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Todaz

Learn about Mitsubishi (Renesas) processor

— Lecture covers ISA, derived from Assembler
Language Programming Manual
(M16C_Assembler.pdf MALPM Ch. 1, 2)

* Registers: General Purpose, Control
e Instruction Set

o Addressing Modes

e Memory Map
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Reading for Next Week

Software Manual (M16C_Software Manual.pdf):
pPp.1-32
— Use chapter 3 as a reference. You are responsible for
this material — not memorizing it, but instead being able

to figure out what an instruction does, or finding an
Instruction to do something

Data Sheet
(M16C62_Hardware Manual rev1.20.pdf)

— pp. 1-27
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SimI:_)Ie I\/Iemorx Organization

k X m array of stored bits (k is usually 2M)
Address

— unique (n-bit) identifier of location
Contents

— m-bit value stored in location

Basic Operations:
LOAD

— read a value from a memory location

STORE

— write a value to a memory location
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0000
0001
0010
0011
0100
0101
0110

1101
1110
1111

00101101

10100010
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Simple Memory Organization

Viewed as a large, single-dimensional array
A memory address is an index into the array

"Byte addressing" means that the index points to a byte of
memory

8 bits of data
8 bits of data
8 bits of data
8 bits of data
8 bits of data
8 bits of data
8 bits of data

o o1~ W N B O
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Memory Organization

Bytes are nice, but most data items use larger "words"
— For M30626, a word is 16 bits or 2 bytes.

16 bits of data
16 bits of data
16 bitsof data | (registers also hold 16 bits of data)

16 bits of data

o A~ N O

216 bytes with byte addresses from 0, 1, 2 to 216-1
215 words with byte addresses 0, 2, 4, ... 216-2
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Endianness

Big endian: most significant byte is O Little endian : least significant
stored at the lowest byte byte is stored at the lowest
address address

€ Ex: 68000, PowerPC, Sun SPARC ¢ Ex: x86, DEC VAX, Alpha
0 12 0 78
1 34 1 5
2 56 e 2 34
i AB ' BOTH store I A
5 CD : - : 5 EE
2 EE | word_ 12345678 is at : 2 &5
7 01 + location O, : 7 AB
word ABCDEFOQO1 is at |
' location 4 !

O Most of the time we will avoid this issue in class by only
loading/storing words or loading/storing bytes

O If two processors with different conventions use a local area
network, a disk drive, etc., YOU need to pay attent ion to
endianness
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Big Endian-What does it look like?

Imagine you have the following hexadecimal values:
— 0x11 223344
— Ox55 66 77 88
— OxAA BB CC DD
— OxEE FF 00 99
— 0x01 234567 ......

And we put them in memory, starting at memory addre ss 0x10000000.
What would it look like?

0x1000 0000 11 22 33 44 Shown
0x1000 0004 55 66 77 $8 as
0x1000 0008 AA BB CC DD “Big
0x1000 000C EE FF 00 99 Endian”
0x1000 0010 01 23 45 67

0x1000 0014
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Little Endian -What does it look like?

Imagine you have the following hexadecimal values:
— 0x11 223344
— Ox55 66 77 88
— OxAA BB CC DD
— OxEE FF 00 99
— 0x01 23 45 67

And we put them in memory, starting at memory addre ss 0x10000000.
What would it look like?

0x1000 0000 44 33 22 11 Shown
0x1000 0004 88 /7 66 55 as
0x1000 0008 DD CC BB AA “Little
0x1000 000C 99 00 FF EE Endian”
0x1000 0010 6/ 45 23 01

0x1000 0014
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Big Endian vs. Little Endian

0x1000 0000
0x1000 0004
0x1000 0008
0x1000 000C
0x1000 0010

0x1000 0000
0x1000 0004
0x1000 0008
0x1000 000C
0x1000 0010

11 22 33

44

oo 66 77

88

AA BB CC

DD

EE FF 00

99

01 23 45

6/

44 33 22

11

88 /7 66

99

DD CC BB

99 00 FF

EE

67/ 45 23

01

Embedded Systems

Shown
as

Big
Endian”

Shown
as
“Little
Endian”



Data Formats for the M30626

Byte
— 8 bits
— signed & unsigned
— .B suffix for instruction
Word
— 16 bits s
— signed & unsigned  N+2
— W suffix N
Address &
longword
— Limited to N
specific K;
instructions N+3

2
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|s the M 30626 big or little endian?

b7 bi)
DATA

Byte (8-bit) data

by ull}
DATA(L)
DATA(M)
DATA(H)

20-bit (Address) data

Embedded Systems

N+1
N+2
N+3

N+1
M+
MN+3

of bl
DATA(L)
DATA(H)

Word (16-bit) data

by b
DATA(LL)
DATA(LH)
DATA(HL)
DATA(HH)

Long Word (32-bit) data
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Review of the M30626 Architecture

Microcontroller
B g L 1% ] B g
has: 1 [ A A O
1 1 L
Reqisters = i
g iniwmal pesphard funciona 1&9 D:é"ﬂfh Eyetem dodk gensnater E
- RAM It i e - 3
— Flash | eeipewesrE T T 3~
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_ EEPROM orirod S i — m::l:;;n-rl {8 b x 2 charrals] E J
.. Foiyramisl L ey = |= -
— Digital Ports ' ' -2k
TR ——— M1BC4 seres16-bE CPU tora Mamary Y=
— Analog Ports il — .'_I = === gl ) E_, .
— Timers FE'I::E“I = [ I uﬁF Ilﬁﬂ?l E -
; D& corvarisr : I e |
— Oscillator {8 bfn K2 churvmin] T3 =] %
— DMA Controller E
] . <'YCCi portse WED0E parise i
— Reliability EF]}E‘J@J: ﬁ%h @fﬁh
and safety e 4 B
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General Memorx I\/IaE

Address Address

TypeNo. | ssexxis | YYYYY1s
M30100M2 | Fcooows | 007FF
M30100M3 | FAD001s | O007FF1s
M30101F3 | FA0001s | 007FF1s

0000016

0040018

YYYYY16

KXXXX16

FFFFF16

SFR area
(For details, see
Figures 1.6.1 and
1.6.2)

Internal RAM area

Internal ROM area

4
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, FFEQ016

! FFFDC186

FFFFF16

Special page
vector table

Undefined instruction =

Overflow

BRK instruction
Address match

Single step

Watchdog timer

DBC

Reset
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Memorx I\/IaE for QSK62P Plus microcontroller

Naote: User programs meist

not use shaded areas.

FFFOCh

Special Page
Area

Fixed Vector
Area

00000 |
SFR Area
00400h & 2
Internal RAM User RAM Area
Area - KB = 31616 Bytes
QTFFFRL oo ! 0TFTFh
Reserved 0TFFFh
OF000R
High E/W
4kB data
block
10000R
Reserved
ADDDOh
Flash ROM FF300
Area - 384kB
FFESOR
FFFEFh
2
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M16C Registers

4 16-bit data registers RO-
R3

— Can also access high
and low bytes of RO
and R1: ROH, ROL

— Can also access pairs
of registers as 32-bit
registers: R2R0, R3R1

2 16-bit address
registers AO & Al

— Can also access pair
of registers as 32-bit
register: A1AO

b15 b8b7 b0 7
RO'1| H L ”
I| [ I I I
b15  b8b7 bO b19 b0
R1'1| H L ” PC | | Program
Ll iiill Y g
' counter
b15 bo Dat_a b19 b0
R2 registers Interrupt table
||||||||||||||||” |I.‘JTB‘|||_III|||||||II.|‘IIIIIII| R p
L register
b15 b0 b15 b0
R3'1| USP| | User stack
AN N T T o I I R
I ] pointer
b15 b0 b15 b0
AD"'| ISP | | Interrupt stack
I| Ll L Ll Ll I N I I O B I | ﬂinler
Address p
b15 b0 registers b15 b0
A1 | SB Static base
Pyl Lttt il R
I | register
b15 b0 b15 b0
FB'1| H Frame FLCEJ Flag register
I|||||||I||||||| base - 1 I I I B |
regislerr____a—-“'f |
et |
ST T T [ uele[s[ze[e

*1 These registers have two register banks.
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SEeciaI Registers

SP: Stack Pointer — for accessing call stack
— USP: User code
— ISP: Interrupt code

FB: Frame Base — for accessing frame on call stack
SB: Static Base
INTB: Interrupt table pointer

L 4
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Addressing Modes ’

See Ch. 2 of Software Manual for detalls

Immediate — provide the 8, 16 or 20 bit value

— provide the name of the register
— MOV.B #-29,

Absolute — provide the address of the operand
— MOV.W =3, 213AH
— MOV.W 81A8H,

RO 2119H 001/H 81A6HJ

22AAH
R1 32104 4413H 21223
R2 6001H

R3 | 22AAH

2
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register which points to the operand

— provide the name of the address

- MOV.W ,
RO 2119H 0017H
22AAH
R1 3210H 4413H
R2 6001H
R3 0017H
AO 81A6H
. Al
Constraints 1116H
— Can use address registers A0 and Al
‘1‘:,: {Iﬁ( :\/(\;{Jﬁlﬁﬁmms LEE COLLEGE of ENGINEERING Embedded SySt ems

81A6H
81A8H
81AAH
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Address Register Relative

Address Register Relative — as with ARI, but also provide a
displacement (offset) from the address register

— MOV.W 4[A1],
001/H | 1110H

RO 2119H
e sa1an | 1114 :]+4
R?2 6001H
R3 4413H
AO 81A6H

» Al 1110H

Constraints
— Can use address registers A0 or Al
— Displacement can range from 0 to FFFFH

2
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Static Base Pointer Relative ’

Static Base Pointer Relative — as with ARR, but use the SB
as the base

—  MOV.W 2[SB],

0017H | 150EH
RO L2119 228AH | 1510H <142

R1 3210H |
RO 60014 4413H | 1512H
R3 | 22AAH

» SB 150EH

Constraints
— Canonly use SB
— Displacement can range from 0 to FFFFH
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Frame Base/Stack Pointer Relative

Frame Base/Stack Pointer Relative — as with ARR, but use
the FB or SP register as the base

— MOV.W -6[SP], —  0217H | 150EH <

229AH | 1510H
/743H | 1512H 6
001/H |1514H =

RO

R1 ;;]izﬂ 22AAH | 1516H
RO 60011 4413H | 1518H
R3 | 0217H *

» SP 1514H

Constraints
— Canonly use FB and SP
— Signed displacement can range from 80H to 7FH (-128 to +127)
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Instruction Classes

Data Transfer
Arithmetic and Logic
Control Transfer
Other
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Data Transfer Instructions

Not load-store architecture

memory instruction
» Conditional transfer instructions

» Transfer instructions . MOV, MOVA

* Push/pop instructions PUSH, PUSHM, PUSHA /POP, POPM
» Extended data area transfer instructions LDE, STE

» 4-bit transfer instructions MOVDir

» Exchange between register and register/ i XCHG

STZ, STNZ, STZX
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Arithmetic and Logic Instructions

* Add instructions ADD, ADC, ADCF

« Subtract instructions SUB, SBB

» Multiply instructions MUL, MULU

* Divide instructions DIV, DIVU, DIVX
* Decimal add instructions DADD, DADC

* Decimal subtract instructions DSUB, DSBB

* [ncrement/decrement instructions INC / DEC

« Sum of products instruction RMPA

« Compare instruction CMP

» Others
(absolute value, 2's complement, sign extension)
» Logic instructions
= Test instruction
= Shift/rotate instructions

ABS, NEG, EXTS
AND, OR, XOR, NOT

TST
SHL, SHA /ROT, RORC, ROLC
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Control Transfer

* Unconditional branch instruction

« Conditional branch instruction

+ Indirect jump instruction

» Special page branch instruction

« Subroutine call instruction

* Indirect subroutine call instruction

» Special page subroutine call instruction

« Subroutine return instruction

» Add (subtract) and conditional branch
instructions

»
N

The WILLIAM STATES LEE COLLEGE of ENGINEERING
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JMP
JCnd
JMPI
JMPS
JSR
JSRI
JSRS
RTS

ADJINZ, SBJNZ
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Flag Register and Conditions

b15 b0
IPL Ullt|lolel|ls|zZ|D|cCc| Flag register (FLG)

\— Carry flag

—— Debug flag

Zero flag

Sign flag

Register bank select flag

Overflow flag

Interrupt enable flag

Stack pointer select flag

Heserved area

Frocessor interrupt priority level

Heserved area
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Conditional JumEs

Mnemonic i Description Format Explanation
i Jumps to label if condition is true
JCnd | JCnd label | or executes next instruction if
condition is false.
Cnd True/false determining conditions (14 conditions)
GEU/C C= : Equal or greater/ Carry flag = 1
GTU C=1& Z2=0 : Unsigned and greater
EQ/Z Z=1 ! Equal/ Zero flag = 1
N S=1 : Negative
LE (Z=1)](8=1&0=0)|(S=0&0=1) Equal or signed and smaller
O 0=1 ' Overflow flag = 1
GE (S=1&0=1)|(S=0&0=0) i Equal or signed and greater
LTUINC | C=0 Smaller/ Carry flag = 0
LEU C=0]Z2=1 Equal or smaller
NE/NZ | Z2=0 : Not equal/ Zero flag = 0
PZ S=0 : Positive or zero
GT (S=1&0=1&Z=0)|(S=0&0=0&Z=0) Signed and greater
NO |o=0 | Overflow flag = 0
LT (8=1&0=0)|(S=0&0=1) : Signed and smaller

4
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Assembler Language
Programming
Manual, Sect.
2.6.1 and jump
instruction
definitions (p. 80)

Example:
CMP.W R1, R2
; set cond. flags
; based on R2-R1
JGTU Label2
; Jump if R1>R2

Range of jump :-127 to +128 (PC relative) for GEU/C, GTU, EQ/Z, N, LTU/NC, LEU, NE/NZ, and PZ
-126 to +129 (PC relative) for LE, O, GE, GT, NO, and LT
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Other Instructions

» Control register manipulate instructions LDC, STC, LDINTB, LDIPL, PUSHC, POPC

* Flag register manipulate instructions FSET, FCLR

* O3S support instructions r LDCTX, STCTX

» High-level language support instructions ENTER, EXITD

» Debugger support instruction BEK

* Interrupt-related instructions REIT, INT, INTO, UND
+ External interrupt wait instruction L WAIT

* No-operation instruction NOP
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