ Branch on equal

BNE Branch on not equal

BEQZ Branch on equal zero

BNEZ Branch on not equal zero

BLTZ Branch on less than zero

BGEZ Branch on greater than or equal zero
BLEZ Branch on less than or equal zero
BGTZ Branch on greater than zero

NOP No operation
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2.5 Instruction Set

The only address that can be specified at the branches is a word- aligned
address. For example, branching to B, D and H instruction is not possible as
shown in Figure 2.6.

Address
Branch Instruction —» H'00 A B Y
H'04 o) D +1
H'08 E +2
HoC E +3
Branch Address — H'10 G H +4

A
\)

1 word

Figure 2.6 Branch Address

In the JMP and JL instructions, the register value becomes the branch address.
However, the low-order 2-bit value of the register will be ignored. Other branch
instructions have branch addresses as follows :

(PC value of branch instruction) + (2-bit shifted value with sign-extended
immediate value on the left )

However, the low order 2-bit of the address value becomes 00 when carrying out
addition, For example, when branching to the G instruction in the above diagram,
the immediate value will become 4 for either A or B instruction.

The BRA, BL, BC and BNC instructions can specify immediate of 8-bit or 24-bit
addresses . BEQ, BNE, BEQZ, BNEZ, BLTZ, BGEZ, BLEZ, and BGTZ instructions
can specify an immediate of 16-bit.

Simultaneous with branching of the JL or BL instructions for subroutine calls, the
return address PC value is stored in R14. The low order 2 bits of the address
value stored in R14 (PC value of the branch instruction + 4 ) are always cleared
to zero. For example, both instructions A and B return to instruction C (See
Figure 2.6).
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2.5 Instruction Set

2.5.4 OS-Related Instructions

The OS-related instructions trap and carry out restoration from EIT.

The OS-related instructions are listed in Table 2.4.

Table 2.4 OS-related instructions

Instruction Function
TRAP Trap
RTE Return from EIT

2.5.5 DSP Function Instructions

The DSP function instructions carry out multiplication and sum of the operation of
32 bits X 16 bits and 16 bits X 16 bits. Then also round off data in the
accumulator and carry out transfer of data between the accumulator and general

purpose register.

The DSP function instructions are listed in Table 2.5.

Table 2.5 DSP Function instructions

Instruction

Function

MULHI

Multiply high-order halfwords

MULLO

Multiply low-order halfwords

MULWHI

Multiply word and high-order halfword

MULWLO

Multiply word and low-order halfword

MACHI

Multiply-accumulate high-order halfwords

MACLO

Multiply-accumulate low-order halfwords

MACWHI

Multiply-accumulate word and high-order halfword

MACWLO

Multiply-accumulate word and low-order halfword

RACH

Round accumulator halfword

RAC

Round accumulator

MVFACHI

Move from accumulator high-order word

MVFACLO

Move from accumulator low-order word

MVFACMI

Move from accumulator middle-order word

MVTACHI

Move to accumulator high-order word

MVTACLO

Move to accumulator low-order word
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3.1 About EIT, 3.2 EIT-Related Control Register

Exception,Interrupt,Trap

(EIT)

3.1 About EIT

There are special cases such that an error occurs when executing a program.
The M32R suspends execution of the program and executes a different program.
These special cases are called EIT (Exception, Interrupt, Trap) and consist of the

following :

® Exception

® (nterrupt

® Trap

Exception relates to the program being executed and occurs
when an instruction cannot be executed normally. The
address exception (AE) belongs to this category.

- Address Exception (AE) AE occurs when attemption to
access with an unaligned address
using the load/store instructions.

Interrupt is unrelated to the program being executed and
occurs with the input of an external signal to the M32R. The
reset interrupt (RI) and external interrupt (El) belong to this
category.

* Reset Interrupt (RI) Rl occurs when asserting the
RESET signal.

« External Interrupt (EI) El occurs when asserting the INT
signal.

The software interrupt is generated by the TRAP instruction in
an user program, etc. (e.g. system call for the operating
system).
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3.2 EIT-Related Control Registers

« Trap (TRAP) Trap occurs when the TRAP
instruction is executed.

3.2 EIT-Related Control Registers

3.21 BPC
The BPC register is used to save the PC value when an EIT ocburs. If an EIT is
received, the PC value will be automatically set in the BPC. The BPC value will
be returned to PC by executing the RTE instruction. However, the low-order 2 bits
of the returning PC will become zero regardless of the value of BPC. In other
words, the value of the returned PC will always be on the 32 bit boundary.
0 31
BPC [}
3.22 PSW
The BSM, BIE and BC bits are used for saving the SM, IE and C bits,
respectively. When an EIT is received, the SM, |IE and C bit values are updated
after SM, IE and C bits are automatically copied into the BSM, BIE and BC bits,
respectively.
By executing the RTE instruction, the BSM, BIE and BC bits will automatically be
restored to the SM, |IE and BC bits, respectively.
The SM bit specifies the stack pointer to be used. The interrupt stack pointer
(SPI) will be used when SM=0 and user stack pointer (SPU) will be used when
SM=1.
If an interrupt is accepted, the SM bit will be automatically set to zero and will
specify the stack mode for the interrupt.
The IE bit controls the permitting/forbidding of an interrupt. The interrupt is
accepted when |IE=1 and is forbidden when IE=0. If an EIT is accepted, the IE bit
is automatically set to zero creating an interrupt inhibit state. The C bit is also set
to zero if an EIT is accepted.
0 16 17 232425 31
BB
Bls
Sl el [©
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3.2 EIT-Related Control Registers 3.3 EIT Processing

b BIS|! c

mle cMIE

P —— |

When an interrupt is accepted , SM=0.

EIT accepted @ ———————————O0therwise , SM is unchanged.

Yy v y ; 0

B|B sls|

S} clmle Cc

M|E

RTE executing@
y

2K

Figure 3.1 Saving and Restoring PSW

3.3 EIT Processing

The EIT processing consists of the part being automatically processed by hardware
and the part being processed by a program (EIT handler). The EIT processing is
shown below (except for the case of the reset interrupt) :

EIT occured
- instruction | instruction | EIT accepted 5 instruction | instruction N
A B C D
Saves PC
Sets and updates PSW __@,tore PC and PSW
Vector entry for EIT———— rEIT handler
Branch instruction to the >
E:T han|dler 0 Processes the EIT RTE instruction

Figure 3.2 EIT Processing Image (Except RI)
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3.3 EIT Processing

With the M32R, the processing jumps to the EIT vector after saving PC and PSW
if the EIT is accepted. In the EIT vector, the EIT vector entry of one word (4
words when resetting) is allocated for each EIT and branch instruction by the EIT
handler. Finally, if processing by the EIT handler is completed, reversion from the
EIT processing is possible by executing an RTE instruction.

The following steps are carried out automatically in the M32R.

(1) Before jumping to the EIT vector and after accepting EIT

® Save PC The M32R saves the contents of PC, the return site, in
BPC.

® Save and update PSW
The M32R saves the SM, |E and C bits of PSW in the
BSM, BIE and BC bits, respectively.

The SM bit of PSW is set to zero in the case of
interrupt (RI, El) and becomes the mode in which the
interrupt stack pointer (SPI) is used. The SM bit
changes only in the case of interrupt.

The IE bit of PSW will be set to zero and the interrupt
will be inhibited. The C bit of PSW is set to zero.

® Jump to EIT vector

The M32R jumps to the EIT vector after completing the
saving of PC and PSW.

(2) Reset by RTE instruction in EIT processing

® Restore PSW The values contained the BSM, BIE and BC bits of
PSW are restored respectively in the SM, |IE and C
bits.

BSM unchanged

BIE  unchanged

BC  unchanged

SM  saved value in BSM is restored in SM
IE saved value in BIE is restored in IE
o] saved value in BC is restored in C

® Restore PC The M32R sets the BPC value in PC. The two low
order bits of PC are set to zero. The jump destination
of the RTE instruction always becomes a word
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3.3 EIT Processing

boundary. The BPC value remains unchanged.

3.4 Priority of ElTs

When two or more EITs occur at the same time, a higher priority EIT is accepted
first. The priority of the EITs is summarized in Table 3.1.

Table 3.1 Priority rank of EIT

Priority EIT Instruction Processing is
Highest Reset Interrupt (RI) Abandoned

Address Exception (AE) Canceled

Trap (TRAP) Completed
Lowest External interrupt (El) Completed

3.5 EIT Vector Entry

The EIT vector entries are in the user space (SID=0). Refer to section 1.6,
"Address Space".

0000 0000

Vector entryf for TRAPO  |0000 0000
Vector entry for TRAP1__ |0000 0004

Internal DRAM space Vector entry for TRAR2 _10000 0008
0020 0000 Vector entry for TRAP1S 10000 003C
| 1 Vector entry for AE 0000 0040
W W Vector entry for El 0000 0044
| __|7FFF FFFO
8000 0000 —Vector entry for reset — 7FFF FFF4
- __|7FFF FFF8
7FFF FFFC

T T

FFFF FFFF

Figure 3.3 EIT Vector
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3.6 Detailed Description of each EIT

3.6 Detailed Description of each EIT

3.6.1 Table of each EIT Processing
Table 3.2 EIT Processing
Category [Symbol| Trap | Saved Value Contents of PSW Address of
No. |to BCP ( "-" means "unchanged") EIT Vector
BSM| BIE | BC | SM | IE Entry

Trap TRAP 0 | (PCforthe TRAP | SM IE Cc - 0 H'00000000
1 instruction ) + 4 H'00000004
2 H'00000008
3 H'0000000C
4 H'00000010
5 H'00000014
6 H'00000018
7 H'0000001C
8 H'00000020

9 H'00000024
10 H'00000028
11 H'0000002C
12 H'00000030
13 H'00000034
14 H'00000038
16 H'0000003C
Address Exception| AE PC forthe last AE | SM IE (o] - 0 H'00000040

instruction
External Interrupt El PC for next SM IE (o] (o] 0 H'00000044
instruction

Reset Interrupt RI unfixed unfixed | unfixed | unfixed| O 0 H'7FFFFFFO
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3.6 Detailed Description of each EIT

3.6.2 Reset Interrupt (RI)

e Starting condition

® EIT Processing

Rl is always permitted with the assert of RESET signal.
The reset interrupt is permitted with the highest priority.

» Saving PC
BPC becomes an unspecified value.

» Updating PSW
Each bit of PSW will be updated to the following

values :

Bit Value

BSM unspecified
BIE unspecified
BC unspecified
SM 0

IE 0

] o]

» Jumping to the EIT vector entry
The M32R jumps to location H'7FFFFFFO.
For reset sequence, the program stored in 16-
byte area beginning from H'7FFFFFFO is
executed. At end of this program, it should
explicitly jump to proper address to initiate
program.

3.6.3 Address Exception (AE)

® Starting condition

Al occurs when the load/store instructions attempt to
access memory with an unaligned address.

Combinations of instruction and address with address
exception starts are as follows :

+ When low order 2 bits of the address is 01,11 in the
LDH or STH instructions.

* When low order 2 bits of the address is 01, 10, 11 in
the LD, ST, LOCK, UNLOCK instructions.

When the address exception occurs, there is no
memory access with the instruction.

3 Exception,Interrupt, Trap (EIT) 41



3.6 Detailed Description of each EIT

When an address exception is detected, the address
exception is accepted even from an external interrupt
request.

® EIT Processing « Saving PC

The PC value of instruction causing an address
exception is set in BPC. For example, if the
instruction causing address exception is in
Address 4, the number 4 is stored in BPC. If
Address 6, 6 is stored in BPC. However, care
is required.since the return destination with the
RTE instruction becomes Address 4 in both
cases (since the low order 2 bit is set to zero
when returning to PC). In this case, the value
of Bit 30 of BPC indicates whether the
instruction causing address exception is on the
word boundary (BPC[30]=0) or not (BPC[30]=1).

address

H'00

Return "
- H'04
address Hos

BPC = H'04

HOC

BPC = H'06

Figure 3.4 Return Destination of Address Exception

» Updating PSW

Each bit of PSW will be updated to the following
values :

Bit Value

BSM SM

BIE IE

BC C

SM unchanged
IE 0

Cc 0

» Jumping to the EIT vector entry

The M32R jumps to location H'00000040.
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3.6 Detailed Description of each EIT

3.6.4 Trap (TRAP)

® Starting condition Starts by execution of the TRAP instruction. Even if
there is an external interrupt request while executing a
TRAP instruction, the trap is accepted.

® EIT Processing » Saving PC
The value (PC value of TRAP instruction + 4) is
stored in BPC.

For example, 8 is stored in BPC with a TRAP
instruction of Address 4. 10 is stored in BPC
with the TRAP instruction of Address 6.
However, care will be required with the RTE
instruction since the return destination will be
Address 8 in both cases (The tow low order bits
are set to zero when returning to PC). In this
case, the value of Bit 30 of BPC indicates
whether the TRAP instruction is on the word
boundary (BPC[30]=0) or not (BPC[30]=1).

address address
H'00 H'00
H'04 | H04
Return Return
—»-H08 —-H'08 |
address HOG —- address HOC
BPC = H'08 BPC = H0A

Figure 3.5 Return Destination of Trap

« Updating PSW
Each bit of PSW will be updated with the
following values :

Bit Value

BSM SM

BIE IE

BC .. C

SM unchanged
IE 0

C 0
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3.6 Detailed Description of each EIT

+ Jumping to the EIT vector entry
The M32R jumps to the (trap No. x 4) address.

Trap No. Address of EIT Vector Entry

0 H'00000000
1 H'00000004
2 © H'00000008
14 H'00000038
15 H'0000003C
3.6.5 External Interrupt (El)
® Starting condition Check the INT pin at the instruction interval on the

word boundary. The INT pin is asserted at this time
and external interrupt is accepted if the IE bit of PSW
is 1. Therefore, there will be no external interrupts
immediately after executing the 16 bit instruction on the
word boundary.

1000 address 1002 address 1004 address 1006 address
I
A(16-bit length) B(16-bit length) C(32-b=t length)
O Interrupt Xlnterrupt O Interrupt O Interrupt
acceptable not acceptable acceptable acceptable

Figure 3.6 Timing of External Interrupt Accept

® EIT Processing « Saving PC
The PC value of the next instruction to be
executed is set in the BPC. If an external
interrupt is received immediately after executing
a branch instruction, the branch target address
is set in the BPC. When an external interrupt is
received immediately after executing a
conditional branch instruction, the branch target
address is set in the BPC if the branch is taken,
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3.6 Detailed Description of each EIT

the next instruction PC is set if the branch is not
taken.

+ Updating PSW
Each bit of PSW will be updated to the following

values :
Bit Value
BSM SM
BIE IE
BC C
SM 0
IE 0
c 0

- Jumping to the EIT vector entry
The M32R jumps to location H'00000044.

3 Exception,interrupt, Trap (EIT)
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4.1 Overview of Internal Memory System, 4.2 Internal Memory System Configuration

Internal Memory System

4.1 Overview of Internal Memory System

The memory system of the M32R features the following :

+ 2MB of high-speed DRAM, 2KB of high-speed SRAM as a cache, and the
memory controller for DRAM and SRAM

+ A 128-bit bus connecting the CPU, cache, and DRAM (This bus eliminates
performance loss due to memory bus bottlenecks and allows the M32R CPU
core to perform at its maximum speed.)

« A cache SRAM mode which can be switched as follows :

Instruction and data cache for the internal DRAM
Instruction cache for the external user space

4.2 Internal Memory System Configuration

The M32R/DRAM internal memory system is configured according to the setting of
the memory controller configuration register, described later.

4.2.1 On-chip DRAM Space Shared Cache Mode

Figure 4.1 shows the configuration of the M32R internal memory system when
selecting in the on-chip DRAM space shared cache mode. In this mode, the
cache functions as a common cache for instructions and data for the on-chip
DRAM, and all bus access of the DRAM memory space is cached. It is assumed
that the microcomputer system uses the on-chip DRAM as the main memory.
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4.2 Internal Memory System Configuration

Both the chip bus and the memory bus allow 128-bit parallel data transfer and
caching is performed using direct mapping and store-in methods.

If the external memory space is accessed, data is transferred between the CPU
and bus slave on the system bus via the bus interface unit (BIU). The BIU has a
128-bit data buffer, and converts between the chip bus and the system bus widths.
Note that in this case, data being transferred is not cached.

DRAM

Memory Bus (128bits)

-

System Bus (16bits)

Chip Bus (128bits)

\
BiU

CPU

Figure 4.1 On-chip DRAM Space Shared Cache Mode

4.2.2 External User Space Instruction Cache Mode

Figure 4.2 shows the configuration of the M32R/DRAM internal memory system
when selecting the external user space instruction cache mode. In this mode, the
cache functions as an instruction cache for the external user space, and caches
instruction fetch access of the system bus. It is assumed that the external ROM is
used as a program memory and the internal DRAM is used as a data memory.

Caching is performed using direct mapping. Coherence with the instruction codes

in the cache memory is not preserved when new instruction codes are written to
the external user space.
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4.2 Internal Memory System Configuration

DRAM

System Bus (16bits)

3

y Chip Bus (128bits)
A

A

>

Cache
BIU

y
CPU

Figure 4.2 External User Space Instruction Cache Mode

4.2.3 Cache-off Mode

Figure 4.3 shows the configuration of the M32R/DRAM internal memory system
when selecting the cache-off mode. In this mode, the cache is off and all bus
cycles are directly applied to DRAM or to the system bus.

z
8
2
[a0]
§
DRAM g
A
o Chip Bus (128bits) o

BIU

3
\

CPU

Figure 4.3 Cache-off Mode
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5.1 1/0 Registers for Internal Memory System Control

Internal Peripheral 1/O

5.1 Memory Controller

The memory controller is an internal peripheral I/O of the M32R and controls the
on-chip DRAM and cache (SRAM). lIts principal functions are as follows :

¢ Access and refresh of DRAM

Setting the cache mode (i.e., sets configuration of the internal memory system)
» Controlling purge of the cache

5.1.1 Internal Memory System Control Registers

The M32R has the following three internal memory system control registers to
define and control the internal memory system with the memory controller :

» Cache Purge Control Register (MSPR)
+ DRAM Refresh Control Register (MDRR)
«  Memory Controller Configuration Register (MCCR)

Figure 5.1 contains a memory map of these registers.

Logical +0 address +1 address +2 address +3 address
Address | b0 b7 b8 b15 b16 b23 b24 b31
h'FFFFFFF4
h'FFFFFFF8
hW'FFFFFFFC

Figure 5.1 Memory Map of Internal Memory System Control Registers
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5.1 Memory Controller

5.1.1.1 Cache Purge Control Register (MSPR)

The cache purge control register (MSPR) specifies the purging of the on-chip
SRAM cache. Writing a “1” to the purge specification bit purges the cache.

The bit structure of MSPR is shown in Table 5.1 :

Table 5.1 MSPR

b Name Function Ini R W
0 (No mapping)
0 0 x
6
7 purge specification bit 0 :No purge. 0 0 o
1 :Purge.

® Purge Specification Bit (b7)

0 : The cache is not purged.
1 : The cache is purged after writing the data in the cache back to the DRAM.

(Note) Conventions
This chapter uses the following conventions in tables :

Term Contents
b Indicates the bit position (b0-b7)
Function Shows the function that corresponds to each bit pattern
x indicates any value (O or 1).
Ini Shows bit value immediately after a reset has been cancelled.
0 : 0 (fixed) 1 1 (fixed) ? :unfixed
R Shows read attribute
O :read enabled 0 :fixed to O when reading
x :read disabled 1 :fixed to 1 when reading
w Shows write attribute

O : write enabled
x : write disabled (write requests ignored)
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5.1 Memory Controller

5.1.1.2 DRAM Refresh Control Register (MDRR)
The DRAM refresh control register specifies the on-chip DRAM refresh mode.

When the refresh mode bit is set to “0”, the memory controller automatically
refreshes the cn-chip DRAM at regular intervals. (Auto refresh is equivalent to the
CAS-before-RAS refresh used in standard DRAMs.)

The M32R on-chip DRAM has a self-refresh function that internally continues a low
power dissipation refresh operation to enable the system to be backed up by
battery. When the refresh mode bit of the DRAM refresh control register is set to
“1", the memory controller starts the self-refresh cycle, and the DRAM stays in the
self-refresh cycle as long as the register is set to “1". To cancel the self-refresh

mode and return to the auto-refresh mode, the refresh mode select bit is set to
o,

Starting the self-refresh cycle sets the DRAM controller in standby (sleep) mode.
During the self-refresh period, the memory controller does not accept requests to
access the DRAM space. However, external space and internal I/O registers can
be accessed at this time.

The bit structure of MDRR is shown in Table 5.2 :

Table 5.2 MDRR

b Name Function Ini R W
0 (No mapping)

0 0 x
6
7 Refresh mode bit 0 :Auto-refresh mode

0 oo

1 :Self-refresh mode

¢ Refresh Mode Bit (b7)
The refresh mode bit sets refresh mode of the on-chip DRAM.

0 : auto-refresh mode

The memory controller performs a refresh at regular intervals.

1 : self-refresh mode

The memory controller the self-refresh mode
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5.1 Memory Controller

5.1.1.3 Memory Controlier Configuration Register (MCCR)

The memory controller configuration register specifies the internal cache memory

mode and the latency when accessing the on-chip DRAM. The bit structure is as

shown in Table 5.3.

Table 5.3 MCCR

b Name Function Ini R W
0 (No mapping)
0 0 x
4
5 Timing parameter bit 0 :Fast mode 0 o o
1 :Slow mode
‘ b6 b7
6 Cache mode bits 0 X : Cache-off mode
1 0 : On-chip DRAM space shared
cache mode 0 o o

11 : External user space instruction
cache mode

e Timing Parameter Bit (b5)
The memory controller optimizes the timing of the internal DRAM access
according to the internal operating frequency.

0 :Setto "0"when CLKIN is more than 8.3MHz.
1 :Setto "1" when CLKIN is less than 8.3MHz.

[l NOTE JillI
Note that correct operation cannot be guaranteed if a “1" is set when
.CLKIN is more than 8.3MHz.

® Cache Mode Bits (b6,b7)
The cache mode bits specify the on-chip SRAM cache mode.

0X : cache-off mode
Inhibits cache operation

10 : on-chip DRAM space shared cache mode
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5.1 Memory Controller, 5.2 Programmable Ports

Both instructions and data are cached when the on-chip DRAM space is
accessed.

11 : external user space instruction cache mode
Instruction fetches are cached when the external user space is accessed.

5.2 Programmable I/O Ports

The M32R has two programmable 1/O ports (PPO and PP1), each containing a
data register and a direction control register.

5.2.1 Programmable Port Control Registers

The M32R has four control registers and four (programmable port direction control
registers) for each programmable port. PPDRO and PPCRO are for PP0. PPDR1
and PPCR1 are for PP1.

* Programmable Port Data Registers (PPDRO, PPDR1)
* Programmable Port Direction Control Registers (PPCRO, PPCR1)

Figure 5.2 contains a memory map of these registers.

Logical +0 address +1 address +2 address +3 address
Address | b0 b7 b8 b15 b16 b23

WFFFFFEO

NFFFFFE4

hFFFFFES

WFFFFFEC

Figure 5.2 Memory Map of Programmable Port Control Registers

The software can read data from or write data to the programmable |/O ports.
Each port can be individually controlled by its direction register for use as an input
port or an output port.
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5.2 Programmable Ports

5.2.1.1 Programmable Port Direction Control Registers (PPCR0, PPCR1)

The PPCRO and PPCR1 registers control the programmable ports to specify input
or output. PPCRO controls port PP0. PPCR1 controls port PP1. When the
direction bit is "0", the corresponding port is set to input; when "1", the port is set
for output.

The bit structure of PPCR is shown in Table 5.4.

Table 5.4 PPCRO, PPCR1

b Name Function Ini R W
0 (No mapping)

0 0 x
6
7 Port I/O direction specification bit 0 : Input mode 0o o

1 :Output mode

® Port I/O Direction Specification Bit (b7)

0 : input mode
1 : output mode

5.2.1.2 Programmable Port Data Registers (PPDR0, PPDR1)

When using the programmable I/O ports to output data externally or to input data
from outside, set the output data to the data register, or read the data from the
data register.

The ports are set for use as input ports or output ports using the direction control
registers. (Refer to 5.2.1.1)

The bit structure of PPDR is as shown in Table 5.5.

Table 5.5 PPDRO,PPDR1

b Name Function Ini R W
0 (No mapping)
0 O x
6
7 Port data bit 0 :Data="0"
? oo
1 :Data="1"
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5.2 Programmable Ports

® Port Data Bit (b7)

0 : Portdata="0"
1 : Portdata="1"

® When set for input mode

The port pin is in the floating state, and the externally applied port pin level is
stored in the port data register. Therefore, the input level of the port pin can
be determined by reading the data bit corresponding to the input port.

After a value has been written from outside to the data register in the input
mode, the initial value of the output port can be set by switching to the output
mode.

® When set for output mode

When sending data via the port, the port direction control register is set to "1"
after writing the value to the corresponding data bit. The value written to the
data bit appears at the output port.
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6.1 External Bus Interface Signals

External Bus Interface

6.1

6.1.1

6.1.2

6.1.3

External Bus Interface Signals

The M32R has external bus-related signals described in this section which control
operation of the external bus.

Address (A8-A30)

The M32R uses 24-bit addresses (bits A8 to A31) for addressing the 16MB
memory space. The lowest A31, is not output from the external pin. In the write
cycle, the valid write byte of the 16-bit data bus is output as BCH and BCL. In
the read cycle, the whole 16 bits of the data bus are read. Internally, however,
only the data in the specified byte position is transferred.

The address pin is bi-directional. When accessing the on-chip DRAM from outside
when the M32R is in hold state, the address is input from the system bus.

Space Identifier (SID)

In addition to the address pin, a space ID signal is output for discriminating
between the user space and I/O space.

® User space SID=0
® |/O space SID=1

Byte Control (BCH, BCL)

The Byte Control signals show the byte position of the valid data during the
external bus cycle. BCH corresponds to the high order byte and BCL to the low
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6.1 External Bus Interface Signals

order byte. In the read bus cycle, the M32R sets both BCH and BCL to “L". In
the write bus cycle, BCH or BCL are set to “L" for the byte for which a write
operation is requested.

When accessing the on-chip DRAM from outside, the byte control signal is input
from the system bus.

6.1.4 Data Bus (D0-D15)

The data bus is a 16-bit data bus for exterhal devices.

6.1.5 Bus Start (BS)

When starting the bus cycle of the M32R to system bus, BS is set to “L" at the

start of the bus cycle. For burst transfer, described later, BS is asserted for each
transfer cycle.

The BS signal is not asserted when accessing internal resources such as the on-

~ chip DRAM space or internal I/O registers.

6.1.6 Bus Status (ST)

The M32R outputs an ID signal to indicate if the bus cycle is for instruction read
access or operand read/write access.

® |Instruction fetch access ST=0
® Operand access ST=1
® Hold/idle ST= unspecified

6.1.7 Read/Write (R/W)

The read/write (R/W) signal is output to indicate if the external bus cycle is for
read or write.

When accessing the on-chip DRAM from an external bus master, R/Wis input
from the system bus.

® Read bus cycle R/W=1
®  Write bus cycle R/W=0
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6.1 External Bus Interface Signals

6.1.8 Burst (BURST)

For Burst the M32R starts two consecutive bus cycles which access 32-bit data
aligned on 32-bit boundaries. In external instruction cache mode, the M32R starts
eight consecutive bus cycles for reading 128-bit data aligned on 128-bit boundaries
for cache data replacement. The M32R sets BURST to “L" during these
consecutive bus cycles.

The address for 32-bit data access is output as the high order 16 bits followed by
the low order 16 bits. The address for 128-bit data access is output starting at a
16-bit aligned address and continues in sequence for each access cycle so that it
wraps around within a 128-bit boundary.

6.1.9 Data Complete (DC)

When the M32R starts the external bus cycle, the wait cycle is automatically
inserted until DC is asserted from the bus slave on the system bus. Wait control
using DC is also valid for bus cycles in a burst transfer.

The DC pin is bi-directional and if the on-chip DRAM is accessed by an external
bus master while the M32R is in the hold state, the M32R asserts DC to inform
the system bus that the bus cycle for the on-chip DRAM is completed.

6.1.10 Hold Request and Acknowledge (HREQ, HACK)

In the hold state, bus access by the M32R is stopped and all bus-related pins are
in the high-impedance state. While the M32R is in the hold state, data transfer
using the system bus can be done at any time.

HREQ "L" is asserted to set the M32R in the hold state. During the transition to
the hold state, HACK is set to "L".

While in the hold state, the M32R pin status is shown in Figure 6.1. To return to
the normal operating state from the hold state, HREQ is negated.

Table 6.1 Pin Status in Hold State

Pin Pin Status and Operation
A8-30,D0-15,R/W,BCH,BCL,BURST High Impedance

HACK Output "L"

Others Normal
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6.1 External Bus Interface Signals 6.2 Read/Write Bus Operations

6.1.11 On-chip DRAM Access Control (Chip Selector, CS)

After the M32R is placed in the hold state, asserting to CS “L" enables the on-chip
DRAM to be accessed from the system bus. :

The following pins, which must be controlled from the system bus, are used to
access the on-chip DRAM :

e A8-A30

[}
W
o
I
W
[

® DO-D15

Specify the address in on-chip DRAM space using pins A8-
A30 (On the memory map, A8-A9 should be “00”, but even
when not “00", the M32R accesses on-chip DRAM as if it
were “00".)

Specify the byte control for the data to be written to the on-
chip DRAM (When writing, only the byte for which BCH (high
16 bits) and BCL (low 16 bits) are asserted to “L" are written
to DRAM. When reading, the halfword of data specified by
A8-A30 is output to DO-D15 regardless of BCH and BCL))

Specify read or write for the on-chip DRAM. (“H" corresponds
to read, “L" to write.)

When writing to the on-chip DRAM, the write data is asserted.
Specify byte control using BCH and BCL, described earlier.

6.2 Read/Write Bus Operations

6.2.1 Read Cycles

Figure 6.1 shows the timing for a CPU read cycle with 0 wait states. Figure 6.2
shows the timing for a CPU read cycle with 1 wait. " o" indicates the sampling

point.
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6.2 Read/Write Bus Operations

DLE i READ | READ i IDLE
ckiN _| L ] l ]
S \__/
soor ZITTTTITIX ) Ui
RW T
BCH,BCL \ /
BURST _ i-p-
Do-15 O—O

Figure 6.1 CPU Read Cycle (0 wait)

IDLE §_ READ i READ _{_IDLE
CLKIN 1 | l l L LI
BS
A8-A30
12111 X X7l
SID,ST
RW  i"H"
BCH,BCL
BURST ~ impr
DO-15 {&) {S)
O g O %
DC T \ & / e \ o /

Figure 6.2 CPU Read Cycle (1 wait)
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6.2 Read/Write Bus Operations

6.2.2 Burst Read Cycles

When reading word-size data aligned on a 32-bit boundary, or 4-word-size data
aligned on a 128-bit boundary for cache replacement in the external instruction
cache mode, assert BURST. Figures 6.3 and 6.4 show the read bus cycle in
each of these cases.

When reading 32-bit data in burst, always start the bus cycles with the 16-bit bus
read cycle for the high order (MSB) followed by that for the low order (LSB).
When burst reading 128-bit data, start the bus cycles with any address on a 16-bit
boundary, then 8 cycles for the 8-to-16-bit parts of the 128 bits in sequence so
that all data on the 128 bit line is read. Address bits A8 to A30 are output each

cycle.
IDLE P READ P IDLE
CLKIN | 1 | 1 1
5%
A8-A30
e/ ///////) 4 X X7ZZTI7IIT
i v
Bon.50L —
BURST \ /
DO-15 @ @

Figure 6.3 CPU Burst Read Cycle
(When reading word-size data aligned on a 32-bit boundary)
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6.2 Read/Write Bus Operations

IDLE READ IDLE

i

A 4

L

S T e T T e T T T o T o T o T o T oy
/" T
(

A8-A30 =TT (

RW "H*

Q
o
O

Figure 6.4 CPU Burst Read Cycle
(4-word-size data aligned on a 128-bit boundary)

6.2.3 Write Cycles

Figure 6.5 shows the timing for a CPU write cycle with 0 wait states. Figure 6.6
shows the timing for a CPU write cycle with 1 wait state. " o" indicates the
sampling point.
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6.2 Read/Write Bus Operations

IDLE e WRITE =WRITE it IDLE

CLKIN L L ] LI
BS \__/

‘s‘fl;fs;’ ZI7777777X ( X277
RIW

BCHBCL \ X y

BURST “H"

DO-15 X
° \o/ NS

Figure 6.5 CPU Write Cycle (0 wait)

DLE _§_ WRITE i WRITE _{_ IDLE
CLKIN l L l 1 L L
BS
AB-A30 7
SID.ST LI X ) /171010
RW
BCH,BCL \ X V4
BURST  {"H"
Do-15 X
i W

Figure 6.6 CPU Write Cycle (1 wait)
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6.2 Read/Write Bus Operations

6.2.4 Burst Write Cycles

When writing word-size data aligned on a 32-bit boundary, assert BURST. Figure
6.7 shows the bus cycle.

When burst writing 32-bit data, always start the bus cycles with the 16-bit bus
write cycle for the high order (MSB) followed by that for the low order (LSB).
Addresses A8 to A30 are output each cycle.

IDLE WRITE _i_ IDLE

A
A
A

A8-A30 =TT TTTTTT7N ( X2

o
O

Q
I

Figure 6.7 CPU Burst Write Cycle
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6.2 Read/Write Bus Operations

6.2.5 Continuous Bus Cycle

As shown in Figure 6.8, the M32R inserts an idle cycle immediately after the read
bus cycle (without starting the write bus cycle) to avoid data collision on the
system bus. This also applies to the write cycle (burst write cycle) immediately
after the burst read.

IDLE __READ { IDLE _{ WRITE | IDLE

) 4
\j

ASASO=TFTTTTTTIX XZZZ7T777X XZZ7177777

SID,ST
AW /[
BCH,BCL / /
BURST "
Do-15

©

Figure 6.8 Write Cycle Immediately After Read Cycle
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6.3 Hold Cycles

6.3 Hold Cycles

When HREQ is set to "L", HACK is set to “L" within several clocks and the M32R
enters a hold state. As shown in Figure 6.9, bus-related pins are set to high-
impedance while the M32R is in the hold state so that data transfers can be
performed when required on the system bus.

Negate HREQ to return from the hold state to normal operation.

HOLD

WRITE _{ READ i _ IDLE _: _ assert . _ HOLD _{ RETURN i IDLE
CLKIN 1 | 1 1 l l L l |
RS SR ¢ SEE— O
HREQ \ ; o = o o / o
TACK \ [
A8-A30
SID,ST \ 77//4
RW =
BCH,BCL

8l
|
ﬁ{c} .
(
|
|
1

Figure 6.9 Transition to and from Hold State
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6.4 External Bus Master Access

6.4 External Bus Master Access

6.4.1

After setting the M32R to the hold state, setting CS to “L” enables the on-chip
DRAM to be accessed from the system bus.

External Bus Master Read Cycles

As shown in Figure 6.10, if CS is asserted while the M32R is in the hold state, it
is interpreted as a request for bus access of the on-chip DRAM and the internal
memory controller starts the bus cycle for DRAM. When the R/W pin is “H", a
read bus cycle is assumed. On completion of the bus cycle, the read data from
DRAM is output on DO-D15 and DC is asserted. In the case of a read bus cycle,
the 16 bits of data at the address specified by A8-A30 is output regardless of what
is specified by BCH and BCL.

In the M32R, the 128 bits of data including the requested address are temporarily
read into the 128-bit data buffer in the bus interface unit (BIU). Therefore, when

reading contiguous addresses within a 128-bit boundary, the next read bus cycle

does not include the read cycle from DRAM and therefore ends within 1 xCLKIN.
Two or three CLKIN are required for the first bus access.

When the target read bus cycle has finished, immediately negate CS. Also, when
negating HREQ to return from the hold state to normal operation, do so at the
same time or after negating CS.
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6.4 External Bus Master Access

>l HOLD _{ RETURN
READ _READ _, READ _; READ _
CLKIN L l l 1 | 1 | | -
HREQ O O O~ —0 O O
AACK 1\ /
cs " o o o o—/
A8-A30
sID,ST A \
—_— —\
RW
BCH,BCL ) ¢ X X
DO-15 ( X X X —77777
B G- \ —_—

Figure 6.10 Read Bus Cycle of On-chip DRAM

6.4.2 External Bus Master Write Cycles

As shown in Figure 6.11, if CS is asserted while the M32R is in the hold state, the
M32R interprets this as a request for bus access of on-chip DRAM and the
internal memory controller starts the bus cycle for the DRAM. On completion of
the bus cycle, DC is asserted. The byte data control is specified using the BCH
and BCL pins. Only the data in the byte positions for which BCH and BCL are
asserted “L" is written to DRAM.

In the M32R, the write-requested data is temporarily stored in the 128-bit data
buffer in the bus interface unit (BIU) before being written to DRAM. This reduces
the frequency of DRAM access and increases the throughput when data is to be
written to contiguous addresses. Therefore, continuous write accesses within a
128-bit boundary are completed within 1 xCLKIN. Figure 6.11 shows an example
of four bus access in which the first and second are to continuous addresses
within one 128-bit boundary and the third and fourth are to continuous addresses
within a second 128-bit boundary.

If the target write bus cycle has finished, immediately negate CS. Also, if negate
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6.4 External Bus Master Access

HREQ is negated to return from the hold state to normal operation, it most be the
same time or after the negating of CS.

:gég i HOLD . {RETURN
i WRITE C¢ WRITE ;  WRITE N ‘wams: b -
CLKIN L 1 1 l | ] L L
HREQ o o o o o o—t
mck 1\ /.
cs ° o o- o o— |
= X
RW
BCH,BCL X ( 4
DO-15 X X 4
pc ~ 1 — \ /i \ ~—

Figure 6.11 Write Bus Cycle of On-chip DRAM
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6.5 Reset

6.5 Reset

Asserting RST the "L" resets the M32R. The reset state is cancelled by negating
RST, and program execution starts at the address shown by the reset vector.

6.5.1 Reset Operation

When the power is on, RST can be asserted to "L" to start the x4 clock generator
in the M32R. Keep RST asserted for at least 2 ms after VCC has stabilized at the
specified voltage level.

To reset the M32R during operation, assert RST for a minimum of 4 XCLKIN
cycles.

6.5.2 Signal States During Reset

While RST is asserted and immediately after RST is negated, the external pins of
the M32R are in the following states :

® While RST is asserted and for 5 XCLKIN after RST is negated
—Undefined

® For 5 to 8XCLKIN after RST is negated
—ldle

® At 15XCLKIN after RST is negated
—The vector fetch bus cycle starts

6.5.3 CPU Internal States After Reset Sequence

When an active RST signal goes “H", the M32R CPU registers are initialized as
shown in Table 6.2.
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6.5 Reset

Table 6.2 Contents of Control Registers After Reset Sequence

Register Content
PSW (CRO) B'0000 0000 0000 0000 ??00 000? 0000 0000
(BSM, BIE, and BC are undefined)
CBR (CR?1) H'0000 0000
SPI (CR2) H'0000 0000
SPU (CRS3) H'0000 0000
BPC (CR®6) undefined
PC (program counter) H'7FFF FFFO (restart address)
ACC (accumulator) undefined
Programmable | PPCRO, H'00 (input mode)
110 PPCR1
PPDRO, B'0000 000?
PPDR1 (port data are dependent on the pin
status)
Memory MSPR H'00 (no purge)
Control MDPR H'00 (auto-refresh mode)
MCCR H'00 (fast mode, cache-off mode)
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7.1 Absolute Maximum Ratings, 7.2 Recommended Operating Conditions

Electrical Characteristics

7.1 Absolute Maximum Ratings

Table 7.1 Absolute Maximum Ratings

Symbol | Parameter Conditions Ratings Unit
Min. max.
vce Supply voltage -05 46 \
Vi Input voltage -05 46 v
VO Output voltage -05 46 v
PD Power dissipation Ta=25°C 8D mw
IcC VCC power supply current TBD mA
Topr Operating temprature 0 70 °C
Tstg Storege temprature -65 150 °C
7.2 Recommended Operating Conditions
Table 7.2 Recommended Operating Conditions
Symbol | Parameter Linits Unit
Min. Typ. Max.
vcC Supply voltage 3.0 33 3.6 \
VSS Supply voltage 0 0 0 \4
VIH High level input voltage 20 VCC+0.3 \
ViL Low level input voltage 03 0.8 \
CL Qutput load capacitance 50 pF

(Ta=0 to 70°C unless otherwise specified)

7 Electrical Characteristics
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7.3 M32R DC/AC Characteristics

7.3 M32R DC/AC Characteristics

T.B.D
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A.1 List of Instructions

Appendix J\ -

The M32R Instruction Set

A.1 List of Instructions

Mnemonic Operand(s)

ADD
ADD3
ADDI
ADDV
ADDV3
ADDX
AND
AND3
BC
BC
BEQ
BEQZ
BGEZ
BGTZ
BL
BL
BLEZ
BLTZ
BNC
BNC
BNE
BNEZ
BRA
BRA
CMP
CMPI
CMPU

Rdest,Rsrc
Rdest,Rsrc, #cl6
Rdest, #c8
Rdest,Rsrc
Rdest,Rsrc, #cl6
Rdest,Rsrc
Rdest,Rsrc
Rdest,Rsrc, #clé6
c8

c24
Rdest,Rsrc,cl6
Rsrc,clé
Rsrc,clé
Rsrc,clé

c8

c24

Rsrc,clé
Rsrc,clé

c8

c24
Rdest,Rsrc, cl6e
Rsrc,clé

c8

c24

Rsrcl,Rsrc2
Rsrc, #clé

Rsrcl,Rsrc2

Function C(condition bit)
Rdest = Rdest + Rsrc

Rdest = Rsrc + (sh)clé

Rdest = Rdest + (sb)c8

Rdest = Rdest + Rsrc overflow
Rdest = Rsrc + (sh)clé overflow
Rdest = Rdest + Rsrc + C carry

Rdest = Rdest & Rsrc

Rdest = Rsrc & (uh)clé

if(C) PC=PC+ ((sb)c8<<2)

if(C) PC=PC+ ((s24)c24<<2)

if (Rsrc == Rdest) PC=PC+ ((sh)cl6<<2)
if(Rsrc == 0) PC=PC+((sh)cle<<2)

if (Rsrc >= 0) PC=PC+((sh)cl6<<2)

if (Rsrc > 0) PC=PC+((sh)clé<<2)
R14=PC+4,PC=PC+ ( (sb) c8<<2)
R14=PC+4,PC=PC+ ((s24) c24<<20

if (Rsrc <= 0) PC=PC+ ((sh)clé<<2)
if(Rsrc < 0) PC=PC+((sh)clé6<<2)
if(!C) PC=PC+((sb)c8<<2)

1f(!C) PC=PC+((s24)c24<<20

if(Rsrc != Rdest) PC=PC+((sh)cl6<<2)
if(Rsrc != 0) PC=PC+((sh)cle<<2)
PC=PC+ { (sb) c8<<2)
PC=PC+ ( (s24)c24<<2)

(s)Rsrcl < (s)Rsrc2

(s)Rsrc < (sh)clé

(u)Rsrcl < (u)Rsrc2
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CMPUI
DIV
DIVU
JL
JMP
LD
LD
LD
LD24
LDB
LDB
LDH
LDH
LDI
LDI
LDUB
LDUB
LDUH
LDUH
LOCK
MACHI

MACLO
MACWHI
MACWLO
MUL
MULHI

MULLO
MULWHI
MULWLO
MV
MVFACHI
MVFACLO
MVFACMI
MVEC
MVTACHI
MVTACLO
MMVTC
NEG
NOP

NOT

Rsrc, #cl6
Rdest,Rsrc
Rdest,Rsrc

Rsrc

Rsrc
Rdest, @ (¢16,Rsrc)
Rdest, @Rsrc
Rdest, @Rsrc+
Rdest, #c24
Rdest, @ (cl6,Rsrc)
Rdest, @Rsrc
Rdest, @ (cl6,Rsrc)
Rdest, @Rsrc
Rdest, #cl6
Rdést,#c8
Rdest, @ (c16,Rsrc)
Rdest, @Rsrc
Rdest, @ (c16,Rsrc)
Rdest, @Rsrc
Rdest, @Rsrc

Rsrcl,Rsrc2

Rsrcl,Rsrc2
Rsrcl,Rsrc2
Rsrcl,Rsrc2
Rdest, Rsrc

Rsrcl,Rsrc2

Rsrecl,Rsrc2
Rsrcl,Rsrc2
Rsrcl,Rsrc2
Rdest,Rsrc
Rdest

Rdest

Rdest
Rdest,CRsrc
Rsrc

Rsrc

Rsrc, CRdest
Rdest,Rsrc
/*no-operation*/

Rdest, Rsrc

(u)Rsrc < (u) ((sh)clé)

Rdest = (s)Rdest / (s)Rsrc

Rdest = (u)Rdest / (u)Rsrc

R14 = PC+4, PC = Rsrc

PC = Rsrc

Rdest = * (s *) (Rsrc+(sh)clé)

Rdest = * (s *)Rsrc

Rdest = * (s *)Rsrc, Rsrc += 4

Rdest = c24 & OxOQ0ffffff

Rdest = *(sb *) (Rsrc+(sh)clé)

Rdest = *(sb *)RSrc

Rdest = *(sh *) (Rsrc+(sh)cl6)

Rdest = *(sh *)Rsrc

Rdest = (sh)clé

Rdest = (sb)c8

Rdest = *(ub *) (Rsrc+(sh)clé)

Rdest = *(ub *)Rsrc

Rdest = *(uh *) (Rsrc+(sh)clé)

Rdest = *(ub *)Rsrc

LOCK = 1, Rdest = *(s *)Rsrc

accumulator += (s) (Rsrcl & Oxffff0000) *
(s) ((s)Rsrc2>>16)

accumulator += (s) (Rsrcl<<16é) * (sh)Rsrc2
accumulator += (s)Rsrcl * (s) ((s)Rsrc2>>16)
accumulator += (s)Rsrcl * (sh)Rsrc2
Rdest = (s)Rdest * (s)Rsrc

accumulator = (s) (Rsrcl & Oxffff0000) *
(s) ((s)Rsrc2>>16)

accumulator = (s) (Rsrcl<<1l6) * (sh)Rsrc2
accumulator = (s)Rsrcl * (s) ((s)Rsrc2>>16)
accumulator = (s)Rsrcl * (sh)Rsrc2

Rdest = Rsrc

Rdest = accumulater >> 32
Rdest = accumulator >> 16
Rdest = accumulator

Rdest = CRsrc
accumulatorfO:Bl] = Rsrc
accumulator[32:63] = Rsrc
CRdest = Rsrc

Rdest

0 - Rsrc

Rdest = ~Rsrc
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OR
OR3

RACH
REM
REMU
SETH
RTE

SLL
SLL3
SLLI
SRA
SRA3
SRAI
SRL
SRL3
SRLI
ST
ST
ST
ST
STB
STB
STH
STH
SUB
SUBV
SUBX
TRAP
UNLOCK
XOR
XOR3

where:

typedef
typedef
typedef
typedef
typedef
typedef

Rdest,Rsrc
Rdest,Rsrc, #cl6

Rdest = Rsrc |

Rdest = Rdest | Rsrc

(uh)clé

Round the 16-bit value in the accumulator

Round the 32-bit value in the accumulator

Rdest,Rsrc Rdest = (s)Rdest % (s)Rsrc

Rdest,Rsrc Rdest = (u)Rdest % (u)Rsrc

Rdest, #cl6 Rdest = c¢l6 << 16
PC = BPC & Oxfffffffc, PSW([SM, IE,C] =
PSW([BSM, BIE, BC]

Rdest,Rsrc Rdest = Rdest << (Rsrc & 31)

Rdest,Rsrc, #cl6 Rdest = Rsrc << (cl6 & 31)

Rdest, #c5 Rdest = Rdest << ¢5

Rdest,Rsrc Rdest = (s)Rdest >> (Rsrc & 31)

Rdest,Rsrc, #clé
Rdest, #c5
Rdest,Rsrc
Rdest,Rsrc, #cl6
Rdest, #c5
Rsrcl,@(cl6,Rsrc2)
Rsrcl, @+Rsrc2
Rsrcl, @-Rsrc2
Rsrcl, @Rsrc2
Rsrcl, @(cl6,Rsrc2)
Rsrcl, @Rsrc2
Rsrcl,@(clé,Rsrc2)
Rsrcl, @Rsrc2

Rsrc2 += 4,

Rdest = (s)Rsrc >> (cl6 & 31)
Rdest = (s)Rdest >> c5

Rdest = (u)Rdest >> (Rsrc & 31)
Rdest = (u)Rsrc >> (clé & 31)
Rdest = (u)Rdest >> ¢5

*(s *) (Rsrc2+(sh)clé6) = Rsrcl

*(s *)Rsrc2 = Rsrcl

Rsrc2 -= 4, *(s *)Rsrc2 = Rsrcl
*{s *)Rsrc2 = Rsrcl
*(sb *) (Rsrc2+(sh)clé) = Rsrcl
*(sb *)Rsrc2 = Rsrcl
*(sh *) (Rsrc2+(sh)cl6) = Rsrcl

*(sh *)Rsrc2 = Rsrcl

Rdest,Rsrc Rdest = Rdest - Rsrc

Rdest,Rsrc Rdest = Rdest - Rsrc overflow
Rdest,Rsrc Rdest = Rdest - Rsrc - C borrow
#n trap

Rsrcl, @Rsrc2 1f(LOCK) { *(s *)Rsrc2 = Rsrcl; } LOCK=0

Rdest,Rsrc
Rdest,Rsrc, #clé6

singed int s; /*
unsigned int u; /*
signed short sh; /*
unsigned short uh:; /*
signed char sb; /*
unsigned char ub; /*

Rdest = Rsrc *

Rdest = Rdest " Rsrc

(uh)clé

32 bit signed integer (word)*/

32 bit unsigned integer (wofd)*/
16 bit sigﬁed‘integer (halfword) */
16 bit unsigned integer (halfword)*/
8 bit signed integer (byte)*/

8 bit unsigned integer (byte)*/

Appendix A
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A.2 Detail Description of Instructions

A.2 Detail Description of Instructions

For this section, refer to Chapter 2, "Programming model", for more details about
registers, data formats, addressing modes, instruction formats, and the instruction
set. The following details are given for each instruction :

Instruction

Function

Description

Exceptions

Encoding

Shows the mnemonic and possible operands using assembly
notation (Refer to section 2.3, "Addressing modes", for
addressing modes and its notation.)

Indicates the operation performed by the instruction
(Notations are according to the C language notation.)

Describes the operation performed and the condition bit
change by the instruction

Shows the possible exceptions or traps

Shows the instruction format(s) (i.e., the object code
produced for the instruction)
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ADD

ADD

Instruction
ADD Rdest,Rsrc

Function
Rdest = Rdest + Rsrc

Description

ADD adds Rsrc to Rdest and puts the result in Rdest.

The condition bit C is unchanged.

Exceptions

None

Encoding

| 0000 ldest' 1010 [ src | ADD Rdest,Rsrc
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ADD3

ADD3

Instruction
ADD3 Rdest,Rsrc, #immlé
Function
Rdest = Rsrc + (signed short)immlé
Description
ADD3 adds the 16-bit immediate value to Rsrc and puts the result in Rdest (The
immediate value is sign-extended before it is added to Rsrc)
The condition bit, C, is unchanged.
Exceptions
None
Encoding
| 1000 | dest | 1010 | src | imm16 ADD3 Rdest,Rsrc, $imml6
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ADDI

ADDI

Instruction

Function

Description

Exceptions

Encoding

ADDI Rdest, #imm8

Rdest = Rdest + (signed char)imm8

ADDI adds the 8-bit immediate value to Rdest and puts the result in Rdest (The
immediate value is sign-extended before it is added to Rdest)

The condition bit, C, is unchanged.

None

I 0100 l dest | imm8 ADDI Rdest, #imm8
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ADDV

ADDV

Instruction
ADDV Rdest,Rsrc
Function
Rdest = (signed)Rdest + (signed)Rsrc
C = overflow 2 1:0
Description
ADDV adds Rsrc to Rdest and puts the result in Rdest.
The condition bit, C, is set when the addition results in a two's-complement
overflow; otherwise it is cleared.
Exceptions
None
Encoding
l 0000 I dest | 1000 I src | ADDV Rdest,Rsrc
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ADDV3

ADDV3

Instruction

Function

Description

Exceptions

Encoding

ADDV3 Rdest,Rsrc, #imml6 .

Rdest = (signed)Rsrc + (signed) ((signed short) imml6)

C = overflow 2?2 1:0

ADDV3 adds the 16-bit immediate value to Rsrc and puts the result in Rdest (The
immediate value is sign-extended before it is added to Rsrc)

The condition bit, C, is set when the addition results in a two's-complement
overflow; otherwise it is cleared.

None

| 1000 | dest | 1000 | szc | inml6 ADDV3 Rdest,Rsrc, #imml6
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ADDX

ADDX

Instruction
ADDX Rdest,Rsrc
Function
Rdest = (unsigned)Rdest + (unsigned)Rsrc + C
C = carry-out ? 1:0
Description
ADDX adds Rsrc and C to Rdest and puts the result in Rdest
The condition bit, C, is set when the addition result can't be represented by a 32-
bit unsigned integer; otherwise it is cleared.
Exceptions
None
Encoding
I70000 Trdest ] 1001 l src l ADDX Rdest,Rsrc
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AND

AND

Instruction
AND Rdest,Rsrc
Function
Rdest = Rdest & Rsrc
Description
AND computes the logical AND of the corresponding bits of Rdest and Rsrc and
puts the result in Rdest
The condition bit, C, is unchanged.
Exceptions
Neone
Encoding
l 0000 | dest | 1100 l src | AND Rdest,Rsrc
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ANDS3

AND3

Instruction
AND3 Rdest,Rsrc, #imml6
Function
Rdest = Rsrc & (unsigned short)immlé
Description
ANDS3 computes the logical AND of the corresponding bits of Rsrc and the 16-bit
immediate value, with zero-extended from 16-bits to 32-bits and puts the result in
Rdest.
The condition bit, C, is unchanged.
Exceptions
None
Encoding
l 1000 I dest [ 1100 l src l imml6 AND3 Rdest,Rsrc, #imml6
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BC

BC

Instruction

Function

Description

Exceptions

Encoding

BC Label
(1) BC disp8
(2) BC disp24

]

(PC & Oxfffffffc)+(((signed char)disp8)<< 2)
(PC & Oxfffffffc)+(sign_extend(disp24)<< 2)

(1) if (C==1) PC
(2) if (C==1) PC

where :

#define sign_extend(x) (((signed) ((x)<< 8))>> 8)

BC branches to the specified label when the condition bit C is 1

There are two instruction formats; which allows software, such as an assembiler,
the decision on the better format.

The condition bit, C, is unchanged.

None
| 0111 | 1100 |  disp8 BC disp8
| 1111 | 1100 | disp24 BC disp24
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BEQ

BEQ

Instruction

BEQ Rsrcl,Rsrc2, Label

Function '
if (Rsrcl==Rsrc2) PC = (PC & Oxfffffffc)+(((signed short)displ6)<< 2)
Description
BEQ branches to the specified label when Rsrc1 is equal to Rsrc2.
The condition bit, C, is unchanged.
Exceptions
None
Encoding
| 1011 l srcl {70000 I src2 I displé6 BEQ Rsrcl,Rsrc2,displé
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BEQZ

BEQZ

Instruction

Function

Description

Exceptions

Encoding

BEQZ Rsrc, Label

if (Rsrc==0) PC = (PC & Oxfffffffc)+(((signed short)displ6)<< 2)

BEQZ branches to the specified label when Rsrc is equal to zero

The condition bit, C, is unchanged.

None

| 1011 | 0000 | 1000 | src | displ6 BEQZ Rsrc,displé
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BGEZ

BGEZ

Instruction

Function

Description

BGEZ Rsrc, Label

if ((signed)Rsrc>=0)
PC = (PC & Oxfffffffc)+(((signed short)displ6)<< 2)

BGEZ branches to the specified label when the contents of Rsrc, treated as a
signed 32-bit value, are greater than or equal to zero

The condition bit, C, is unchanged.

Exceptions

None
Encoding

| 1011 | o000 | 1021 | sxc | displ6 BGEZ Rsrc,displ6
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A.2 Detail Description of Instructions

BGTZ

BGTZ

Instruction

Function

Description

Exceptions

Encoding

BGTZ Rsrc, Label

if ((signed)Rsrc>0)
PC = (PC & Oxfffffffc)+(((signed short)displ6)<< 2)

BGTZ branches to the specified label when the contents of Rsrc, treated as a
signed 32-bit value, are greater than zero

The condition bit, C, is unchanged.

None

| 1011 | o000 | 1101 | src | displé BGTZ Rsrc,displ
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BL

BL

Instruction
BL Label
(1) BL disp8
(2) BL disp24

Function
(1) R14 = (PC & Oxfffffffc)+4
PC = (PC & Oxfffffffc)+(((signed char)disp8)<< 2)
(2) R14 = (PC & Oxfffffffc)+4
PC = (PC & Oxfffffffc)+(sign_extend(disp24)<< 2)
where :

#define sign_extend(x) (((signed) ((x)<< 8))>> 8)

Description

BL branches unconditionally to the address specified by the label and puts the
return address in R14

There are two instruction formats; which allows software, such as an assembler,
the decision on the better format.

The condition bit, C, is unchanged.

Exceptions
None
Encoding
| 0111 | 1110 | aisp8 | BL disp8
| 1111 | 1110 | disp24 BL disp24
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BLEZ

BLEZ

Instruction

Function

Description

Exceptions

Encoding

BLEZ Rsrc, Label

if ((signed)Rsrc<=0)
PC = (PC & Oxfffffffc)+(((signed short)displ6)<< 2)

BLEZ branches to the specified label when the contents of Rsrc, treated as a
signed 32-bit vaiue, are less than or equal to zero

The condition bit, C, is unchanged.

None

| 1011 | 0000 | 1100 | src | displ BLEZ Rsrc,displ6
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BLTZ

BLTZ

Instruction
BLTZ Rsrc,Label

Function
if ((signed)Rsrc<0)

PC = (PC & Oxfffffffc)+(((signed short)displ6)<< 2)

Description

BLTZ branches to the specified label when the contents of Rsrc, treated as a
signed 32-bit value, are less than zero

The condition bit, C, is unchanged.

Exceptions

None

Encoding

| 1011 | 0000 | 1020 | src | displ6 BLTZ Rsrc,displé

96 M32R Family User's Manual



A.2 Detail Description of Instructions

BNC

BNC

Instruction

Function

» Description

Exceptions

Encoding

BNC Label
(1) BNC disp8
(2) BNC disp24

(1) if (C==0) PC = (PC & Oxfffffffc)+(((signed char)disp8)<< 2)
(2) if (c==0) PC (PC & Oxfffffffc)+(sign_extend(disp24)<< 2)

where :

#define sign_extend(x) (((signed) ((x)<< 8))>> 8)

BNC branches to the specified label when the condition bit, C, is 0

There are two instruction formats; which allows scoftware, such as an assembler,
the decision on the better format.

The condition bit, C, is unchanged.

None
[ o111 | 1201 | aisps BNC disp8
| 1111 | 1101 | disp24 BNC disp24
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BNE

BNE

Instruction
BNE Rsrcl,Rsrc2, Label
Function
if (Rsrcl!=Rsrc2) PC = (PC & Oxfffffffc)+(((signed short)displ6)<< 2)
Description
BNE branches to the specified label when Rsrc1 is not equal to Rsrc2
The condition bit, C, is unchanged.
Exceptions
None
Encoding
i 1011 ‘ srcl l 0001 I src2 ] displé BNE Rsrcl,Rsrc2,displ6
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BNEZ

BNEZ

Instruction
BNEZ Rsrc, Label

Function

if (Rsrc!=0) PC = (PC & Oxfffffffc)+(((signed short)displé)<< 2)

Description

BNEZ branches to the specified label when Rsrc is not equal to zero

The condition bit, C, is unchanged.

Exceptions

None

Encoding

| 1011 | oooo | 1001 | src | displ6 BNEZ Rsrc,displé
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A.2 Detail Description of Instructions

BRA

BRA

Instruction
BRA Label
(1) BRA disp8
(2) BRA disp24
Function
(1) PC = (PC & Oxfffffffc)+(((signed char)disp8)<< 2)
(2) PC = (PC & Oxfffffffc)+(sign_extend (disp24)<< 2)
where
#define sign_extend(x) (((signed) ((x)<< 8))>> 8)
Description
BRA branches unconditionally to the address specified by the label
There are two instruction formats; which allows software, such as an assembler,
the decision on the better format.
The condition bit, C, is unchanged.
Exceptions
None
Encoding
[ 0111 | 1111 |  disp8 BRA disp8
| 1211 | 1111 | disp24 BRA disp24
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A.2 Detail Description of Instructions

CMP

CMP

Instruction
CMP Rsrcl,Rsrc2

Function
C = ((signed)Rsrcl < (signed)Rsrc2) ? 1:0

Description

The condition bit, C, is set when Rsrc1 is less than Rsrc2. The operands are
treated as signed 32-bit values.

Exceptions

None

Encoding

| 0000 | srcl | 0100 I src2 ] CMP Rsrcl,Rsrc2
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A.2 Detail Description of Instructions

CMPI

CMPI

Instruction
CMPI Rsrc, #immlé

Function
C = ((signed)Rsrc < (signed short)immlé) 2 1:0

Description

The condition bit, C, is set when Rsrc is less than 16-bit immediate value. The
operands are treated as signed 32-bit values. The immediate value is sign-
extended to 32-bit before the operation.

Exceptions

None

Encoding

| 1000 | 0000 | 0100 | src | inn16 CMPT Rsrc, #inml6
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A.2 Detail Description of Instructions

CMPU

CMPU

Instruction

Function

Description

Exceptions

Encoding

CMPU Rsrcl,Rsrc2

C = ((unsigned)Rsrcl < (unsigned)Rsrc2) ? 1:0

The condition bit, C, is set when Rsrc1 is less than Rsrc2. The operands are
treated as unsigned 32-bit values.

None

| 0000 | srcl | 0101 l src2 | CMPU Rsrcl,Rsrc2
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A.2 Detail Description of Instructions

CMPUI

CMPUI

Instruction
CMPUI Rsrc, #immlé6
Function
C = ((unsigned)Rsrc < (unsigned) ( (signed short)immlé)) 2 1:0
Description
The condition bit, C, is set when Rsrc is less the than 16-bit immediate value.
The operands are treated as unsigned 32-bit values. The immediate value is sign-
extended the 32-bit before the operation.
Exceptions
None
Encoding
| 1000 | 0000 | 0101 | sze | inml6 CMPUI Rsrc, #imnl6
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A.2 Detail Description of Instructions

DIV

DIV

Instruction
Function

Description

Exceptions

Encoding

DIV Rdest,Rsrc

Rdest = (signed)Rdest / (signed)Rsrc

DIV divides Rdest by Rsrc and puts the quotient in Rdest

The operands are treated as signed 32-bit values and the result is rounded toward
zero.

The condition bit, C, is unchanged.

When Rsrc is zero, Rdest is unchanged.

None

| 1001 | dest | 0000 | src | 0 DIV Rdest,Rsrc
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A.2 Detail Description of Instructions

DIVU

DIVU

Instruction
DIVU Rdest,Rsrc

Function
Rdest = (unsigned)Rdest / (unsigned)Rsrc
Description v
DIVU divides Rdest by Rsrc and puts the quotient in Rdest
The operands are treated as unsigned 32-bit values and the result is rounded
toward zero.
The condition bit, C, is unchanged.
When Rsrc is zero, Rdest is unchanged.
Exceptions
None
Encoding
| 1001 | dest | 0001 | src | 0 DIVU Rdest,Rsrc
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A.2 Detail Description of Instructions

JL

JL

Instruction

JL Rsrc
Function
R14 = (PC & Oxfffffffc)+4
PC = Rsrc & Oxfffffffc
Description
JL unconditionally jumps to the location specified by Rsrc and puts the return
address in R14
The condition bit, C, is unchanged.
Exceptions
None
Encoding

| 0001 | 1110 | 1100 | sre | L Rsre
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A.2 Detail Description of Instructions

JMP

JMP

Instruction
JMP Rsrc

Function
PC = Rsrc & Oxfffffffc

Description

JMP unconditionally jumps to the location specified by Rsrc

The condition bit, C, is unchanged.

Exceptions
None

Encoding

| 0001 | 1111 | 1100 | sre | oMp Rsrc
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A.2 Detail Description of Instructions

LD

LD

Instruction

Function

Description

Exceptions

Encoding

(1) LD Rdest,@Rsrc
(2) LD Rdest,@Rsrc+
(3) LD Rdest, @(displ6,Rsrc)

(1) Rdest = *(int *)Rsrc
(2) Rdest = *(int *)Rsrc, Rsrc += 4
(3) Rdest = *(int *) (Rsrc + (signed short)displé)

(1) The contents of the word at the memory location specified by Rsrc are loaded
into Rdest

(2) The contents of the word at the memory location specified by Rsrc are loaded
into Rdest

Rsrc is post incremented by 4. When Rsrc and Rdest are same register, the
result of the operation is undefined.

(8) The contents of the word at the memory location specified by Rsrc and the 16-
bit displacement are loaded into Rdest

The displacement value is sign-extended before the address calculation.

The condition bit C is unchanged.

Address Exception

| 0010 | dest | 1100 | szc | 1D Rdest,@Rszc

| 0010 | dest ] 1110] src | LD Rdest,@Rsrc+

| 1010 | dest | 1100 | src | displé LD Rdest,@(displé,Rszc)
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A.2 Detail Description of Instructions

LD24

LD24

Instruction
LD24 Rdest, #imm24
Function
Rdest = imm24 & OxQOffffff
Description
LD24 loads the 24-bit immediate value into Rdest
‘ The immediate value is zero-extended.
The condition bit, C, is unchanged.
Exceptions
None
Encoding
| 1110 | dest | imn24

LD24 Rdest, #imm24
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A.2 Detail Description of Instructions

LDB

LDB

Instruction
Function

Description

Exceptions

Encoding

(1) LDB Rdest,@Rsrc
(2) LDB Rdest,@(displ6,Rsrc)

(1) Rdest = *(signed char *)Rsrc
(2) Rdest = *(signed char *) (Rsrc + (signed short)displé)

(1) LDB sign-extends the contents of the byte at the memory location specified by
Rsrc and loads them into Rdest.

(2) LDB sign-extends the contents of the byte at the memory-location specified by
Rsrc and the 16-bit displacement and loads them into Rdest

The displacement value is sign-extended before the address calculation.

The condition bit, C, is unchanged.

None
! 0010 | dest l 1000 I src l LDB Rdest,@Rsrc
| 1010 | dest | 1000 | src | displ6 LDB Rdest,@(displ6,Rsrc)

Appendix A The M32R Instruction Set 111



A.2 Detail Description of Instructions

LDH

LDH

Instruction

(1) LDH Rdest,@Rsrc
(2) LDH Rdest, @(displ6,Rsrc)

Function
(1) Rdest = *(signed short *)Rsrc
(2) Rdest = *(signed short *) (Rsrc + (signed short)displé6)
Description
(1) LDH sign-extends the contents of the halfword at the memory location specified
by Rsrc and loads them into Rdest.
(2) LDH sign-extends the contents of the halfword at the memory location specified
by Rsrc with the 16-bit displacement and loads them into Rdest
The displacement value is sign-extended before the address calculation.
The condition bit, C, is unchanged.
Exceptions
Address Exception
Encoding
I 0010 l dest l 1010 l src l LDH Rdest,@Rsrc
| 1010 | dest | 1020 | src | displé LDH Rdest, @ (displ6,Rsrc)
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A.2 Detail Description of Instructions

LDI

LDI

Instruction
(1) LDI Rdest, #imm8
(2) LDI Rdest,#immlé6
Function
(1) Rdest = (signed char)imm8
(2) Rdest =

(signed short)immlé

Description

(1) LDI loads the 8-bit immediate value into Rdest
The immediate value is sign-extended.

(2) LDI loads the 16-bit immediate value into Rdest
The immediate value is sign-extended.

The condition bit, C, is unchanged.

Exceptions
None
Encoding
| 0110 | dest | imm8 | LDI Rdest,#immg
| 1001 | dest | 1111 | 0000 | innl6 LDI Rdest, #imnl6
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A.2 Detail Description of Instructions

LDUB

LDUB

Instruction
(1) LDUB Rdest, @Rsrc
(2) LDUB Rdest,@(displ6,Rsrc)
Function
(1) Rdest = *(unsigned char *)Rsrc
(2) Rdest = *(unsigned char *) (Rsrc + (signed short)displé)
Description
(1) LDUB zero-extends the contents of the byte at the memory location specified
by Rsrc and loads them into Rdest
(2) LDUB zero-extends the contents of the byte at the memory location specified
by Rsrc with the 16-bit displacement and loads them into Rdest
The displacement value is sign-extended before address calculation.
The condition bit, C, is unchanged.
Exceptions
None
Encoding
l 0010 I dest I 1001 I src | LDUB Rdest,@Rsrc
| 1010 | dest | 1001 | src | displ6 LDUB Rdest, @ (displ6,Rsxc)
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A.2 Detail Description of Instructions

LDUH

LDUH

Instruction

Function

Description

Exceptions

Encoding

(1) LDUH Rdest,@Rsrc
(2) LDUH Rdest,@(displé,Rsrc)

i

(1) Rdest
(2) Rdest

* (unsigned short *)Rsrc

1

* (unsigned short *) (Rsrc + (signed short)displé6)

(1) LDUH zero-extends the contents of the halfword at the memory location
specified by Rsrc and loads them into Rdest

(2) LDUH zero-extends the contents of the halfword at the memory location
specified by Rsrc with the 16-bit displacement and loads them into Rdest

The displacement value is sign-extended before the address calculation.

The condition bit, C, is unchanged.

Address Error

I 0010 | dest | 1011 | src | LDUH Rdest,@Rsrc

| 1010 [ dest I 1011 ‘ src 1 displé LDUH Rdest,@(displ6,Rsxc)
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A.2 Detail Description of Instructions

LOCK

LOCK

Instruction
LOCK Rdest,@Rsrc

Function
LOCK = 1, Rdest = *(int *)Rsrc

Description
The contents of the word at the memory location specified by Rsrc are loaded into
Rdest.
This instruction, in addition to doing a simple load, has the effect of setting a
LOCK bit.
When the LOCK bit is 1, external bus master access is not accepted.
The LOCK bit is cleared by executing UNLOCK instruction.
* The LOCK bit is CPU internal signal. The user cannot access this bit.
The condition bit, C, is unchanged.

" Exceptions

Address Exception

Encoding

| 0010 | dest | 1101 | sxc | Lock Rdest,GRszc
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A.2 Detail Description of Instructions

MACHI

MACHI

Instruction

Function

Description

Exceptions

Encoding

MACHI Rsrcl,Rsrc2

accumulator += ((signed) (Rsrcl & Oxffff0000) * (signed short) (Rsrc2
>> 16))

MACHI multiplies the high-order 16 bits of Rsrc1 and the high-order 16 bits of
Rsrc2, then adds the result to the low-order 56 bits in the accumulator

However, the LSB of the result of the multiplication is aligned with bit 47 in the
accumulator, and the portion corresponding to bits 8 through 15 of the accumulator
is sign-extended before the addition. The result of the addition is stored in the
accumulator. The high-order 16 bits of Rsrc1 and Rsrc2 are treated as signed
values.

The condition bit, C, is unchanged.

0 16 31
: ]Rsrc1

| Rsrc2

Sign extension [<_L

0 ]Result of the multiplication

Value in accumulator before the
= execution of the MACHI instruction

Value in accumulator after the
execution of the MACH! instruction

16 32 48 63

None

| 0011 | srel | 0100 | src2 |  MACHI Rsrel,Rszc?
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A.2 Detail Description of Instructions

MACLO

MACLO

Instruction
MACLO Rsrcl,Rsrc2

Function

accumulator += ((signed) (Rsrcl << 16) * (signed short)Rsrc2)

Description

MACLO multiplies the low-order 16 bits of Rsrc1 and the low-order 16 bits of
Rsrc2, then adds the result to the low order 56 bits in the accumulator

However, the LSB of the result of the multiplication is aligned with bit 47 in the
accumulator, and the portion corresponding to bits 8 through 15 of the accumulator
is sign extended before the addition. The result of the addition is stored in the
accumulator. The low-order 16 bits of Rsrc1 and Rsrc2 are treated as signed
values.

The condition bit, C, is unchanged.

Sign extension

0 lResuI! of the multiplication

Value in accumulator before the
execution of the MACLO instruction

+

Value in accumulator after the

exacution of the MACLO instruction

Sign extension | :
0 8 16 32 48 63

Exceptions

None

Encoding

l 0011 I srcl i 0101 | src2 l MACLO Rsrcl,Rsrc2
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A.2 Detail Description of Instructions

Instruction
MACWHI Rsrcl,Rsrc2
Function
accumulator += ((signed)Rsrcl * (signed short) (Rsrc2 >> 16))
Description
MACWHI multiplies the 32 bits of Rsrc1 and the high-order 16 bits of Rsrc2, then
adds the result to the low-order 56 bits in the accumulator
However, the LSB of the result of the multiplication is aligned with the LSB of the
accumulator, and the portion corresponding to bits 8 through 15 of the accumulator
is sign extended before the addition. The result of the addition is stored in the
accumulator. The 32 bits of Rsrc1 and Rsrc2 are treated as signed values.
The condition bit, C, is unchanged.
Result of the multiplication
Value in accumulator before the
execution of the MACWHI instruction
Sign extensio Value in accumuiator after the
execution of the MAWHI instruction
0 8 16 32 48 63
Exceptions
None
Encoding

l 0011 ] srcl | 0110 l src2 | MACWHI Rsrcl,Rsrc2
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A.2 Detail Description of Instructions

MACWLO

MACWLO

Instruction
MACWLO Rsrcl,Rsrc2

Function

accumulator += ((signed)Rsrcl * (signed short)Rsrc2)

Description

MACWLO multiplies the 32 bits of Rsrc1 and the low-order 16 bits of Rsrc2, then
adds the result to the low-order 56 bits in the accumulator

However, the LSB of the result of the multiplication is aligned with the LSB of the
accumulator, and the portion corresponding to bits 8 through 15 of the accumulator
is sign-extended before the addition. The result of the addition is stored in the
accumulator. The 32 bits Rsrc1 and the low-order 16 bits of Rsrc2 are treated as
signed values.

The condition bit, C, is unchanged.

0 16 31

Sign extension :{Result of the multiplication

alue in accumulator before the
< execution of the MACWLO instruction

Sign extension alue in accumulator after the

= execution of the MACWLO instruction

0 8 16 32 48 63

Exceptions

None

Encoding

l 0011] srcl l 0111 | src2 I MACWLO Rsrcl,Rsrc2
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A.2 Detail Description of Instructions

MUL

MUL

Instruction

Function

Description

Exceptions

Encoding

MUL Rdest,Rsrc

{ signedé64bit tmp

tmp = (signed64bit)Rdest * (signed64bit)Rsrc
Rdest = (int)tmp

}

MUL multiplies Rdest by Rsrc and puts the result in Rdest
The operands are treated as signed values.

The condition bit, C, is unchanged. The contents of the accumulator may be
broken by this instruction.

None

| 0001 | dest | 0110 | src 1 MUL Rdest,Rsrc
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A.2 Detail Description of Instructions

MULHI

MULHI

Instruction
MULHI Rsrcl,Rsrc2

Function

accumulator = ((signed) (Rsrcl & Oxffff0000) * (signed short) (Rsrc2
>> 16))

Description

MULHI multiplies the high-order 16 bits of Rsrc1 and the high-order 16 bits of
Rsrc2, and stores the result in the accumulator

However, the LSB of the result of the multiplication is aligned with bit 47 in the
accumulator, and the portion corresponding to bits 0 through 15 of the accumulator
is sign extended. Bits 48 through 63 of the accumulator are cleared (zero). The
high-order 16 bits of Rsrc1 and Rsrc2 are treated as signed values.

The condition bit, C, is unchanged.

Rsrct

]Rsrcz

Sign extension Value in accumulator after the

0 5 1 A v v 63exec:ution of the MULHI instruction

Exceptions
None

Encoding

| 0011 | srcl | 0000 | src2 |  MULHI Rsrel,Rsze2
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A.2 Detail Description of Instructions

MULLO

MULLO

Instruction
MULLO Rsrcl,Rsrc2

Function

accumulator = ((signed) (Rsrcl << 16) * (signed short)Rsrc2)

Description

MULLO multiplies the low-order 16 bits of Rsrc1 and the low-order 16 bits of
Rsrc2, and stores the result in the accumulator

However, the LSB of the result of the multiplicatioh is aligned with bit 47 in the
accumulator, and the portion corresponding to bits 0 through 15 of the accumulator
is sign extended. Bits 48 through 63 of the accumulator are cleared (zero). The
low-order 16 bits of Rsrc1 and Rsrc2 are treated as signed values.

The condition bit, C, is unchanged.

Sign extension Value in accumulator after the

execution of the MULLO instruction

0 8 16 32 48 63

Exceptions

None

Encoding

| 0011 I srcl | 0001 I src2 | MULLO Rsrcl,Rsrc2
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A.2 Detail Description of Instructions

MULWHI

MULWHI

Instruction
MULWHI Rsrcl,Rsrc2

Function

accumulator = ((signed)Rsrcl * (signed short) (Rsrc2 >> 16))

Description

MULWHI muttiplies the 32 bits of Rsrc1 and the high-order 16 bits of Rsrc2, and
stores the result in the accumulator.

However, the LSB of the result of the multiplication is aligned with the LSB of the
accumulator, and the portion corresponding to bits 0 through 15 of the accumulator
is sign extended. The 32 bits of Rsrc1 and high-order 16 bits of Rsrc2 are treated
as signed values.

The condition bit, C, is unchanged.

4 Rsrct

Rsrc2

1 Value in accumulator after the

0 8 16 32 48 6‘sexecu!ion of the MULWHI instruction

Sign extension

Exceptions

None

Encoding

‘ 0011] srcl I 0010 | src2 I MULWHI Rsrcl,Rsrc2
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A.2 Detail Description of Instructions

MULWLO

MULWLO

Instruction
Function

Description

Exceptions

Encoding

MULWLO Rsrcl,Rsrc2

accumulator = ((signed)Rsrcl * (signed short)Rsrc2)

MULWLO multiplies the 32 bits of Rsrc1 and the low-order 16 bits of Rsrc2, and
stores the result in the accumulator

However, the LSB of the result of the multiplication is aligned with the LSB of the
accumulator, and the portion corresponding to bits 0 through 15 of the accumulator
is sign extended. The 32 bits of Rsrc1 and low-order 16 bits of Rsrc2 are treated
as signed values. '

The condition bit, C, is unchanged.

Sign extension | <———1} Value in accumulator after the
o = =~ axecution of the MULWLO instruction

8 16 32 48 63

None

| 0011 | srel | 0011 | src2 |  MULWLO Rsrel,Rsrc2
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A.2 Detail Description of Instructions

MV

MV

Instruction
MV Rdest,Rsrc

Function

Rdest = Rsrc

Description

MV moves the contents of Rsrc to the destination register Rdest.

The condition bit, C, is unchanged.

Exceptions

None

Encoding

‘ 0001 ‘ dest ‘ 1000 17 src ] MV Rdest,Rsrc
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A.2 Detail Description of Instructions

MVFACHI

MVFACHI

Instruction
MVFACHI Rdest
Function
Rdest = (int) (accumulator >> 32)
Description
MVFACHI moves the high-order 32-bit data in the accumulator to the destination
register Rdest.
The condition bit, C, is unchanged.
Exceptions
None
Encoding

| 0101 | dest | 1111 | 0000 |  MVFACHI Rdest

Appendix A The M32R Instruction Set 127



A.2 Detail Description of Instructions

MVFACLO

MVFACLO

Instruction
MVFACLO Rdest
Function
Rdest = (int)accumulator
Description
MVFACLO moves the low-order 32-bit data in the accumulator to the destination
register Rdest
The condition bit, C, is unchanged.
Exceptions
None
Encoding

| 0101 | dest | 1111 | 0001 | MVFACLO Rdest
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A.2 Detail Description of Instructions

MVFACMI

MVFACMI

Instruction
MVFACMI Rdest
Function
Rdest = (int) (accumulator >> 16)
Description
MVFACMI moves the bit16-bit47 data in the accumulator to the destination register
Rdest.
The condition bit, C, is unchanged.
Exceptions
None
Encoding

| 0101 | dest | 1111 | 0010 | MVFACMI Rdest
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A.2 Detail Description of Instructions

MVEFC

MVFC

Instruction
MVFC Rdest,CRsrc

Function
Rdest = CRsrc
Description
MVFC moves the contents of the control register CRsrc to the destination register
Rdest
The condition bit, C, is unchanged.
Exceptions
None
Encoding
| 0001 | dest | 1001 | src | MVEC Rdest, CRszc
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A.2 Detail Description of Instructions

MVTACHI

MVTACHI

Instruction
MVTACHI Rsrc

Function

accumulator[0:31] = Rsrc

Description

MVTACHI moves the contents of Rsrc to high-order 32-bit in the accumulator
[0:31]

The condition bit, C, is unchanged.

Exceptions

None

Encoding

| 0101 | src | 0111 | 0000 | MVTACHI Rsrc
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A.2 Detail Description of Instructions

MVTACLO

MVTACLO

Instruction

MVTACLO Rsrc
Function

accumulator(32:63] = Rsrc
Description

MVTACLO moves the contents of Rsrc to low-order 32-bit in the accumulator.

The condition bit, C, is unchanged.

Exceptions

None

Encoding

| 0101 | szc | 0111 | 0001 | MVTACLO Rsrc

132 M32R Family User's Manual



A.2 Detail Description of Instructions

MVTC

MVTC

Instruction

Function

Description

Exceptions

Encoding

MVTC Rsrc,CRdest

CRdest = Rsrc

MVTC moves the contents of Rsrc to the destination control register CRdest

If CRdest specifies the PSW(CRO0), the condition bit, C, is changed; otherwise it is
unchanged.

None

[45001 ] dest ' 1010 | src ] MVTC Rsrc,CRdest
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A.2 Detail Description of Instructions

NEG

NEG

Instruction
NEG Rdest,Rsrc

Function
Rdest = 0 - Rsrc

Description

NEG negates (changes the sign of) the contents of Rsrc, treated as a signed 32-
bit value, and puts the result in Rdest

The condition bit, C, is unchanged.

Exceptions

None

Encoding

I 0000 | dest ] 0011 } src l NEG Rdest,Rsrc
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A.2 Detail Description of Instructions

NOP

NOP

Instruction
NOP

Function
/* */

Description

This instruction does not change the state of the machine and takes one cycle to
execute.

Exceptions
None

Encoding

| 0111 | 0000 | 0000 | 0000 | Noe
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A.2 Detail Description of Instructions

NOT

NOT

Instruction
NOT Rdest,Rsrc

Function
Rdest = ~Rsrc

Description

NOT inverts each of the bits of the contents of Rsrc and puts the result in Rdest.

The condition bit, C, is unchanged.

Exceptions
None

Encoding

| 0000 ' dest , 1011 | src l NOT Rdest,Rsrc
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A.2 Detail Description of Instructions

OR

OR

Instruction
OR Rdest,Rsrc

Function
Rdest = Rdest | Rsrc
Description
OR computes the logical OR of the corresponding bits of Rdest and Rsrc and puts
the result in Rdest.
The condition bit, C, is unchanged.
Exceptions
None
Encoding
| 0000 | dest | 1110 | src | OR Rdest,Rsrc
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A.2 Detail Description of Instructions

Instruction
OR3 Rdest,Rsrc, #immlé
Function
Rdest = Rsrc | (unsigned short)immlé
Description
OR3 computes the logical OR of the corresponding bits of Rsrc and the 16-bit
immediate value, which is zero-extended from 16-bits to 32-bits, and puts the
result in Rdest.
The condition bit, C, is unchanged.
Exceptions
None
Encoding
| 1000 | dest | 1110 | src | inml6 OR3 Rdest, Rszc, fimml6
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A.2 Detail Description of Instructions

RAC

RAC

Instruction

Function

Description

RAC

{ signedé64bit tmp
if( 0x0000 3fff ffff 8000 =< accumulator )

tmp

0x0000 3fff ffff 8000

else 1f( accumulator =< Oxffff <000 0000 0000 )

tmp = Oxffff cO000 0000 0000

else {
tmp = accumulator + 0x0000 0000 0000 4000
tmp = tmp & Oxffff ffff f£f£ff 8000

}

accumulator = tmp << 1

}

RAC rounds the value in the accumulator to one word size and stores the result in
the accumulator

This instruction is executed in two steps, as shown following.

The condition bit, C, is unchanged.

Step1 :

Value in the accumulator is changed according to bit8 through bit63.

r 8 16 32 48 63
A 7F FFFF Fl-.'FF FFFF 7 8 63
positive : H> (00 ] 3FFF | FFFF | 8000 |
value
00 3FFF FFFF 8000 | 4849
Z |8 \ 63
00 3FFF FFFF 7FFF .
: > L | | [ o |
: If bit 49 is 0, there is no carry.
—— 00 0000 0000 0000 1 I bit 43 is 1 . the bit is carried.
Bits 49 to 63 are cleared (zero).
FF BFFF FFFF FFFF | | 8 48 63
FF €000 0000 0000 -] 0000 |
negative 8 63
value : H | FF] cooo | oooo | o0ooo0 |
¥ 80 0000 0000 0000 |
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A.2 Detail Description of Instructions

Step2 :
8 16 32 48 63
0
1-bit shift to the left
T—) Value in the accumulator after the
Sign extension g 0 execution of the RAC instruction
0 8 16 32 4748 3
Exceptions
None
Encoding

| 0101 | 0000 | 1001 | 0000 | Rac

140 M32R Family User's Manual
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RACH

RACH

Instruction

RACH
Function
{ signed64bit tmp
if( 0x0000 3fff 8000 0000 =< accumulator )
tmp = 0x0000 3fff 8000 0000
else if( accumulator =< Oxffff <000 0000 0000 )
tmp = Oxffff c000 0000 0000
else {
tmp = accumulator + 0x0000 0000 4000 0000
tmp = tmp & Oxffff ffff 8000 0000
}
accumulator = tmp << 1
}
Description

RACH rounds the value in the accumulator to a halfword size and stores the result
in the accumulator. This instruction is executed in two steps, as shown below.

The condition bit C is unchanged.
Step1:

Value in the accumulator is changed according through bit8 to bit63.
48 63

A F FFFF FFFF FFFF ") 8 63
positive " > [00 | 3FFF | 8000 | 0000 |
value :
00 3FFF 8000 0000 _|] . 3%?3 63
00 3FFF 7FFF FFFF - J
: bl [ T 0 ]
- H If bit 33 is O, there is no carry.
—t— 00 0000 0000 0000 l If bit 33 is 1, the bit is carried.
Bits 33 to 63 are cleared (zero).
FF BFFF FFFF FFFF _| 83
"FF €000 0000 0000 "] | 0000 ]
negative § 8 63
value : —» | FF| cooo | oooo | oooo |
80 0000 0000 0000 _]
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Step2:
48 63
0 o |
" . Value in the accumulator after the
Sign extensmn[ n l execution of the RACH instruction
0 8 16 3132 48
Exceptions
None
Encoding

| 0101 | 0000 | 1000 | 0000 |  RacH
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REM

REM

Instruction
Function

Description

Exceptions

Encoding

REM Rdest,Rsrc

Rdest = (signed)Rdest % (signed)Rsrc

REM divides Rdest by Rsrc and puts the quotient in Rdest. The operands are
treated as signed 32-bit values

The quotient is rounded toward zero and the quotient takes the same sign as the
dividend.

The condition bit, C, is unchanged.

When Rsre is zero, Rdest is unchanged.

None

l 1001 | dest | 0010 | src I 0 REM Rdest,Rsrc
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REMU

REMU

Instruction
REMU Rdest,Rsrc
Function
Rdest = (unsigned)Rdest % (unsigned)Rsrc
Description
REMU divides Rdest by Rsrc and puts the quotient in Rdest
The operands are treated as unsigned 32-bit values.
The condition bit C is unchanged.
When Rsrc is zero, Rdest is unchanged.
Exceptions
None
Encoding
I 1001 | dest l 0011 l src I 0 REMU Rdest,Rsrc
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RTE

RTE

Instruction

RTE
Function
SM = BSM
IE = BIE
C = BC
PC = BPC & Oxfffffffc
Description
RTE restores the BSM, BIE and BC bits of the PSW into the SM, IE and C bits,
and jumps to the location specified by BPC
Exceptions
None
Encoding

| 0001 | oooo | 1101 | 0110 | mE
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SETH

SETH

Instruction
SETH Rdest, #immlé6

Function
Rdest = (short)immlé << 16

Description

SETH loads the immediate value into the sixteen most significant bits of Rdest
The sixteen least significant bits are set to zero.

The condition bit, C, is unchanged.

Exceptions
None

Encoding

| 1201 | dest | 1100 | 0000 | inn16 SETH Rdest, #imml6
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SLL

SLL

Instruction
SLL Rdest,Rsrc

Function
Rdest = Rdest << (Rsrc & 31)
Description
SLL left-shifts Rdest by the number of bits specified by Rsrc, shifts zeroes into the
least significant bit and puts the result in Rdest
Only the five least significant bits of Rsrc are used as the shift amount.
The condition bit, C, is unchanged.
Exceptions
None
Encoding
‘ 0001 [ dest | 0100 | src l SLL Rdest,Rsrc
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SLL3

SLL3

Instruction
SLL3 Rdest,Rsrc, #immlé

Function
Rdest = Rsrc << (immlé & 31)

Description

SLL3 left-shifts Rsrc by the amount specified by the 16-bit immediate value, shifts
zeroes into the least significant bits and puts the result in Rdest

Only the five least significant bits are used as the shift amount.

The condition bit, C, is unchanged.

Exceptions

None

Encoding

| 1001 | dest | 1100 | sre | inm16 SLL3 Rdest, Rsrc, #imml6
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SLLI

SLLI

Instruction
SLLI Rdest, #imm5

Function
Rdest = Rdest << (imm5 & 31)
Description
SLLI left-shifts Rdest by the amount specified by the 5-bit immediate value, shifts
zeroes into the least significant bits and puts the result in Rdest
The condition bit, C, is unchanged.
Exceptions
None
Encoding
| 0101 | dest |010| imm5 | SLLI Rdest,#imnS
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SRA

SRA

Instruction
SRA Rdest,Rsrc

Function
Rdest = (signed)Rdest >> (Rsrc & 31)

Description
SRA right-shifts Rdest by the amount specified by Rsrc, replicates the sign bit of
Rdest in the most significant position and puts the result in Rdest
Only the five least significant bits are used as the shift amount.
The condition bit, C, is unchanged.

Exceptions
None

Encoding
| 0001 | dest | 0010 | src | SRA Rdest,Rsrc
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SRA3

SRA3

Instruction

Function

Description

Exceptions

Encoding

SRA3 Rdest,Rsrc, #imml6

Rdest = (signed)Rsrc >> (imml6 & 31)

SRAS right-shifts Rsrc by the amount specified by the 16-bit immediate value,
replicates the sign bit of Rsrc in the most significant bit and puts the result in
Rdest

Only the five least significant bits are used as the shift amount.

The condition bit, C, is unchanged.

None

| 1001 | dest | 1010 | szc | inml6 SRA3 Rdest,Rsrc, #irml6
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SRAI

SRAI

Instruction
SRAI Rdest, #imm5

Function
Rdest = (signed)Rdest >> (imm5 & 31)

Description

SRAI right-shifts Rdest by the amount specified by the 5-bit immediate value,
replicates the sign bit of Rdest in the most significant position and puts the result
in Rdest

The condition bit, C, is unchanged.

Exceptions

None

Encoding

| 0101 | dest |001| imnS | SRAI Rdest,#imms
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SRL

SRL

Instruction
Function

Description

Exceptions

Encoding

SRL Rdest,Rsrc

Rdest = (unsigned)Rdest >> (Rsrc & 31)

SRL right-shifts Rdest by the amount specified by Rsrc, shifts zeroes into the most
significant bits and puts the result in Rdest

Only the five least significant bits of Rsrc are used as the shift amount.

The condition bit, C, is unchanged.

None

l 0001 | dest ’ 0000 | src ' SRL Rdest,Rsrc
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SRL3

SRL3

Instruction
SRL3 Rdest,Rsrc, #immlé

Function

Rdest = (unsigned)Rsrc >> (immlé & 31)

Description

SRL3 right-shifts Rsrc by the amount specified by the 16-bit immediate value,
shifts zeroes into the most significant bits and puts the result in Rdest. Only the
five least significant bits of the immediate value are used as the shift amount.

The condition bit, C, is unchanged.

Exceptions

None

Encoding

| 1001 | dest | 1000 | src | inm16 SRL3 Rdest,Rsrc, #imnl6
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SRLI

SRLI

Instruction
SRLI Rdest, #imm5S

Function
Rdest = (unsigned)Rdest >> (imm5 & 31)
Description
SRLI right-shifts Rdest by the amount specified by the 5-bit immediate value, shifts
zeroes into the most significant bits and puts the result in Rdest
The condition bit, C, is unchanged.
Exceptions
None
Encoding
| 0101 | dest [000| immS | SRLI Rdest,#imnS
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ST

ST

Instruction
(1) ST Rsrcl,@Rsrc2
(2) ST Rsrcl,@+Rsrc2
(3) ST Rsrcl,@~Rsrc2
(4) ST Rsrcl,@(displ6,Rsrc2)

Function
(1) *(int *)Rsrc2 = Rsrcl
(2) Rsrc2 += 4, *(int *)Rsrc2 = Rsrcl
(3) Rsrc2 -= 4, *(int *)Rsrc2 = Rsrcl
(4) *(int *) (Rsrc2 + (signed short)displ6) = Rsrcl
Description
(1) ST stores the contents of Rsrc1 in the memory location specified by Rsrc2
(2) ST pre-increments Rsrc2 by 4 and stores the contents of Rsrc1 in the memory
location specified by the resultant Rsrc2
(3) ST pre-decrements Rsrc2 by 4 and stores the contents of Rsrc1 in the memory
location specified by the resultant Rsrc2
(4) ST stores the contents of Rsrc1 in the memory location specified by Rsrc and
the 16-bit displacement
The displacement value is sign-extended before the address calculation.
The condition bit, C, is unchanged.
Exceptions
Address Exception
Encoding

| 0010 | srcl [ 0100 I src2 | ST Rsrcl,@Rsrc2

I 0010 | srcl I 0110 | src2 | ST Rsrcl,@+Rsrc2

l 0010 I srel ! 0111 [src? | ST Rsrcl, @-Rsrc2

l 1010 [ srcl} 0100 I src2 l displé ST Rsrcl,@(displ6,Rsrc2)
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STB

STB

Instruction
Function

Description

Exceptions

Encoding

(1) STB Rsrcl,@Rsrc2
(2) STB Rsrcl,@(displ6,Rsrc2)

(1) *(char *)Rsrc2 = Rsrcl
(2) *(char *) (Rsrc2 + (signed short)displé) = Rsrcl

(1) STB stores the contents of the least significant byte of Rsrc1 in the memory
location specified by Rsrc2

(2) STB stores the contents of the least significant byte of Rsrc1 in the memory
location specified by Rsrc with the 16-bit displacement

The displacement value is sign-extended before the address calculation.

The condition bit, C, is unchanged.

None

| 0010 | srcl | 0000 | src2 |  sTB Rsrcl,@Rsrc2

I 1010 | srcl I 0000 [ src2 l displé STB Rsrcl,@(displ6,Rsrc2)
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STH

STH

Instruction
(1) STH Rsrcl, @Rsrec2
(2) STH Rsrcl, @(displé,Rsrc2)
Function
(1) *(short *)Rsrc2 = Rsrcl
(2) *(short *) (Rsrc2 + (signed short)displ6é) = Rsrcl
Description
(1) STH stores the contents of the least significant halfword of Rsrc1 in the
memory location specified by Rsrc2.
(2) STH stores the contents of the least significant halfword of Rsrc1 in the
memory location specified by Rsrc with the 16-bit displacement
The displacement value is sign-extended before the address calculation.
The condition bit, C, is unchanged.
Exceptions
Address Exception
Encoding
l 0010 t srel I 0010 l sre2 l STH Rsrcl,@Rsrc2
| 1010 | srel | 0010 | sre2 | displé STH Rsrcl,@(displ6,Rsrc2)
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SUB

SUB

Instruction
Function

Description

Exceptions

Encoding

SUB Rdest,Rsrc

Rdest = Rdest - Rsrc

SUB subtracts Rsrc from Rdest and puts the result in Rdest

The condition bit, C, is unchanged.

None

| 0000 ‘ dest | 0010 l src | SUB Rdest,Rsrc
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SUBV

SUBV

Instruction
SUBV Rdest,Rsrc

Function
Rdest = (signed)Rdest - (signed)Rsrc
C = overflow ? 1:0
Description
SUBV subtracts Rsrc from Rdest and puts the result in Rdest
The condition bit, C, is set when the subtraction results in a two's-complement
overflow; otherwise, C is cleared.
Exceptions
None
Encoding
| 0000 | dest | 0000 | sre | suBvV Rdest,Rszc
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SUBX

SUBX

Instruction

Function

Description

Exceptions

Encoding

SUBX Rdest,Rsrc

Rdest = (unsigned)Rdest - (unsigned)Rsrc - C

C = borrow ? 1:0

SUBX subtracts (Rsrc)+(the condition bit C) from Rdest and puts the result in
Rdest

The condition bit, C, is set when the subtraction result can't be represented by a
32-bit unsigned integer; otherwise it is cleared.

None

| 0000 | dest | 0001 | src | suBX Rdest,Rsrc
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TRAP

TRAP

Instruction

TRAP #immé
Function

call_trap_handler (imm4)
Description

TRAP generates a trap

Exceptions
TRAP

Encoding

| 0001 | 0000 | 1111 | imm4 | TRAP #immd
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UNLOCK

UNLOCK

Instruction

Function

Description

Exceptions

Encoding

UNLOCK Rsrcl, @Rsrc2

if ( LOCK == 1 ) { *(int *)Rsrc2 = Rsrcl}
LOCK = 0

UNLOCK stores the contents of Rsrc1 in the memory location specified by Rsrc2
when the LOCK bit is 1

If the LOCK bit is 0, the store operation is not executed.

This instruction clears the LOCK bit.

* The LOCK bit is CPU internal signal. The user cannot access this bit.

The condition bit, C, is unchanged.

Address Exception

| 0010 I srcl | 0101 I src2 | UNLOCK Rsrcl,@Rsrc2
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XOR

XOR

Instruction
XOR Rdest,Rsrc

Function
Rdest = Rdest ”~ Rsrc
Description
XOR computes the logical XOR of the corresponding bits of Rdest and Rsrc and
puts the result in Rdest
The condition bit, C, is unchanged.
Exceptions
None
Encoding
| 0000 | dest | 1101 | src | XOR Rdest,Rsrc
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XOR3

XOR3

Instruction

Function

Description

Exceptions

Encoding

XOR3 Rdest,Rsrc, #immlo

Rdest = Rsrc ”~ (unsigned short)immlé

XOR3 computes the logical XOR of the corresponding bits of Rsrc and the 16-bit
immediate value, with zero-extended from 16-bits through 32-bits and puts the
result in Rdest.

The condition bit, C, is unchanged.

None

| 1000 | dest | 1101 | src | imnl6 XOR3 Rdest,Rsrc, #imml6
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B.1 Internal I/O Registers

Appendix B :

/0 Registers

B.1 Registers for Internal Peripheral I/O

Fissures B.1 and B.2 are memory maps of the M32R internal |/O registers :

Logical +0 address +1 address +2 address +3 address
Address | b0 b7 b8 b15 b16 b23 b24 b31
h'FFFFFFF4
h'FFFFFFF8
h'FFFFFFFC

Figure B.1 Memory Map of the Internal Memory System Control Registers

Logical +0 address +1 address +2 address +3 address
Address | b0 b7 b8 b15 b16 b23 b24 b31

WFFFFFEQ

WFFFFFE4

WFFFFFES

hFFFFFEC

Figure B.2 Memory Map of the Programmable Port Control Registers
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B.2 Configuration of Internal I/O Registers

This section shows the bit configuration of each internal I/O register and uses the
following conventions.

Term Contents
b Indicates the bit position (b0-b7)
Function Shows the function that corresponds to each bit pattern
x :indicates any value (0 or 1).
Ini Shows bit value immediately after a reset has been cancelled.
0 :0 (fixed) 1 1 (fixed) ? : unfixed
R Shows read attribute
O :read enabled 0 :fixed to O when reading
x :read disabled 1 :fixed to 1 when reading
w Shows write attribute

O : write enabled
X @ write disabled (write requests ignored)

B.2.1 Cache Purge Control Register (MSPR)

Name Function Ini R W

b
0 (No mapping)
0 0 x
6
7 Purge specification bit 0 :No purge.
0 0 o
1 :Purge.

® Purge Speciﬁcatidn Bit (b7)

0 : The cache is not purged.
1 : The cache is purged after writing the data in the cache to the DRAM.
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B.2.2 DRAM Refresh Control Register (MDRR)

b Name Function Ini R W
0 (No mapping)

0 0 x
6
7 Refresh mode bit 0 :Auto-refresh mode

0 oo

1 :Self-refresh mode

® Refresh Mode Bit (b7)
Sets refresh mode of the on-chip DRAM.

0 : auto-refresh mode

The memory controller performs a refresh at regular intervals.

1 : self-refresh mode
Converts the self-refresh mode

Appendix B 1/O Register 169



B.2 Configuration of Internal I/0 Registers

B.2.3 Memory Controller Configuration Register (MCCR)

b Name Function Ini R W
0 (No mapping)
0 0 x
4
5 timing parameter bit 0 :Fastmode
1 :Slow mode 0 oo
b6 b7
6 cache mode bits 0 X : Cache-off mode
1 0 : On-chip DRAM space shared
cache mode 0 oo

11 : External user space instruction

cache mode

® Timing Parameter Bit (b5)
The memory controller optimizes the timing of internal DRAM access according
to the internal operating frequency.

0 :Setto"0" when CLKIN is more than 8.3MHz.
1 :Setto "1" when CLKIN is less than 8.3MHz.

(111l NOTE [l
Note that operation cannot be guaranteed if b5 is "1" when CLKIN is more
than 8.3MHz.

® Cache Mode Bits (b6,b7)
Sets the on-chip SRAM cache mode

0X : cache-off mode
Stops cache operation

10 : on-chip DRAM space shared cache mode
Both instructions and data are cached when the internal DRAM space is
accessed.

11 : external user space instruction cache mode

Instruction fetches are cached when the external user space is accessed.
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B.2.4 Programmable Port Direction Control Registers (PPCRO,

PPCR1)
b Name Function Ini R W
0 (No mapping)
0 0 x
6
7 Port l/O direction specification bit 0 : Input mode 0 o o
1 :Output mode
® Port I/O Direction Specification Bit (b7)
0 : Input mode
1 : Output mode
B.2.5 Programmable Port Data Registers (PPDR0O, PPDR1)
b Name Function Ini R W
0 (No mapping)
0 o x
6
7 Port data bit 0 :Data="0"
? oo
1 :Data="1"

® Port Data Bit (b7)

0 : portdata="0"
1 : portdata="1"
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C.1 Pipeline Stages

Appendix C:

Pipeline Processing

C.1 Pipeline Stages

The M32R CPU consists of five pipeline stages.

IF stage (instruction fetch stage)

The instruction is fetched during the IF stage. There is an instruction queue
and instructions are fetched until the queue is full regardless of the completion
of decoding in the D stage.

D stage (decode stage)

Instruction decoding is performed during the first half of the D stage (DEC1).
The instruction decoding (DEC2) is performed a register fetch (RF) in the
second half of the time of the stage.

E stage (execution stage)
Operations and calculation addresses (OP) are performed during the E stage.

MEM stage (memory access stage)
Operand accesses (OA) are performed during the MEM stage. This stage is
used only when executing load or store instructions.

WB stage (write back stage)
The results of operations and fetched data are written to the registers during
the WB stage.

1 cycle

'F i I

EBEGEReaw)

Figure C.1 Pipeline Stages
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C.1 Pipeline Stages, C.2 Actual Pipeline Processing

C.2 Actual Pipeline Processing

Because the MEM stage is used for Load/Store instructions, 5-stage pipeline
processing is performed. However, the MEM stage is not used for other
instructions, and only a 4-stage pipeline processing is performed.

® | oad/Store instruction

LF ] o] E [mMem[ws]

If the cache is hit, the MEM stage is executed in one cycle. [f missed,
however, the MEM stage is executed for several cycles.

Il F | o] E [mMeM] - [MEm] ws |

® Other instructions

LF | Dp]E[ws]

The E stage is executed for several cycles in the case of multi-cycle
instructions such as multiplication and division.

[F o |e]ef[E]w]

® The Stall of pipeline processing

In perfect pipeline processing, each stage is executed in one cycle. However,
changes in the number of execution cycles in each stage and the execution of
branch instructions mean that the pipeline processing may be stalled.

Case 1 : Execution of an instruction requiring multiple cycles in stage E.

ov e [FIDoDJelE] ~[Te]w]

ADD 13,4 i

ADD 56 { 1 o] E |ws]
ADD 7,8 1 F{ o] E [ws]
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Case 2 : Operand access not completed in one cycle.

w nee | F | 0| E [Mem][mEM] wB |
L e Il Ffo}lE
ADD 156 ['F | D
ADD 7,8 [ F

Case 3 : Branching occurs (Pipeline processing is not stalled if no branch
occurs at a conditional branch instruction.)

Branch [F | o[ E Jws]
instruction .
(FI o]l F]Do]E [ws]
| F Flo]|E |[ws]
] Flo]efw]

Case 4 : When a value read from memory is used by a subsequent instruction,
stage E of the subsequent instruction is stalled until the load
instruction completes the WB stage.

L e | F | D] E [Mem]ws]
D 3 [F[o [

E [ ws |

Case 5 : When reading R15 after writing the PSW.SM bit, the subsequent
instruction is waiting for the E stage until the MVTC instruction
complete the WB stage.

mvic npsw| F | D | E [ws]
SUB  13,r15 [ F]oD
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C.2 Actual Pipeline Processing

Even when the WB stages of load and other instructions occur simultaneously,
the values are written simultaneously to the registers and pipeline processing is
not stalled.

LD nerz [ F T o e [mem[we |\tivee:av'vnheegn\g8 fhtzg);’e:r:ccur at
ADD 15,8 IGEIEREE i" executed simultaneously.
ADD 17,8 IEREREA LG

The bypass function prevents pipeline processing being stalled in the case of
instructions for operations on the values of registers.

aDb 12 | F [ D} E [w]
J bypass processing
SUB  13,r1 |l FIb]E |ws]

Execution of the WB stage of the load instruction is cancelled if a subsequent
instruction writes to the same register before execution of the load instruction
has finished.

WB is cancelled if either is

Lo @z [F | D | E Jwem] - |wem to the same register.

[FIo e [we], o
LFlo]E]jws l
[F |1 o] €Ew]
LFI Dol €E [w]
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D.1 Number of Instruction Execution Cycles

Appendix [):

Instruction Execution
Cycles

D.1 Number of Instruction Execution Cycles

The following shows the number of instruction execution cycles for each pipeline
stage of each instruction type. Normally, the E stage is monitored as the
instruction processing time, but, because of pipeline processing (See Appendix C)
the processing times for other stages may effect the total instruction execution
time. In particular, the IF, D, and E stages of a subsequent instruction are
monitored after a branch has occurred.

® Load instruction (LDB, LDUB, LDH, LDUH, LD, LOCK)

IF D E MEM WB
R 1 1 R 1

® Store instruction (STB ,STH ,ST ,UNLOCK)

IF D E MEM
R 1 1 W

Multiply instruction (MUL)

IF D E wB
R 1 3 1

Divide/Remainder instruction (DIV, DIVU, REM, REMU)

IF D E wB
R 1 37 1
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® Other instructions

IF D E wB
R 1 1 1

D.2 Number of Memory Access Cycles

This section shows the number of memory access cycles in the IF and MEM
stages.

The values shown are the minimum number of cycles used by the CPU for

‘ memory access. They may not be equal to the numbers of cycles the memory
and bus are actually used. In write access, for example, the CPU completes the
MEM stage as soon as a value is written to the write buffer, but the value is
actually written to memory afterwards. These values may increase depending on

the state of memory and the bus when the CPU outputs a memory access
request.

® R (read cycle)

When Number of Cycles
In instruction queue 1

On-chip cache hit 1

On-chip cache miss and value read from on-chip DRAM 7 (Notel)

Cache off and value read from on-chip DRAM 6 (Note2)

Value read from external memory (byte-sized, halfword-sized) 10 (Note3)

Value read from external memory (word-sized) 11 (Note3)

(Note1) 4 cycles when the timing parameter bits of the memory controller configuration
register (MCCR) are 1.

(Note2) 3 cycles when the timing parameter bits of MCCR is 1.

(Note3) When the external memory is accessed with no wait, because the internal and
external clocks have different frequencies, the timing of access requests from the
CPU may cause the values to vary.
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® W (write cycle)

When Number of Cycles
On-chip cache hit 1
On-chip cache miss and value write to on-chip DRAM 2
Cache off and value write to on-chip DRAM 2
Value write to external memory 2
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SYMBOLS

@(disp16, Rn) 25
@+Rn 25

@-Rn 25

@Rn 25

@Rn+ 25
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32-bit length instruction 26

A

A8-A30 10, 59, 62

About EIT 35

About M32R 1
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ACC 22

Accumulator 22
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Actual Pipeline Processing 174
ADD 81

ADD3 82

ADD! 83

Address 59

Address Bus 10

Address Exception 35, 40, 41
Address Space 14
Addressing Modes 25
ADDV 84

ADDV3 85

ADDX 86

AE 35, 40, 41

AND 87

AND3 88

Arithmetic Instructions 29
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auto-refresh mode 53, 74

B

Backup PC 21

BC (instruction) 89
BCH 11, 59, 62
BCL 11, 59, 62

BEQ 90
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BGTZ 93

BIlU 8

BL 94

BLEZ 95
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BLTZ 96
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BNE 98

BNEZ 99

BPC 21, 36

BRA 100
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Burst Write Cycles 67
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Reset 73
Write Cycles 65
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Bus Status 11, 60
Byte Contro 11
Byte Control 59

C

Cache 7
cache mode

Cache-off Mode 49

cache-off mode 49, 54

External User Space Instruction Cache

Mode 48
external user space instruction cache
mode 48, 55

On-chip DRAM Space Shared Cache Mode 47

on-chip DRAM space shared cache mode 54
Cache Mode Bits 54
Cache Purge Control Register 51
Cache-off Mode 49
cache-off mode 49, 54, 74
CBR 21
Chip Selector
CLKIN 10
Clock 10
CMP 101
CMPI 102
CMPU 103
CMPUI 104
Compare 30
Condition Bit Register 21
configuration

Internal Memory System Configuration 47

Pin Configuration 8

18, 682

pin configuration 8, 9
Configuration of Internal I/O Registers 168
Continuous Bus Cycle 68
Control Registers 20
CPU Core 7
CPU Internal States After Reset Sequence 73
CRn 25
CsS 13, 62

D

D stage 173

Do-D15 11, 60, 62

Data Bus 11, 60

Data Complete 12, 61

Data Format in a Register 24

Data Format in The Memory 24
Data Formats 23

Data Types 23

DC 12, 61

DC/AC Characteristics 76

decode stage 173

Detail Description of Instructions 80
Device Specifications 7
dispn 26

DIV 105

DIVU 106

DRAM Refresh Control Register
DSP Function Instructions 33

51, 83

E

Estage 173

El 35, 40, 44

EIT
About EIT 35
Address Exception 40
Address Exception (AE) 35
Address Exception (Al) 41
AE 40
El 40
Exception 35
External Interrupt 40
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External Interrupt (El) 35, 44

Interrupt 35
Priority of EITs 39
Reset Interrupt 40

Reset Interrupt (RI) 35, 41

Rl 40

Table of each EIT Processing 40

TRAP 40
Trap 35, 40

Trap (TRAP) 36, 43

EIT Processing 37
EIT Vector 17

EIT Vector Entry 39, 40
EIT-Related Control Registers 36

BPC 36
PSW 36

Electrical Characteristics 75

Exception 35
execution stage 173

External Bus Interface 59

External Bus Interface Signals 59
External Bus Master Access 70
External Bus Master Read Cycles 70
External Bus Master Write Cycles 71
External Interrupt 13, 35, 40, 44

External Space 14

External User Space Instruction Cache Mode 48
external user space instruction cache mode 48, 55

F

fast mode 74

G

General Registers 20
Ground 13

H

HACK 12, 61

Hold Request 12, 61
HREQ 12, 61

1/0 Registers 167
1/0 Space 15
1/0 Space for ICE 15
1/O Space for Internal I/O Registers 15
1/0 Space for User 15
IF stage 173
Immediate 26
immn 26
input mode 56, 57
instruction
Detail Description of Instructions 80
List of Instructions 77
The M32R Instruction Set 77
Instruction Execution Cycles 177
instruction execution cycles 177
instruction fetch stage 173
Instruction Formats 26
Instruction Set 28, 77
INT 13
Internal I/O Register 17
Internal Memories 7
Internal Memory System 47
internal memory system 47
Internal Memory System Configuration 47
Internal Memory System Control Registers
Internal Peripheral 11O 8, 51
Interrupt 35
Interrupt Stack Pointer 21

J

JL 107
JMP 108

L

51

Hold Acknowledge 12 LD 109
Hold Cycles 69 LD24 110
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LDB 111
LDH 112
LDl 113
LbuB 114
LDUH 115

List of Instructions 77
Load/Store Instructions 28

LOCK 116

Logic operation 30

Logical Address

M

M/s 13
M32R
About M32R

M32R CPU Core 7

MACHI 117
MACLO 118
MACWHI 119
MACWLO 120
Master/Slave 13
MCCR 51, 54
MDRR 51, 53
MEM stage 173

memory access cycles

14

1

memory access stage

Memory Controller

Memory Mapping

8, 51
Memory Controller Configuration Register

15

N

NEG 134

No purge 52

no purge 74

NOP 135

NOT 136

Number of Instruction Execution Cycles 177
Number of Memory Access Cycles 178

)

On-chip DRAM 1, 7

On-chip DRAM Access Control 62

On-chip DRAM Space 14

On-chip DRAM Space Shared Cache Mode 47
on-chip DRAM space shared cache mode 54
OR 137

OR3 138

OS-Related Instructions 33

output mode 66, 57

P

PC 22

PC relative indirect 26
Physical Address 14

Pin Configuration 8

Pin Function Descriptions 10

MSPR 51 Pipeline Processing 173
MUL 121 . .
Actual Pipeline Processing 174
MULHI 122 s .
The Stall of pipeline processing 174
MULLO 123 .
MULWHI 124 Pipeline Stages 173
MULWLO 125 Port Data Bit 57
Port I/0 Direction Specification Bit 56
MV 126
MVFACHI 127 Power 13
MVFACLO 128 PPOPP1 18
MVEACM 129 PPCRO, PPCR1 55, 56
MVEC 130 PPDRO, PPDR1 55, 56
Priority of EITs 39
MVTACH!I 131 )
Processor Status Word Register 20
MVTACLO 132
MVTC 133 Program Counter 22
Programmable I1/O Ports 55
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R/W 11, 60, 62
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RAC 139
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Read/Write 60

Read/Write Bus Operations 62

ReadWrite 11

recommended operating conditions 75

Refresh Mode Bit 53

register
Accumulator, ACC 22
Control Registers 20
General Registers 20

Internal Memory System Control Registers 51

Program Counter, PC 22

Programmable Port Control Registers 55

Register direct 25

Register indirect 25

Register indirect + Register update 25
Register relative indirect 25

Registers 19

Registers for Internal Peripheral I/O0 167
REM 143

REMU 144

Reset 10, 73

Reset interrupt 35, 40, 41

Reset Operation 73

Rl 35, 40, 41

Rn 25

RST 10

RTE 145

S

self-refresh mode 53
SETH 146
Shift 31
SID 10, 59
signal
External Bus Interface Signals 59
Signal States During Reset 73
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SLL 147
SLL3 148
SLLI 149
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SPI 21
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SRA 150
SRA3 151
SRAlI 152
SRL 153
SRL3 154
SRLI 155
ST 11, 60, 156
STB 157
STH 158
SUB 159
SUBV 160
SUBX 161

T

Table of each EIT Processing 40
The Stall of pipeline processing 174
Timing Parameter Bit 54

Transfer 30

TRAP 182

Trap 35, 36, 40, 43

Trap (TRAP) 43

TRAP(EIT) 36, 40, 43
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Unsigned Byte (8-bit) Integer 23
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User Space 14

User Stack Pointer 21
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vCC 13
VsSs 13

w

WB stage 173
write back stage 173
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XOR 164
XOR3 165
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