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General Description
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Intfroduction

The MC9S12DP256 microcontroller unit (MCU) is a 16-bit device
composed of standard on-chip peripherals including a 16-bit central
processing unit (STAR12 CPU), 256K bytes of Flash EEPROM, 12.0K
bytes of RAM, 4.0K bytes of EEPROM, 2 asynchronous serial
communications interfaces (SCI), three serial peripheral interfaces
(SPI), an 8 channel IC/OC enhanced capture timer, two 8-channel,
10-bit analog-to-digital converters (ADC), an 8-channel pulse-width
modulator (PWM), a digital Byte Data Link Controller (BDLC), 29
discrete digital /0O channels (Port A, Port B, Port K and Port E), 20
discrete digital I/O lines with interrupt and wakeup capability, five CAN
2.0 A, B software compatible modules (MSCAN12), and an Inter-IC Bus.
System resource mapping, clock generation, interrupt control and bus
interfacing are managed by the System Integration Module (SIM). The
MC9S12DP256 has full 16-bit data paths throughout. However, the
external bus can operate in an 8-bit narrow mode so single 8-bit wide
memory can be interfaced for lower cost systems. The inclusion of a PLL
circuit allows power consumption and performance to be adjusted to suit
operational requirements.

NOTE: The main body of this document refers to the 112-pin version of the

device. Pins shown in bold on the block diagram and pinout are not
available on the 80-pin version.
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General Description

Features

MC9S12DP256 — Revision 1.1

16-bit STAR12 CPU
— Upward compatible with M68HC11 instruction set

— Interrupt stacking and programmer’s model identical to
M68HC11

— 20-bit ALU

— Instruction pipe

— Enhanced indexed addressing
Multiplexed External Bus

Memory

— 256K byte Flash EEPROM

— 4.0K byte EEPROM

— 12.0K byte RAM

Two 8 channel Analog-to-Digital Converters
— 10-bit resolution

Five 1M bit per second, CAN 2.0 A, B software compatible
modules

— Four receive and three transmit buffers

— Flexible identifier filter programmable as 2 x 32 bit, 4 x 16 bit or

8 x 8 hit

— Four separate interrupt channels for Rx, Tx, error and wake-up

— Low-pass filter wake-up function

— Loop-back for self test operation

— Time-stamping capabilities for network synchronization
8 channel IC/OC Enhanced Capture Timer

Byte Data Link Controller (BDLC)

Inter-1C Bus (lIC)

General Description

For More Information On This Product,
Go to: www.freescale.com
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General Description
Features

8 PWM channels with programmable period and duty cycle

— Standard 8-bit 8-channel or 16-bit 4-channel or any
combination of 8/16 bit

— Separate control for each pulse width and duty cycle
— Left-aligned or center-aligned outputs

— Programmable clock select logic with a wide range of
frequencies

— Fast emergency shutdown input

— Usable as interrupt inputs

Serial interfaces

— Two asynchronous Serial Communications Interfaces (SCI)
— Three synchronous Serial Peripheral Interfaces (SPI)

SIM (System integration module)

— CRG (low current oscillator, PLL, reset, clocks, COP
watchdog, real time interrupt, clock monitor)

MEBI (Multiplexed External Bus Interface)
MMC (Module Mapping Control)

INT (Interrupt control)

— BKP (Breakpoints)

— BDM (Background Debug Mode)

112-Pin LQFP package or 80-Pin QFP package

— 50 MHz CPU equivalent to 25MHz bus operation

— 2.251t0 2.75V Digital Supply Voltage generated using an
internal voltage regulator

— 4.75V to 5.25V Analog and I/0O Supply Voltage
Technology: 0.25 micron CMOS

MC9S12DP256 — Revision 1.1
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General Description

MC9S12DP256 112-Pin Block Diagram

VRH | VRH |<—Vgy
256K Byte Flash EEPROM ATDO  VRL | ATDL  VRL |e—vg,
VDDA | VDDA |<—Vppa
12K Byte RAM VSSA |« VSSA [«—Vgga
ANO l«—PADO0O|  ANO |« |«—PADOS
4K Byte EEPROM AN1 <«—PADO1 AN1 |« |<«—PADO9
AN2 [<<—PADO02 AN2 = <<—PAD10
Vpopr—>] AN3 8 [<—PADO3 AN3 [<— = [«—PAD11
Vssr—> AN4 < [<«—PADO4 AN4 =] < |«—PAD12
VREGEN—>{ Voltage Regulator AN5 <—PADO5 AN5 |« |<«—PAD13
Vpp1,2 < AN6 |«—PADOG ANG | l«— PAD14
Vss1o <] AN7 «—PADO7 |  AN7 j«{ |«—PAD15
BKGD I%ln Ie-W|red PIXO0 | <> PKO " XADDR14,
- ackgroun CPU12 PIX1 =] <> PK1' XADDRI15:
PPAGE ,
el Debug Module PIX2 [e»{X |, [*>PK2. XADDRIS,
VopLL—>] Clock and PIX3 fem & b |+=PK3 ! XADDRL7:
DDPLL ' |
Vggp — PLL Reset Periodic Interrupt PIX4 <=0 |7 [« PK4, XADDRIS
Generation PIX5 [ <> PK5' XADDR19,
EXTAL—™ Module COP Watchdog ROMONE/ECS <> <> PK7' ECS '
XTAL < Clock Monitor LR -
RESET > Breakpoints 10CO > <> PT0
PEO—»] | XIRQ 1oc1 == Digits
PE1—»] > IRQ 10C2 > = <> PT2
PE2<»] ] RV System Enhanced Capture 10C3 &> |I: l«<>PT3
PE3<~{Wll | i |<»| LSTRB Integration Timer ocs || |~ FpTs
PE4<»|a |O || ECLK Module
[a] 10C6 =i le>PT6
PES<» <> MODA 007 PT7
PEG<>] l<>»| MODB > <>
PE7 <> [<>| NOACC/XCLKS MISO [«» PWMO [=»{KWPO}=> <> PP0
TEST—PI_ MOSI| [« PWM1 [ KWP1 =] [<>PP1
SCK [ _ PWM2 [ KWP2[=>] a l<>pp2
TYYVYYYY YWYV VIYY [SPISS|anl= Pwivs [«mfcwpslnl & | f«mPP
. MISO [«»17" PWM4 [« [KWP4 <> Q |a |«>PP4
Multiplexed Address/Data Bus Mo bl PrMs l<lkwpsles] © s PPS
YYVVEEYY YYYVYY Y (SPRSSI PO TR Dl
SCK e  PWM7 |« KWP7|=> <> PP7
DDRA DDRB
sclo RXD = <> PS0
PTA PTB TXD | <> PS1
RXD = <> PS2
0
T AT ol | o
fEssfsss EEEREEER MISO*>8 o [e=PS4
9399980 w NOWLWS®OANAdO SPIO MOSI [ <> PS5
TEREEEZL EXEEZiES sok [« | [e-pso
8oB3ononno ooononon S <> PS7
TILIIIIIC IIIIIII<
T T T T T R AR R R D ! BDLC (J1850 RxB
Muiplered 3372222 R22IQYIL! (O1850) na PO
‘wideBus EikEikEy Eikkikkk. RXCAN <> PM1
' 00000000 O000000oAa, CANO TXCAN
S S o CANL RXCAN |« = | s [*=PM2
"Multiplexed S SIS & TxCAN DD: £ lepPMm3
NarrowBus S XL LKL IS CANZ RXCAN [« Q |® |[«>PM4
besee oo TXCAN [ <> PM5
Internal Logic 2.5V 1/0 Driver 5V CAN3 RXCAN l<> PM6
Vpp12 -— Vppx — TXCAN <> PM7
V
stz — Vssx -1 KWJ0 Je> l<>PJ0
- - KWJ1 > - le>PJ1
AID Converter 5V & SDA x|
PLL 25V Voltage Regulator Reference lnc scL KWJI6 |<> 8 E < PJ6
VoppLL -— Vopa —> CAN4 RXCAN KWJ7 [ [<>PJ7
V
SSPLL _-L- Vssa _-l- TXCAN
= KWHO > <>PHO
KWH1 e [>PH1
Voltage Regulator 5V & 1/0
VI?DR g_» Pin KWH2 <> T [<>»>PH2
Vssr KWH3 |y | T [«>PH3
L Interrupt KWH4 [« O |E le>pHa
= Logic &)
J— . . . . L KWH5 [ [<>PH5
Note: This block diagram is for the 112-pin version. Pins in KWH6 | | >PHG
bold are not availble in the 80-pin version. KWH7 | | >PH7
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General Description
Ordering Information

Ordering Information

Table 1 MC9S12DP256 Device Ordering Information

Temperature
Package Voltage Frequency Order Number
Range Designator
112-Pin QFP —40 to +125°C C,VM 5V 25MHz TBD

Table 2 MC9S12DP256 Development Tools Ordering Information

Description Details Order Number

TBD
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Central Processing Unit (CPU)
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Intfroduction

The STAR12 CPU is a high-speed, 16-bit processing unit. It has full
16-bit data paths and wider internal registers (up to 20 bits) for
high-speed extended math instructions. The instruction set is a proper
superset of the M68HC11linstruction set. The STAR12 CPU allows
instructions with odd byte counts, including many single-byte
instructions. This provides efficient use of ROM space. An instruction
pipe buffers program information so the CPU always has immediate
access to at least three bytes of machine code at the start of every
instruction. The STAR12 CPU also offers an extensive set of indexed
addressing capabilities.

MC9S12DP256 — Revision 1.1
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Programming Model

STAR12 CPU registers are an integral part of the CPU and are not
addressed as if they were memory locations.

B 0| 8-BIT ACCUMULATORS A &B

OR
0| 16-BIT DOUBLE ACCUMULATOR D

15 D
15 IX 0| INDEX REGISTER X
15 Y 0| INDEXREGISTERY
15 SP 0| STACK POINTER
15 PC 0| PROGRAM COUNTER

Z |V |C| CONDITION CODE REGISTER

‘— CARRY
OVERFLOW
—  ZERO
— NEGATIVE

IRQ INTERRUPT MASK (DISABLE)

HALF-CARRY FOR BCD ARITHMETIC

XIRQ INTERRUPT MASK (DISABLE)

STOP DISABLE (IGNORE STOP OPCODES)

Figure 1 Programming Model

Accumulators A and B are general-purpose 8-bit accumulators used to
hold operands and results of arithmetic calculations or data
manipulations. Some instructions treat the combination of these two
8-bit accumulators as a 16-bit double accumulator (accumulator D).

MC9S12DP256 — Revision 1.1
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Central Processing Unit (CPU)
Programming Model

Index registers X and Y are used for indexed addressing mode. In the
indexed addressing mode, the contents of a 16-bit index register are

added to 5-bit, 9-bit, or 16-bit constants or the content of an accumulator
to form the effective address of the operand to be used in the instruction.

Stack and Memory Layout

~ ~

SP BEFORE INTERRUPT &—— HIGHER ADDRESSES *

SP AFTER INTERRUPT &——

LOWER ADDRESSES *

I~

STACK UPON ENTRY TO SERVICE ROUTINE
IF SP WAS EVEN BEFORE INTERRUPT

STACK UPON ENTRY TO SERVICE ROUTINE
IF SP WAS ODD BEFORE INTERRUPT

SP +6 YL RTNy SP+7 SP+7 RTNy RTN, SP +8
SP+4 X, Yy SP+5 SP+5 Yy YL SP +6
SP +2 A X SP+3 SP+3 X X, SP+4
SP CCR B SP+1 SP+1 B A SP +2
SP-2 sP-1 SP - CCR SP

Figure 2 Stack and Memory Layout
Stack pointer (SP) points to the last stack location used. The STAR12

CPU supports an automatic program stack that is used to save system
context during subroutine calls and interrupts, and can also be used for

MC9S12DP256 — Revision 1.1
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Central Processing Unit (CPU)

temporary storage of data. The stack pointer can also be used in all
indexed addressing modes.

Program counter is a 16-bit register that holds the address of the next
instruction to be executed. The program counter can be used in all
indexed addressing modes except autoincrement/decrement.

Condition Code Register (CCR) contains five status indicators, two
interrupt masking bits, and a STOP disable bit. The five flags are half
carry (H), negative (N), zero (2), overflow (V), and carry/borrow (C). The
half-carry flag is used only for BCD arithmetic operations. The N, Z, V,
and C status bits allow for branching based on the results of a previous
operation.

Data Types

The STAR12 CPU supports the following data types:

» Bitdata
* 8-bit and 16-bit signed and unsigned integers
* 16-bit unsigned fractions

* 16-bit addresses

A byte is eight bits wide and can be accessed at any byte location. A
word is composed of two consecutive bytes with the most significant
byte at the lower value address. There are no special requirements for
alignment of instructions or operands.

MC9S12DP256 — Revision 1.1
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Central Processing Unit (CPU)
Addressing Modes

Addressing Modes

Addressing modes determine how the CPU accesses memory locations
to be operated upon. The STAR12 CPU includes all of the addressing
modes of the M6BHC11 CPU as well as several new forms of indexed
addressing. Table 3 is a summary of the available addressing modes.

Table 3 M68HC12 Addressing Mode Summary

Addressing Mode Source Format Abbreviation Description
INST
Inherent (no externally supplied INH Operands (if any) are in CPU registers
operands)
. INST #opr8i Operand is included in instruction stream
Immediate or MM 8- or 16-bit size implied by context
INST #opri6i plied by
. Operand is the lower 8-bits of an address in the
Direct INST opr8a DIR range $0000 — $O0FF
Extended INST oprlé6a EXT Operand is a 16-bit address
. INST rel8 An 8-bit or 16-bit relative offset from the current
Relative or REL c is supplied in the instruction
INST rel16 P PP
Indexed INST oprx5,xys, IDX 5-bit signed constant offset from x, y, sp, or pc
(auto ;Peq(‘i)e(zi?ement) INST oprx3,—xys IDX Auto pre-decrement x, y,orspby 1 ~8
Indexed ;
(auto pre-increment) INST oprx3,+xys IDX Auto pre-increment x, y, or spby 1 ~ 8
Indexed
(auto post- INST oprx3,xys— IDX Auto post-decrement x,y,orspby 1 ~8
decrement)
Indexed
(auto INST oprx3,xys+ IDX Auto post-increment x, y,orspby 1 ~8
post-increment)
Indexed INST abd,xysp IDX Indexed with 8-bit (A or B) or 16-bit (D)
(accumulator offset) accumulator offset from x, y, sp, or pc
Indexed INST 00rx9.xVs IDX1 9-bit signed constant offset from X, y, sp, or pc
(9-bit offset) PIx=,xysp (lower 8-bits of offset in one extension byte)
Indexed 16-bit constant offset from X, y, sp, or pc
(16-bit offset) INST oprx16,xysp IDX2 (16-bit offset in two extension bytes)
Indexed-Indirect Pointer to operand is found at...
(16-bit offset) INST [oprx16,xysp] [IDX2] 16-bit constant offset from X, y, sp, or pc
(16-bit offset in two extension bytes)
Indexed-Indirect : .
(D accumulator INST [D,xysp] [D.IDX] Pointer to operand is found at...

offset)

X, Y, Sp, or pc plus the value in D
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Indexed Addressing Modes

The STAR12 CPU indexed modes reduce execution time and eliminate
code size penalties for using the Y index register. STAR12 CPU indexed
addressing uses a postbyte plus zero, one, or two extension bytes after
the instruction opcode. The postbyte and extensions do the following
tasks:

» Specify which index register is used.
* Determine whether a value in an accumulator is used as an offset.
* Enable automatic pre- or post-increment or decrement

» Specify use of 5-bit, 9-bit, or 16-bit signed offsets.
Table 4 Summary of Indexed Operations

Postbyte

Source Code

Code (xb) Syntax Comments
ronNANN ;:r 5-bit constant offset n = -16 to +15
_;1 . rr can specify X, Y, SP, or PC
Constant offset (9- or 16-bit signed)
nr z-0 = 9-bit with sign in LSB of postbyte(s)
111rrOzs —|’1 . 1 = 16-bit
' if z=s =1, 16-bit offset indexed-indirect (see below)
rr can specify X, Y, SP, or PC
16-bit offset indexed-indirect
11101l [n.1] rr can specify X, Y, SP, or PC
. Auto pre-decrement/increment or Auto post-decrement/increment;
rrlpnnnn n,r— n’r+ p = pre-(0) or post-(1), n=-8to -1, +1 to +8
' ’ rr can specify X, Y, or SP (PC not a valid choice)
Accumulator offset (unsigned 8-bit or 16-bit)
aa-00 = A
AT 01=B
tiiriaa o 10 = D (16-bit)
' 11 = see accumulator D offset indexed-indirect
rr can specify X, Y, SP, or PC
11117111 D] Accumulator D offset indexed-indirect

rr can specify X, Y, SP, or PC
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Opcodes and Operands

Opcodes and Operands

The STAR12 CPU uses 8-bit opcodes. Each opcode identifies a
particular instruction and associated addressing mode to the CPU.
Several opcodes are required to provide each instruction with a range of
addressing capabilities.

Only 256 opcodes would be available if the range of values were
restricted to the number that can be represented by 8-bit binary
numbers. To expand the number of opcodes, a second page is added to
the opcode map. Opcodes on the second page are preceded by an
additional byte with the value $18.

To provide additional addressing flexibility, opcodes can also be
followed by a postbyte or extension bytes. Postbytes implement certain
forms of indexed addressing, transfers, exchanges, and loop primitives.
Extension bytes contain additional program information such as
addresses, offsets, and immediate data.
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Instruction Set Summary

The following table defines the special characters used to describe the
effects of instruction execution on the status bits in the condition codes
register (SXHINZVC column).

Table 5 Condition Code Changes

Special Character

Description

Status bit not affected by operation.

Status bit cleared by operation.

Status bit set by operation.

Status bit affected by operation.

0
1
A
I

Status bit may be cleared or remain set, but is not set
by operation.

f

Status bit may be set or remain cleared, but the final
state is not defined.

Status bit may be changed by operation but the final

? . .
' state is not defined.
! Status bit used for a special purpose.
: Address Machine :
Source Form Operation Mode Coding (Hex) Access Detail SXHINZVC
ABA AddBto A; (A)+(B)O A INH 1806 06 [—[-]a[-[a[a]a]a]
ABX Add B to X; (X)+(B)O X; assembles as |IDX 1AE5 Pf === [=[-[-[-]]
LEAXB,X
ABY AddBtoY; (Y)+(B)O Y;assembles as |IDX 19ED Pf EEEEEEEE
LEAY B,Y
ADCA#opr8i Add with carry to A; (A)+(M)+CO A or |IMM 89ii P
ADCA opr8a (A)+imm+CO A DIR 99 dd r Pf I-lal-Jajajaia
ADCA oprl6a EXT B9 hhl | r PO
ADCA oprx0_xysppc IDX A9 xb r Pf
ADCA oprx9,xysppc IDX1 A9 xb f f r PO
ADCA oprx16,xysppc IDX2 A9 xbeeff frPP
ADCA [D,xysppc] [D,IDX] |A9 xb fIfrpPf
ADCA [oprx16,xysppc] [IDX2] A9 xbeeff f1PrpPf
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Source Form Operation Aﬁﬂ%rde:s Co'\éliancg;“(rllﬂ%x) Access Detail SXHINZVC
ADCB #0pr8i Add with carry to B; (B)+(M)+CO B or |IMM Coii P
ADCB opr8a (B)+imm+CO B DIR D9 dd r Pf —I-lal-]ajajala|
ADCB oprl6a EXT FOhhll r PO
ADCB oprx0_xysppc IDX E9 xb r Pf
ADCB oprx9,xysppc IDX1 E9 xb f f r PO
ADCB oprx16,xysppc IDX2 E9 xbeeff frPP
ADCB [D,xysppc] [D,IDX] |E9xb flfrpPf
ADCB [oprx16,xysppc] [IDX2] E9 xbeeff f1PrpPf
ADDA #0pr8i Addto A; (A)+(M)C A or (A)+immO A |IMM 8Bi i P
ADDA opr8a DIR 9Bdd r Pf =I-lal-Jajajaia
ADDA oprl6a EXT BBhhl | r PO
ADDA oprx0_xysppc IDX ABxb r Pf
ADDA oprx9,xysppc IDX1 ABxDb f f r PO
ADDA oprx16,xysppc IDX2 ABxbeeff frPP
ADDA [D,xysppc] [D,IDX] |ABxb fIfrpPf
ADDA [oprx16,xysppc] [IDX2] ABxbeeff f1PrPf
ADDB #o0pr8i Add to B; (B)+(M)O B or (B)+immO B |[IMM CBii P
ADDB opr8a DIR DBdd r Pf =I-lal-1alajaja)
ADDB opri6a EXT FBhh | r PO
ADDB oprx0_xysppc IDX EBxb r Pf
ADDB oprx9,xysppc IDX1 EBxb f f r PO
ADDB oprx16,xysppc IDX2 EBxbeeff frPP
ADDB [D,xysppc] [D,IDX] |EBxb flfrPf
ADDB [oprx16,xysppc] [IDX2] EBxbeeff f1PrpPf
ADDD #0pr16i Addto D; (A:B)+(M:M+1)00 A:B or IMM C3jj kk PO
ADDD opr8a (A:B)+imm0O A:B DIR D3 dd RPf —I=I=I-lalajala|
ADDD opri6a EXT F3hhll RPO
ADDD oprx0_xysppc IDX E3 xb RPf
ADDD oprx9,xysppc IDX1 E3xbff RPO
ADDD oprx16,xysppc IDX2 E3xbeeff f RPP
ADDD [D,xysppc] [D,IDX] |E3xb f1fRPf
ADDD [oprx16,xysppc] [IDX2] E3xbeeff f I PRPf
ANDA #opr8i AND with A; (A)*(M)C A or IMM 84ii P
ANDA opr8a (A)simm0 A DIR 94 dd r Pf =I=I=I-Jalalol-
ANDA oprl6a EXT B4 hhl | r PO
ANDA oprx0_xysppc IDX Ad xb r Pf
ANDA oprx9,xysppc IDX1 A4 xbff r PO
ANDA oprx16,xysppc IDX2 A xbeeff frPP
ANDA [D,xysppc] [D,IDX] |A4xb fIfrpPf
ANDA [oprx16,xysppc] [IDX2] A xbeeff f1PrPf
ANDB #o0pr8i AND with B; (B)«(M)O B or IMM CAii P
ANDB opr8a (B)simm{ B DIR D4 dd r Pf =I-I-I-Jalalol
ANDB opri6a EXT F4hhll r PO
ANDB oprx0_xysppc IDX E4 xb r Pf
ANDB oprx9,xysppc IDX1 E4xbff r PO
ANDB oprx16,xysppc IDX2 E4 xbeeff frPP
ANDB [D,xysppc] [D,IDX] |E4xb flfrPf
ANDB [oprx16,xysppc] [IDX2] E4 xbeeff f1PrpPf
ANDCC #opr8i AND with CCR; (CCR)«imm[ CCR IMM 10i i P [obdohdob [ |
ASL opri6a Arithmetic shift left M; same as LSL  |EXT 78hhl 1l r PwO
ASL oprx0_xysp [(¢{ T[T leo0 IDX 68 xb r Pw =I-I-I-lalajala]
ASL oprx9,xysppc C b7 b0 IDX1 68 xbff r PwWO
ASL oprx16,xysppc IDX2 68xbeeff fr PwP
ASL [D,xysppc] [D,IDX] |68 xb flfrPw
ASL [oprx16,xysppc] [IDX2] 68xbeeff f 1 PrPw
ASLA Arithmetic shiftleft A; same as LSLA |INH 48 o}
ASLB Arithmetic shiftleft B; same as LSLB [INH 58 (0]
ASLD Arithmetic shiftleft D; same as LSLD INH 59 (0] [E[=[=[-]ala]a]a]

[J&{[[ [[{I] T[]l&0
C b7 A b0 b7 B bO

MC9S12DP256 — Revision 1.1

Central Processing Unit (CPU)

For More Information On This Product,
Go to: www.freescale.com




Freescale Semiconductor, Inc.

Central Processing Unit (CPU)

Address

Machine

(PC)+2+reld PC

P (no branch)

Source Form Operation Mode Coding (Hex) Access Detail SXHINZVC

ASR oprl6a Arithmetic shift right M EXT 77hhll r PwO

ASR oprx0_xysppc IDX 67 xb r Pw EEEERRRR

ASR 0prx9,xysppc %:\:\:D:Dj—ﬂj IDX1 67xbff r PwO

ASR oprx16,xysppc b7 b0 C IDX2 67 xbeeff fr PP

ASR [D,xysppc] [D,IDX] |67 xb flfrPw

ASR [oprx16,xysppc] [IDX2] 67 xbeeff f1PrPw

ASRA Arithmetic shift right A INH 47 0

ASRB Arithmetic shift right B INH 57 o

BCC rel8 Branchif C clear; if C=0, then REL 24rr PPP (branch) _
(PC)+2+reld PC; same as BHS P (no branch) ==

BCLR opr8a, msk8 DIR 4Ddd mm r PwO _

BCLR opri6a, msk8 EXT 1Dhh1 | mm r PwP =I=I=I-[alafol-

BCLR oprx0_xysppc, msk8 Clear bit(s) in M; (M)s(mask byte)d0 M |IDX ODxb mm r PwO

BCLR oprx9,xysppc, msk8 IDX1 0Dxb ff mm r PwP

BCLR oprx16,xysppc, msk8 IDX2 ODxbeeff nm |fr PWPO

BCS rel8 Branchif C set; if C=1, then REL 25rr PPP (branch) _
(PC)+2+reld PC; same as BLO P (no branch) e

BEQ rel8 Branchif equal; if Z=1, then REL 27rr PPP (branch) [F[-I-I=]-]-]-]7]
(PC)+2+reld PC P (no branch) EEEEEESs

BGE rel8 Branchif 20, signed; ifNOV=0,then [REL 2Crr PPP (branch)
(PC)+2+reld PC P (no branch) ==

BGND Enter background debug mode INH 00 Vf PPP EEEEEEEE

BGT rel8 Branch if > 0, signed; ifZ | (NOV)=0, [REL 2Err PPP (branch) _
then (PC)+2+reld PC P (no branch) ==

BHI rel8 Branch if higher, unsigned,; if C | Z=0, | REL 22rr PPP (branch) [F[-I-I=]-]-]-]7]
then (PC)+2+rell] PC P (no branch) ==

BHS rel8 Branchifhigherorsame,unsigned;if ~ [REL 24rr PPP (branch) EEEEEEEE
C=0,then(PC)+2+rell] PC;sameas P (no branch) ==
BCC

BITA#opr8i Bittest A; (A)+(M) or (A)simm IMM 85ii P

BITA opr8a DIR 95dd r Pf =I==I-1alajol]

BITA opri6a EXT B5hhl | r PO

BITA oprx0_xysppc IDX A5 xb r Pf

BITA oprx9,xysppc IDX1 A5 xb f f r PO

BITA oprx16,xysppc IDX2 A5xbeeff frPP

BITA [D,xysppc] [D,IDX] |A5xb filfrPf

BITA [oprx16,xysppc] [IDX2] A5xbeeff f1PrPf

BITB #opr8i Bittest B; (B)*(M) or (B)simm IMM C5ii P

BITB opr8a DIR D5 dd r Pf =I=I=I-fafalol

BITB opri6a EXT F5hhil r PO

BITB oprx0_xysppc IDX E5 xb r Pf

BITB oprx9,xysppc IDX1 E5 xb f f r PO

BITB oprx16,xysppc IDX2 E5xbeeff frPP

BITB [D,xysppc] [D,IDX] |[E5xb flfrPpf

BITB [oprx16,xysppc] [IDX2] E5xbeeff f1PrPf

BLE rel8 Branchif< 0,signed;ifZ | (NOV)=1, REL 2Frr PPP (branch) _
then (PC)+2+rell] PC P (no branch) e

BLO rel8 Branchiflower, unsigned; if C=1, then |REL 25rr PPP (branch) [F[-I-I=]=]-]-]7]
(PC)+2+rell] PC; same as BCS P (no branch) ==

BLS rel8 Branchif lower or same, unsigned; if |REL 23rr PPP (branch)
C | Z=1,then (PC)+2+reld PC P (no branch) ==

BLT rel8 Branchif < 0, signed; ifNOV=1,then |REL 2Drr PPP (branch) _
(PC)+2+reld PC P (no branch) e

BMl rel8 Branch if minus; if N=1, then REL 2Brr PPP (branch) [F[-I-I=]=]-]-]7]
(PC)+2+reld PC P (no branch) ===

BNE rel8 Branch if not equal to 0; if Z=0,then |REL 26rr PPP (branch) EEEEEEEE

MC9S12DP256 — Revision 1.1

Central Processing Unit (CPU)

For More Information On This Product,

Go to: www.freescale.com




g |

Freescale Semiconductor, Inc.

Central Processing Unit (CPU)
Instruction Set Summary

: Address Machine :
Source Form Operation Mode Coding (Hex) Access Detail SXHINZVC
BPL rel8 Branchif plus; if N=0, then REL 2Arr PPP (branch) [FTT=1=]-]-]7]
(PC)+2+rell PC P (no branch) ==
BRA rel8 Branch always REL 20rr PPP [=[==[=[-[-][-]]
BRCLR opr8a, msk8, rel8 Branch if bit(s) clear; if DIR AFdd mmr r r PPP _
BRCLR oprl6a, msk8, rel8 (M)¢(mask byte)=0, then EXT 1Fhh!Il mmrr r f PPP ERERREES
BRCLR oprx0_xysppc, msk8, rel8 (PC)+2+relll PC IDX OF xb nmrr r PPP
BRCLR oprx9,xysppc, msk8, rel8 IDX1 OFxbff mmrr r f PPP
BRCLR oprx16,xysppc, msk8, rel8 IDX2 OFxbeeff nmrr |PrfPPP
BRN rel8 Branch never REL 21rr P EEEEEEES
BRSET opr8, msk8, rel8 Branch if bit(s) set; if DIR AEdd mmr r r PPP _
BRSET oprl6a, msk8, rel8 (M)+(mask byte)=0, then EXT 1EhhII mmrr rf PPP ==
BRSET oprx0_xysppc, msk8, rel8 (PC)+2+reld PC IDX OExb mmrr r PPP
BRSET oprx9,xysppc, msk8, rel8 IDX1 OExbff mmrr rf PPP
BRSET oprx16,xysppc, msk8, rel8 IDX2 OExbeeff mmrr |PrfPPP
BSET opr8, msk8 Setbit(s) in M; (M) | (mask byte)d M [DIR 4Cdd nm r PwWO _
BSET oprl6a, msk8 EXT 1Chh!l I mm r PwP =I=I=I-]a]alol-
BSET oprx0_xysppc, msk8 IDX 0Cxb mm r PwO
BSET oprx9,xysppc, msk8 IDX1 0Cxbff mm r PwP
BSET oprx16,xysppc, msk8 IDX2 0Cxbeeff nm |frPwWPO
BSR rel8 Branch to subroutine; (SP)-20 SP; REL 07rr SPPP EEEEEEEE
RTNHRTNLD MSP:MSP+1; ========
(PC)+2+reld PC
BVC rel8 Branchif V clear; if V=0, then REL 28rr PPP (branch) [<[-I-1=]=]-]-]7]
(PC)+2+reld PC P (no branch) ===
BVS rel8 BranchifV set; if V=1, then REL 29rr PPP (branch) EEEEEEEE
(PC)+2+relll PC P (no branch) ===
CALL opri6a, page Call subroutine in expanded memory; [EXT 4Ahh1 | pg gnSsPPP _
CALL oprx0_xysppc, page (SP)-20 SP; IDX 4Bxb pg gnSsPPP ==
CALL oprx9,xysppc, page RTNK:RTN O Mgp:Mgp41; IDX1 4Bxbff pg gnSsPPP
CALL oprx16,xysppc, page (SP)-10 SP; (PPG)0 Mgp; IDX2 4Bxbeeff pg f gnSsPPP
CALL [D,xysppc] pgll PPAGE register; [D,IDX] |4Bxb flignSsPPP
CALL [oprx16, xysppc] subroutine addressDyPC [IDX2] 4Bxbeeff f1ignSsPPP
CBA Compare Ato B; (A)—(B) INH 1817 (0 0) EEEEARARR
CLC Clear C; assembles as ANDCC #$FE IMM 10 FE P EEEEEEEN
CLI Clear I; assembles as ANDCC #$EF  [IMM 10 EF P EEENEEEE
CLR opri6a Clear M; $000 M EXT 79hhll PwWO 1
CLR oprx0_xysppc IDX 69 xb Pw =I=I=I-Jof2[olo
CLR oprx9,xysppc IDX1 69 xbff PwWO
CLR oprx16,xysppc IDX2 69xbeeff PwP
CLR [D,xysppc] [D,IDX] [69xb Pl fw
CLR [oprx16,xysppc] [IDX2] 69xbeeff Pl Pw
CLRA Clear A; $000 A INH 87 (0]
CLRB Clear B; $000 B INH c7 o}
CLv Clear V; assembles as ANDCC #$FD IMM 10FD P EEEEEEEE
CMPA#opr8i Compare A; (A)—(M) or (A)—imm IMM 81ii P
CMPA opr8a DIR 91dd r Pf =I==I-falaala
CMPA opri6a EXT Blhhll r PO
CMPA oprx0_xysppc IDX Al xb r Pf
CMPA oprx9,xysppc IDX1 Al xbff r PO
CMPA oprx16,xysppc IDX2 Al xbeeff frPP
CMPA [D,xysppc] [D,IDX] |Alxb flfrpPf
CMPA [oprx16,xysppc] [IDX2] Al xbeeff f1PrPf
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Address

Machine

if (counter)#0, then branch

Source Form Operation Mode Coding (Hex) Access Detail SXHINZVC
CMPB #opr8i Compare B; (B)—(M) or (B)—imm IMM Clii P
CMPB opr8a DIR D1 dd r Pf I=I--falaaia
CMPB oprl6a EXT Flhhll r PO
CMPB oprx0_xysppc IDX El xb r Pf
CMPB oprx9,xysppc IDX1 Elxbff r PO
CMPB oprx16,xysppc IDX2 Elxbeeff frPP
CMPB [D,xysppc] [D,IDX] |[E1xb flfrpPf
CMPB [0oprx16,xysppc] [IDX2] Elxbeeff f1PrPf
COM opri6a Complement M; (M)=$FF-(M)O M EXT 71hhll r PwO (—[-[-]-]a[a[o]1]
COM oprx0_xysppc IDX 61 xb r Pw =I==I-fa]afoly
COM oprx9,xysppc IDX1 61xbff r PwWO
COM oprx16,xysppc IDX2 61xbeeff fr PP
COM [D,xysppc] [D,IDX] |61xb flfrPw
COM [oprx16,xysppc] [IDX2] 61xbeeff f1PrPw
COMA ComplementA; (A)=$FF—(A)0 A INH 41 0
COMB Complement B; (B)=$FF—(B)J B INH 51 (0]
CPD #opr16i Compare D; (A:B)-(M:M+1) or IMM 8Cjj kk PO
CPD opr8a (A:B)—imm DIR 9Cdd RPf l==I-1ajajala)
CPD oprl6a EXT BChhl | RPO
CPD oprx0_xysppc IDX ACxb RPf
CPD oprx9,xysppc IDX1 ACxb f f RPO
CPD oprx16,xysppc IDX2 ACxbeeff f RPP
CPD [D,xysppc] [D,IDX] |ACxb f1fRPf
CPD [oprx16,xysppc] [IDX2] ACxbeeff f I PRPf
CPS #opri16i Compare SP; (SP)—~(M:M+1) or IMM 8Fjj kk PO
CPS opr8a (SP)—imm DIR 9F dd RPf =I==I-1alajaja)
CPS opri6a EXT BFhh! | RPO
CPS oprx0_xysppc IDX AF xb RPf
CPS oprx9,xysppc IDX1 AFxbff RPO
CPS oprx16,xysppc IDX2 AFxbeeff f RPP
CPS [D,xysppc] [D,IDX] |[AFxb f1fRPf
CPS [oprx16,xysppc] [IDX2] AFxbeeff f 1 PRPf
CPX#opri16i Compare X; (X)—(M:M+1) or (X)—imm |IMM 8Ejj kk PO
CPX opr8a DIR 9Edd RPf =I=l=-falaaia
CPXopri6a EXT BEhh! | RPO
CPX oprx0_xysppc IDX AExb RPf
CPX oprx9,xysppc IDX1 AExb f f RPO
CPX oprx16,xysppc IDX2 AExbeeff f RPP
CPX|[D,xysppc] [D,IDX] [AEXxb fIfRPf
CPX[oprx16,xysppc] [IDX2] AExbeeff f 1 PRPf
CPY #oprl6i Compare Y; (Y)-(M:M+1) or (Y)—imm |IMM 8Djj kk PO
CPY opr8a DIR 9Ddd RPf =I=I=-falaala
CPY opri6a EXT BDhh1 | RPO
CPY oprx0_xysppc IDX ADxb RPf
CPY oprx9,xysppc IDX1 ADxb f f RPO
CPY oprx16,xysppc IDX2 ADxbeeff f RPP
CPY [D,xysppc] [D,IDX] |ADxb f1fRPf
CPY [oprx16,xysppc] [IDX2] ADxbeeff f | PRPf
DAA Decimal adjust A for BCD INH 1807 a0 EEEENRRR
DBEQ abdxysp, rel9 Decrementand branch if equal to 0; REL O4lbrr PPP (branch)
(counter)-10 counter; (9-bit) PPO (no branch) ==
if (counter)=0, then branch
DBNE abdxysp, rel9 Decrementand branchifnotequaltoO; | REL O4lbrr PPP (branch)
(counter)-10 counter; (9-bit) PPO (no branch) ===
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: Address Machine :
Source Form Operation Mode Coding (Hex) Access Detail SXHINzZVC
DEC opri6a Decrement M; (M)-10 M EXT 73hhll r PwO
DEC oprx0_xysppc IDX 63 xb r Pw =I==I-falaal
DEC oprx9,xysppc IDX1 63 xbff r PwO
DEC oprx16,xysppc IDX2 63xbeeff fr PwP
DEC [D,xysppc] [D,IDX] |63 xb flfrPw
DEC [oprx16,xysppc] [IDX2] 63 xbeeff f1PrPw
DECA DecrementA; (A)-10 A INH 43 0]
DECB DecrementB; (B)-10 B INH 53 (0]
DES Decrement SP; (SP)-10 SP; IDX 1B9F pf [<[-I-=]=]-]-]7]
assembles as LEAS-1,SP ===
DEX Decrement X; (X)—-10 X INH 09 (0] EEEEEAEE
DEY DecrementY; (Y)-10 Y INH 03 (0] EEEEENEE
EDIV Extended divide, unsigned; 32 by 16 to | INH 11 fEffffffffoO [<[-[-]-]alala[a]
16-bit; (Y:D)+(X)O Y; remainderd D =I=-I-falaala
EDIVS Extended divide, signed; 32by 16to  |INH 1814 Offfffffffo _
16-bit; (Y:D)+(X)C Y; remainderd D =I==I-falaala
EMACS opri6a Extended multiply and accumulate, |[Special [1812hhl | ORRO f f RRf WAP EEEEARARR
signed; (My:My.1)X(My:My.1)+
(M~M+3)0 M~M+3; 16 by 16 to 32-bit
EMAXD oprx0_xysppc Extended maximuminD; putlargerof2 |IDX 18 1Axb ORPf EEEERRN
EMAXD oprx9,xysppc unsigned 16-bit values in D; IDX1 18 1AXbff ORPO
EMAXD oprx16,xysppc MAX[(D), (M:M+1)]0 D; IDX2 18 1Axbeeff O RPP
EMAXD [D,xysppc] N, Z,V, Cbitsreflectresult ofinternal |[D,IDX] |18 1Axb O | f RPf
EMAXD [oprx16,xysppc] compare [(D)—(M:M+1)] [IDX2] 181Axbeeff O | PRPf
EMAXM oprx0_xysppc Extended maximum in M; put larger of |IDX 18 1Exb ORPW EEEEAARN
EMAXM oprx9,xysppc 2 unsigned 16-bit values in M; IDX1 18 1Exbff ORPWO
EMAXM oprx16,xysppc MAX[(D), (M:M+1)]00 M:M+1,; IDX2 18 1Exbeeff O RPVWP
EMAXM [D,xysppc] N, Z,V, Cbitsreflectresult ofinternal |[D,IDX] |18 1Exb O | f RPW
EMAXM [oprx16,xysppc] compare [(D)—(M:M+1)] [IDX2] 18 1Exbeeff O | PRPW
EMIND oprx0_xysppc Extended minimum in D; put smaller of | IDX 18 1Bxb ORPf EEEENN
EMIND oprx9,xysppc 2 unsigned 16-bit values in D; IDX1 18 1Bxbff ORPO =I=-I-falaala
EMIND oprx16,xysppc MIN[(D), (M:M+1)]0 D; IDX2 18 1Bxbeeff O RPP
EMIND [D,xysppc] N, Z,V, Cbits reflect result of [D,IDX] |18 1Bxb O | f RPf
EMIND [oprx16,xysppc] internal compare [(D)—~(M:M+1)] [IDX2] 18 1Bxbeeff O | PRPf
EMINM oprx0_xysppc Extended minimumin M; putsmaller of [ IDX 18 1F xb ORPW [=[-]=[-[a[2]a]A]
EMINM oprx9,xysppc 2 unsigned 16-bit valuesin M; IDX1 18 1Fxbff ORPWO
EMINM oprx16,xysppc MIN[(D), (M:M+1)]0 M:M+1; IDX2 181Fxbeeff O RPWP
EMINM [D,xysppc] N, Z,V, Cbitsreflectresult of internal |[D,IDX] |18 1Fxb O | f RPW
EMINM [oprx16,xysppc] compare [(D)—(M:M+1)] [IDX2] 181Fxbeeff O | PRPW
EMUL Extended multiply, unsigned; INH 13 ffo _
(D)x(Y)O Y:D; 16 by 16 to 32-bit EREREREH
EMULS Extended multiply, signed; INH 1813 (o yo] EEEENEN
(D)x(Y)O Y:D; 16 by 16 to 32-bit O f O(if followed by =I=I-I-falal-Ta
page 2 instruction)
EORA#opr8i Exclusive ORA; (A)O(M)J A or IMM 88ii P
EORA opr8a (A)DimmO A DIR 98 dd r Pf =I=I-I-Jalalol-
EORA opri6a EXT B8hhll r PO
EORA oprx0_xysppc IDX A8 xb r Pf
EORA oprx9,xysppc IDX1 A8 xbff r PO
EORA oprx16,xysppc IDX2 A8 xbeeff frPP
EORA [D,xysppc] [D,IDX] |A8xb fiIfrpPf
EORA [0oprx16,xysppc] [IDX2] A8 xbeeff f1PrPf
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: Address Machine ;
Source Form Operation Mode Coding (Hex) Access Detail SXHINZVC
EORB #opr8i Exclusive OR B; (B)O(M)O B or IMM C8ii P
EORB opr8a (B)OimmO B DIR D8 dd r Pf =I=I=I-Jalafol-
EORB oprl6a EXT F8hhl I r PO
EORB oprx0_xysppc IDX E8 xb r Pf
EORB oprx9,xysppc IDX1 E8 xbf f r PO
EORB oprx16,xysppc IDX2 E8 xbeeff frPP
EORB [D,xysppc] [D,IDX] |E8xb flfrPf
EORB [oprx16,xysppc] [IDX2] E8 xbeeff f1PrPf
ETBL oprx0_xysppc Extended table lookup and interpolate, [ IDX 18 3F xb ORRFfffffP
16-bit; (M:M+1)+[(B)x EEEERREE
((M+2:M+3)—~(M:M+1))]0 D
Before executing ETBL, initialize B with fractional part of lookup value; initialize index register to point to first table entry (M:M+1). No extensions or
indirect addressing allowed.
EXG abcdxysp,abcdxysp Exchange register contents; INH B7 eb P EEEEEEEE
(rl) = (r2);rl1 and r2 same size or
$00:(r1)0 r2;r1=8-bit; r2=16-bit or
(r1)) < (r2);r1=16-bit; r2=8-bit
FDIV Fractional divide; 16 by 16-bit; INH 1811 OfffffffffoO _
(D)=(X)O X; remainder D ERRRRIANA
IBEQ abdxysp, rel9 Increment and branch if equal to O; REL Odlbrr PPP (branch) EEEEEEEE
(counter)+10 counter; (9-bit) PPO (no branch) ==
if (counter)=0, then branch
IBNE abdxysp, rel9 Increment and branch if not equal to O; | REL O4lbrr PPP (branch) [F[-I-I=]=]-]-]7]
(counter)+10 counter; (9-bit) PPO (no branch) ==
if (counter)#0, then branch
IDIV Integer divide, unsigned; 16 by 16-bit; [INH 1810 OfffffffffoO _
(D)=(X)O X; remainder D BRRRRACR
IDIVS Integer divide, signed; 16 by 16-bit; INH 1815 Offfffffffo EEEENYY
(D)+(X)O X; remainderd D I=I--falaaia
INC opri6a Increment M; (M)+10 M EXT 72hhll r PwO
INC oprx0_xysppc IDX 62 xb r Pw =I=I=I-falalal
INC oprx9,xysppc IDX1 62xbff r PwO
INC oprx16,xysppc IDX2 62xbeeff fr PP
INC [D,xysppc] [D,IDX] |[62xb flfrPw
INC [oprx16,xysppc] [IDX2] 62xbeeff f1PrPw
INCA Increment A; (A)+10 A INH 42 O
INCB Increment B; (B)+10 B INH 52 O
INS Increment SP; (SP)+10 SP; IDX 1B81 Pf _
assembles as LEAS 1,SP EEEEEEEE
INX Increment X; (X)+10 X INH 08 (6] F=[-[-[-[a[-]]
INY IncrementY; (Y)+10 Y INH 02 (0] F=[-[F[-[a[-]]
JMP opril6a Jump; subroutine addressO PC EXT 06 hhll PPP [F[-I-I=]=]-]-]7]
JMP oprx0_xysppc IDX 05xb PPP ==
JMP oprx9,xysppc IDX1 05xbff PPP
JMP oprx16,xysppc IDX2 05xbeeff f PPP
JMP [D,xysppc] [D,IDX] |05xb f1fPPP
JMP [oprx16,xysppc] [IDX2] 05xbeeff f1fPPP
JSR opr8a Jump to subroutine; (SP)-20 SP; DIR 17 dd SPPP FE= =
JSR opri6a RTNK:RTN O Mgp:Mgp.1; EXT 16 hhll SPPP
JSR oprx0_xysppc subroutine address] PC IDX 15xb PPPS
JSR oprx9,xysppc IDX1 15xbff PPPS
JSR oprx16,xysppc IDX2 15xbeeff f PPPS
JSR [D,xysppc] [D,IDX] |15xb f1fPPPS
JSR [0prx16,xysppc] [IDX2] 15xbeeff f1fPPPS
LBCC rel16 Long branchif C clear; if C=0,then REL 1824 qqrr OPPP (branch)
(PC)+4+rell PC; same as LBHS OPO (no branch) e,
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: Address Machine :
Source Form Operation Mode Coding (Hex) Access Detail SXHINzZVC

LBCSrel16 Long branchif C set; if C=1,then REL 1825qqrr OPPP (branch) _
(PC)+4+rell PC; same as LBLO OPO (no branch) ==

LBEQ rel16 Long branchif equal; if Z=1,then REL 1827qqrr OPPP (branch) [<[-I-=]=]-]-]7]
(PC)+4+reld PC OPO (no branch) EEEEEEEE

LBGE rel16 Longbranchif=0, signed;ifNOV=0, REL 182Cqqrr OPPP (branch) EEEEEEEE
then (PC)+4+rel] PC OPO (no branch) ===

LBGT rel16 Long branchif > 0, signed; if REL 18 2Eqqrr OPPP (branch) _
Z | (NOV)=0,then (PC)+4+rell PC OPO (no branch) ==

LBHI rel16 Long branch if higher, unsigned; if REL 1822qqrr OPPP (branch) [<[-I-=]=]-]-]7]
C | Z=0,then (PC)+4+reld PC OPO (no branch) ===

LBHS rel16 Long branch if higher or same, REL 1824 qqrr OPPP (branch) EEEEEEEE
unsigned;if C=0,then OPO (no branch) ===
(PC)+4+reld PC;sameasLBCC

LBLE rel16 Long branch if < 0, signed; if REL 18 2Fqqrr OPPP (branch) [=[-I-1=]=]-]-]7]
Z | (NOV)=1,then (PC)+4+reld PC OPO (no branch) ===

LBLO rel16 Longbranchiflower, unsigned; if C=1, | REL 1825qqrr OPPP (branch) _
then (PC)+4+rell PC; same as OPO (no branch) ==
LBCS

LBLS rel16 Longbranchiflowerorsame, unsigned; | REL 1823qqrr OPPP (branch) EEEEEEEE
ifC | Z=1,then (PC)+4+rell] PC OPO (no branch) ===

LBLT rel16 Long branchif<0, signed; ifNOV=1, |REL 182Dqqrr OPPP (branch) _
then (PC)+4+rell PC OPO (no branch) ==

LBMI rel16 Long branch if minus; if N=1,then REL 182Bqqrr OPPP (branch) [<[-I-=]=]-]-]7]
(PC)+4+reld PC OPO (no branch) ===

LBNE rel16 Long branchif not equal to 0; if Z=0, |REL 1826qqrr OPPP (branch) EEEEEEEE
then (PC)+4+rell] PC OPO (no branch) ===

LBPL rel16 Long branch if plus;if N=0,then REL 18 2Aqqrr OPPP (branch) _
(PC)+4+rell PC OPO (no branch) ==

LBRA rel16 Long branch always REL 1820qqrr OPPP [=[==[=[-[-][-]]

LBRN rel16 Long branch never REL 1821qqrr OoPO EEEEEEEE

LBVC rel16 Long branchifV clear; if V=0,then REL 1828qqrr OPPP (branch) _
(PC)+4+reld PC OPO (no branch) EEEEEEEE

LBVSrel16 Long branchifV set; if V=1,then REL 1829qqrr OPPP (branch) [=[-I-1=]=]-]-]7]
(PC)+4+relll PC OPO (no branch) ===

LDAA #opr8i Load A; (M)O A orimmO A IMM 86ii P

LDAA opr8a DIR 96 dd r Pf =I=I=I-]a]alol-

LDAA opri6a EXT B6 hhll r PO

LDAA oprx0_xysppc IDX A6 xb r Pf

LDAA oprx9,xysppc IDX1 A6 xb f f r PO

LDAA oprx16,xysppc IDX2 A6 xbeeff frPP

LDAA [D,xysppc] [D,IDX] |A6xb flfrpPf

LDAA [oprx16,xysppc] [IDX2] A6 xbeeff f1PrpPf

LDAB #opr8i Load B; (M)O B or immO B IMM C6ii P

LDAB opr8a DIR D6 dd r Pf =I=I=I-]a]alol-

LDAB opri6a EXT Féhhll r PO

LDAB oprx0_xysppc IDX E6 xb r Pf

LDAB oprx9,xysppc IDX1 E6 xb f f r PO

LDAB oprx16,xysppc IDX2 E6 xbeeff frPP

LDAB [D,xysppc] [D,IDX] |E6 xb fIfrpPf

LDAB [oprx16,xysppc] [IDX2] E6 xbeeff f1PrPf
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Address

Machine

Source Form Operation Mode Coding (Hex) Access Detail SXHINZVC
LDD #o0pri16i Load D; (M:M+1)00 A:B or immO A:B  [IMM CCjj kk PO
LDD opr8a DIR DCdd RPf =I=I=I-Jalafol-
LDD oprl6a EXT FChh | RPO
LDD oprx0_xysppc IDX ECxb RPf
LDD oprx9,xysppc IDX1 ECxbff RPO
LDD oprx16,xysppc IDX2 ECxbeeff f RPP
LDD [D,xysppc] [D,IDX] |ECxb f1fRPf
LDD [oprx16,xysppc] [IDX2] ECxbeeff f | PRPf
LDS #opr16i Load SP; (M:M+1)0 SP or immO SP  [IMM CFjj kk PO
LDS opr8a DIR DF dd RPf =I=I=I-lalafol
LDS opri6a EXT FFhhll RPO
LDS oprx0_xysppc IDX EF xb RPf
LDS oprx9,xysppc IDX1 EFxbff RPO
LDS oprx16,xysppc IDX2 EFxbeeff f RPP
LDS [D,xysppc] [D,IDX] |[EFxb f1fRPf
LDS [oprx16,xysppc] [IDX2] EFxbeeff f 1 PRPf
LDX #opr16i Load X; (M:M+1)0d X or immQ X IMM CEjj kk PO
LDX opr8a DIR DE dd RPf =I==I-[alafol-
LDX opri6a EXT FEhh!| RPO
LDX oprx0_xysppc IDX EExb RPf
LDX oprx9,xysppc IDX1 EExb f f RPO
LDX oprx16,xysppc IDX2 EExbeeff f RPP
LDX [D,xysppc] [D,IDX] |EExb f1fRPf
LDX [oprx16,xysppc] [IDX2] EExbeeff f I PRPf
LDY #opr16i Load Y; (M:M+1)d Y or immO Y IMM CDjj kk PO
LDY opr8a DIR DDdd RPf =I=I=I-Jalafol-
LDY opri6a EXT FDhh | RPO
LDY oprx0_xysppc IDX EDxb RPf
LDY oprx9,xysppc IDX1 EDxb f f RPO
LDY oprx16,xysppc IDX2 EDxbeeff f RPP
LDY [D,xysppc] [D,IDX] |EDxb f1fRPf
LDY [oprx16,xysppc] [IDX2] EDxbeeff f I PRPf
LEAS oprx0_xysppc Load effective address into SP; IDX 1Bxb Pf EEEEEEEE
LEAS oprx9,xysppc effective address] SP IDX1 1Bxbff PO ==
LEAS oprx16,xysppc IDX2 1Bxbeeff PP
LEAX oprx0_xysppc Load effective address into X; IDX 1Axb pf
LEAX oprx9,xysppc effective addressd X IDX1 1Axbff PO ==
LEAX oprx16,xysppc IDX2 1Axbeeff PP
LEAY oprx0_xysppc Load effective addressinto Y; IDX 19xb pf FE= =
LEAY oprx9,xysppc effective address Y IDX1 19xbff PO
LEAY oprx16,xysppc IDX2 19xbeeff PP
LSL opri6a Logical shift left M; same as ASL EXT 78 hhll r OPw [-[-[-]-]alalala]
LSL oprx0_xysppc [T 11111 leo0 IDX 68 xb r Pw I=l--falaaia
LSL oprx9,xysppc c b7 b0 IDX1 68 xbff r POw
LSL oprx16,xysppc IDX2 68 xbeeff f r PPw
LSL [D,xysppc] [D,IDX] |68 xb flfrPw
LSL [oprx16,xysppc] [IDX2] 68 xbeeff f1PrPw
LSLA Logical shiftleft A; same as ASLA INH 48 o
LSLB Logical shiftleft B; same as ASLB INH 58 o
LSLD Logical shiftleft D; same as ASLD INH 59 O [F[-[-[-[a[2]2]4]

[J&{ [ T[«{T] []l&0
C b7 A b0 b7 B bO

LSR opri6a Logical shiftright M EXT 74hhl | r PwO
LSR oprx0_xysppc o » [ [ 11111 »] IDX 64 xb r Pw =I=I=-ofajaia
LSR oprx9,xysppc b7 b0 C IDX1 64 xbff r PwO
LSR oprx16