Freescale Semiconductor, Inc.

U Address Register Update U
Operation: Assembler Syntax:

(..... ); eald Rn (cvn.. ) ea
where (..... ) refers to any arithmetic or logical instruction which allows parallel moves.

Description: Update the specified address register according to the specified effective
addressing mode. All update addressing modes may be used.

Example:
.RND B (R3)+N3;round value in B into B1, R3+N3[ R3
Before Execution After Execution
R3 | $0007 | R3 | $000B |
N3 | $0004 | N3 | $0004 |

Explanation of Example: Prior to execution, the 16-bit address register R3 contains the
value $0007, and the 16-bit address offset register N3 contains the value $0004. The
execution of the parallel move portion of the instruction, (R3)+N3, updates the R3
address register according to the specified effective addressing mode by adding the
value in the R3 register to the value in the N3 register and storing the 16-bit result back in
the R3 address register.

Condition Codes:

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
LF|**|T|**|Sl|SO|I1|IO **|L|E|U|N|Z|V|C
- MR »> - CCR —

The condition codes are not affected by this type of parallel move.
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U Address Register Update U
Instruction Format:
(..... ) ea
Opcode
23 16 15 8 7 0
0o 01 0 0 O O 0|0 1 o M M R R R INSTRUCTION OPCODE
Instruction Fields:
ea=5-bit Effective Address=MMRRR
Effective
Addressing Mode MMRRR
(Rn)-Nn OO0r rr
(Rn)+Nn O1lrrr
(Rn)- 10rrr
(Rn)+ 11rrr
where “rrr” refers to an address register RO-R7
Timing: mv oscillator clock cycles
Memory: mv program words
A-126 MOTOROLA
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X: X Memory Data Move X:
Operation: Assembler Syntax:

(..... ); X:ealOD (cvn.. ) X:ea,D

(..... ); X:aall D (onnn. ) X:aa,D

(cvnn. ); SO X:ea (evnn. ) S, X:ea

(..... ); SO X:aa (ovn.. ) S, X:aa

(..... ); #xxxxxx D (onnn. ) #HXXXXXX,D
where (..... ) refers to any arithmetic or logical instruction which allows parallel moves.

Description: Move the specified word operand from/to X memory. All memory address-
ing modes, including absolute addressing and 24-bit immediate data, may be used.
Absolute short addressing may also be used.

If the arithmetic or logical opcode-operand portion of the instruction specifies a given
destination accumulator, that same accumulator or portion of that accumulator may not
be specified as a destination D in the parallel data bus move operation. Thus, if the
opcode-operand portion of the instruction specifies the 56-bit A accumulator as its desti-
nation, the parallel data bus move portion of the instruction may not specify A0, Al, A2,
or A as its destination D. Similarly, if the opcode-operand portion of the instruction speci-
fies the 56-bit B accumulator as its destination, the parallel data bus move portion of the
instruction may not specify BO, B1, B2, or B as its destination D. That is, duplicate des-
tinations are NOT allowed within the same instruction.

If the opcode-operand portion of the instruction specifies a given source or destination
register, that same register or portion of that register may be used as a source S in the
parallel data bus move operation. This allows data to be moved in the same instruction in
which it is being used as a source operand by a data ALU operation. That is, duplicate
sources are allowed within the same instruction.

When a 24-bit source operand is moved into a 16-bit destination register, the 16 LS bits
of the 24-bit source operand are stored in the 16-bit destination register. When a 16-bit
source operand is moved into a 24-bit destination register, the 16 LS bits of the destina-
tion register are loaded with the contents of the 16-bit source operand, and the eight MS
bits of the 24-bit destination register are zeroed.

Note: This parallel data move is considered to be a move-type instruction. Due to pipe-
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X: X Memory Data Move X:

lining, if an address register (R or N) is changed using a move-type instruction, the new
contents of the destination address register will not be available for use during the follow-
ing instruction (i.e., there is a single instruction cycle pipeline delay).

Example: .
ASLA R2,X:—(R2) ALRO A, save updated R2 in X:(R2)
Before Execution After Execution
R2 | $1001 | R2 | $1000 |
X:$1000 | $000000 | X:$1000 | $001000 |

Explanation of Example: Prior to execution, the 16-bit R2 address register contains the
value $1001, and the 24-bit X memory location X:$1000 contains the value $000000.
The execution of the parallel move portion of the instruction, R2,X:—(R2), predecrements
the R2 address register and then uses the R2 address register to move the updated con-
tents of the R2 address register into the 24-bit X memory location X:$1000.

Condition Codes:

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
LF|**|T|**|81|SO|I1|IO **|L|E|U|N|Z|V|C
- MR > CCR —>

L — Set if data limiting has occurred during parallel move.

Note: The MOVE A,X:ea operation will result in a 24-bit positive or negative saturation
constant being stored in the specified 24-bit X memory location if the signed integer por-
tion of the A accumulator is in use.

Instruction Format:

(I ) X:ea,D
(conn. ) S, X:ea
(..... ) #HXXXXXX,D
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X: X Memory Data Move X:
Opcode:
23 16 15 8 7 0
0 1 d d 0 d d d W 1 M M M R R R INSTRUCTION OPCODE
OPTIONAL EFFECTIVE ADDRESS EXTENSION
Instruction Fields:
ea=6-bit Effective Address=MMMRRR
Effective
Register W Addressing Mode M M M R R R
ReadS O (Rn)-Nn O OO0 rrr
WriteD 1 (Rn)+Nn O 0O1rrr
(Rn)- O 1 0rrr
(Rn)+ O 1 1 rr r
(Rn) 1 00rrr
(Rn+Nn) 1 01 rrr
-(Rn) 1 1 1r r
Absoluteaddress 1 1 0 0 0 O
Immediate data 1 1 0100
S D D
S,D d d ddd S/L  Sign Ext Zero
X0 0 01 0O no no no
X1 0 01 0 1 no no no
YO 0 0110 no no no
Y1 0 0111 no no no
AO 01 00O no no no
BO 01 0 0 1 no no no
A2 01 010 no no no
B2 01 011 no no no
Al 01100 no no no
Bl 01 101 no no no
A 01110 yes A2 A0
B 01111 yes B2 BO
RO-R7 1 O r r r
NO-N7 1 1 n n n
where “rrr’=Rn number
where “nnn”=Nn number
Timing: mv oscillator clock cycles
Memory: mv program words
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X: X Memory Data Move X:

Instruction Format:

(..... ) X:aa,D
(I ) S, X:aa
Opcode
23 16_15 8 7 0
0 1 d d 0 d d d|WO0O a a a a a a INSTRUCTION OPCODE

Instruction Fields:
aa=6-bhit Absolute Short Address=aaaaaa

Register W Absolute Short Addressaaaaaa

ReadS O 000000

WriteD 1 .

111111
S D D

S,D d d ddd S/L  Sign Ext Zero
X0 0 01 0O no no no
X1 0 0101 no no no
YO 0 0110 no no no
Y1 0 0111 no no no
AO 01 00O no no no
BO 01 00 1 no no no
A2 01 010 no no no
B2 01011 no no no
Al 01100 no no no
B1 01101 no no no
A 01 110 yes A2 A0
B 01 111 yes B2 BO
RO-R7 1 O r r r
NO-N7 1 1 n n n

where “rrr’=Rn number
where “nnn”=Nn number

Timing: mv oscillator clock cycles

Memory: mv program words
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X: R X Memory and Register Data Move X: R
Operation: Assembler Syntax:
Class | Class |
(cvnn. ); X:eall D1; S2[1 D2 (evnn. ) X:ea,D1  S2,D2
(I ); S10 X:ea; S2[1D2 (evnn. ) S1,X:ea S2,D2
(..... ); #xxxxxx1 D1; S2[0D2 (ovnn. ) #xxxxxx,D1 S2,D2
Class Il Class Il
(..... ); Al X:ea; X0O A (onnn. ) A X:ea X0,A
(cvnn. ); Bl X:ea; X0 B (evnn ) B,X:ea X0,B
where (.. ... ) refers to any arithmetic or logical instruction which allows parallel moves.

Description: Class I: Move a one-word operand from/to X memory and move another
word operand from an accumulator (S2) to an input register (D2). All memory addressing
modes, including absolute addressing and 24-bit immediate data, may be used. The reg-
ister to register move (S2,D2) allows a data ALU accumulator to be moved to a data ALU
input register for use as a data ALU operand in the following instruction.

Class Il: Move one-word operand from a data ALU accumulator to X memory and one-
word operand from data ALU register X0 to a data ALU accumulator. One effective
address is specified. All memory addressing modes, excluding long absolute addressing
and long immediate data, may be used.

For both Class | and Class Il X:R parallel data moves, if the arithmetic or logical opcode-
operand portion of the instruction specifies a given destination accumulator, that same
accumulator or portion of that accumulator may not be specified as a destination D1 in
the parallel data bus move operation. Thus, if the opcode-operand portion of the instruc-
tion specifies the 56-bit A accumulator as its destination, the parallel data bus move por-
tion of the instruction may not specify A0, Al, A2, or A as its destination D1. Similarly, if
the opcode-operand portion of the instruction specifies the 56-bit B accumulator as its
destination, the parallel data bus move portion of the instruction may not specify BO, B1,
B2, or B as its destination D1. That is, duplicate destinations are NOT allowed within
the same instruction.
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If the opcode-operand portion of the instruction specifies a given source or destination
register, that same register or portion of that register may be used as a source S1 and/or
S2 in the parallel data bus move operation. This allows data to be moved in the same
instruction in which it is being used as a source operand by a data ALU operation. That
is, duplicate sources are allowed within the same instruction. Note that S1 and S2
may specify the same register.

Class | Example:

CMIZ;M Y0,A A X:$1234 A, YO ;compare A,Y0 mag., save A, update YO
Before Execution After Execution
A | $00:800000:000000 | A | $00:800000:000000 |
X:$1234 | $000000 | X:$1234 | $7FFFFF |
YO | $000000 | Y0| S7FFFFF |

Explanation of the Class | Example: Prior to execution, the 56-bit A accumulator con-
tains the value $00:800000:000000, the 24-bit X memory location X:$1234 contains the
value $000000, and the 24-bit YO register contains the value $000000. The execution of
the parallel move portion of the instruction, A,X:$1234 A,YO, moves the 24-bit limited
positive saturation constant $7FFFFF into both the X:$1234 memory location and the YO
register since the signed portion of the A accumulator was in use.

Class Il Example:

MAC X0,Y0,A B,X:(R1)+ X0,B ;multiply X0 and YO and accumulate in A
: :move B to X memory location pointed to
;by R1 and postincrement R1
;move X0 to B
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X: R X Memory and Register Data Move X: R
Before Execution After Execution
X0 | $400000 | X0 | $400000 |
Y0 | $600000 | YO | $600000 |
A | $00:000000:000000 | A | $00:300000:000000 |
B | $FF:7FFFFF:000000 | B | $00:400000:000000 |
X:$1234 | $000000 | X:$1234 | $800000 |
R1 | $1234 | R1 | $1235 |

Explanation of the Class Il Example: Prior to execution, the 24-bit registers X0 and YO
contain $400000 and $600000, respectively. The 56-bit accumulators A and B contain
the values $00:000000:000000 and $FF:7FFFFF:000000, respectively. The 24-bit X
memory location X:$1234 contains the value $000000, and the 16-bit R1 register con-
tains the value $1234. Execution of the parallel move portion of the instruction
(B,X:(R1)+X0,B) moves the 24-bit limited value of B ($800000) into the X:$1234 memory
location and the X0 register ($400000) into accumulator B1 ($400000), sign extends B1
into B2 ($00), and zero fills BO ($000000). It also increments R1 to $1235.

Condition Codes:

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
LF [ | T o [si]so| uf[w]|=] [ e]uln~Nn|[z]V]cC
- MR >« CCR —

L — Set if data limiting has occurred during parallel move

MOTOROLA a0 BB R e, A-133
Go to: www.freescale.com



Freescale Semiconductor, Inc.

X: R X Memory and Register Data Move X: R

Class | Instruction Format:

(.onn. ) X:ea,D1 S2,D2
(..... ) S1,X:ea S2,D2
(..... ) #XXXXXX, S2,D2
Opcode
23 16 15 8 7 0
0O o0 o0 1 f f d f wW 0OM M M R R R INSTRUCTION OPCODE

OPTIONAL EFFECTIVE ADDRESS EXTENSION

Instruction Fields:
ea=6-bit Effective Address=MMMRRR

Effective
Register W Addressing Mode M M M R R R
ReadS O (Rn)-Nn O 0OO0Trr-r
WriteD 1 (Rn)+Nn O Ol rrr
(Rn)- O 10 r r r
(Rn)+ O 1 1 rrr
(Rn) 1 00r rr
(Rn+Nn) 1 01 rrr
-(Rn) 1 1 1r
Absoluteaddress 1 1 0 0 0 O
Immediate data 1 10100
where “rrr” refers to an address register RO—R7
S1 D1 D1 S2 D2 D2
S1,D1 f f S/L Sign Ext Zero S2 d S/L D2 f Sign Ext Zero
X0 00 no no no A 0 yes YO O no no
X1 00 no no no B 1 yes Y1 1 no no
A 01 vyes A2 AO
B 01 yes B2 BO
Timing: mv oscillator clock cycles
Memory: mv program words
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X: R X Memory and Register Data Move X: R
Class Il Instruction Format:

(.onn. ) ALl X:ea XOOA

(..... ) B X:ea X0 B
Opcode

23 16 15 8 7 0
000 01 0 0 d|[00 M MMT R R R INSTRUCTION OPCODE
OPTIONAL EFFECTIVE ADDRESS EXTENSION
Instruction Fields:
ea=6-bit Effective Address=MMMRRR

Effective
Addressing Mode MMMRRR
(Rn)-Nn 00O0rrr
(Rn)+Nn 001lrrr
(Rn)- 010rrr
(Rn)+ O1l1lrrr
(Rn) 100rrr
(Rn+Nn) 101rrr
-(Rn) 112rrr
where “rrr” refers to an address register RO—R7

S D D
SD S/L Sign Ext Zero d MOVE Opcode
X0 no N/A N/A 0 Al X:ea XOOA
YO0 no N/A N/A 1 B X:ea X0OB
A yes A2 AO
B yes B2 BO
Timing: mv oscillator clock cycles
Memory: mv program words
A-135
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Y: Y Memory Data Move Y:
Operation: Assembler Syntax:

(..... ); Y:eaOD (cvn.. ) Y:ea,D

(..... ); Y:aallD (onnn. ) Y:aa,D

(cvnn. ); SO Y:ea (evvn ) S,Y:ea

(..... ); SO Y:aa (oon.. ) S,Y:aa

(..... ); #xxxxxx D (onnn. ) #HXXXXXX,D
where (..... ) refers to any arithmetic or logical instruction which allows parallel moves.

Description: Move the specified word operand from/to Y memory. All memory address-
ing modes, including absolute addressing and 24-bit immediate data, may be used.
Absolute short addressing may also be used.

If the arithmetic or logical opcode-operand portion of the instruction specifies a given
destination accumulator, that same accumulator or portion of that accumulator may not
be specified as a destination D in the parallel data bus move operation. Thus, if the
opcode-operand portion of the instruction specifies the 56-bit A accumulator as its desti-
nation, the parallel data bus move portion of the instruction may not specify A0, Al, A2,
or A as its destination D. Similarly, if the opcode-operand portion of the instruction speci-
fies the 56-bit B accumulator as its destination, the parallel data bus move portion of the
instruction may not specify BO, B1, B2, or B as its destination D. That is, duplicate des-
tinations are NOT allowed within the same instruction.

If the opcode-operand portion of the instruction specifies a given source or destination
register, that same register or portion of that register may be used as a source S in the
parallel data bus move operation. This allows data to be moved in the same instruction in
which it is being used as a source operand by a data ALU operation. That is, duplicate
sources are allowed within the same instruction.

When a 24-bit source operand is moved into a 16-bit destination register, the 16 LS bits
of the 12-bit source operand are stored in the 16-bit destination register. When a 16-bit
source operand is moved into a 24-bit destination register, the 16 LS bits of the destina-
tion register are loaded with the contents of the 16-bit source operand, and the eight MS
bits of the 24-bit destination register are zeroed.
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Y: Y Memory Data Move Y:

Note: This parallel data move is considered to be a move-type instruction. Due to pipe-
lining, if an address register (R or N) is changed using a move-type instruction, the new
contents of the destination address register will not be available for use during the follow-
ing instruction (i.e., there is a single instruction cycle pipeline delay).

Example:

EOR X0,B #$123456,A ;exclusive OR X0 and B, update A accumulator

Before Execution After Execution

A | $FF:FFFFFF:FFFFFF A $00:123456:000000

Explanation of Example: Prior to execution, the 56-bit A accumulator contains the
value $FF:FFFFFF:FFFFFF. The execution of the parallel move portion of the instruc-
tion, #$123456,A, moves the 24-bit immediate value $123456 into the 24-bit Al register,
then sign extends that value into the A2 portion of the accumulator, and zeros the lower
24-bit A0 portion of the accumulator.

Condition Codes:

5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
LF s | T |wx [stso[mmf|wo|=[L[E[Uu[N][Z]V]C
- MR > < CCR — »

L — Set if data limiting has occurred during parallel move

Note: The MOVE A,Y:ea operation will result in a 24-bit positive or negative saturation
constant being stored in the specified 24-bit Y memory location if the signed integer por-
tion of the A accumulator is in use.

Instruction Format:

(..... ) Y:ea,D
(I ) S,Y:ea
(..... ) #HXXXXXX,D
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Y: Y Memory Data Move Y:
Opcode:
23 16 15 8 7 0
0 1 d d 1 d d d w 1 M M M R R R INSTRUCTION OPCODE
OPTIONAL EFFECTIVE ADDRESS EXTENSION
Instruction Fields:
ea=6-bit Effective Address=MMMRRR
Effective
Register W Addressing Mode M M M R R R
ReadS 0 (Rn)-Nn O OO0 rrr
WriteD 1 (Rn)+Nn O 0O1rrr
(Rn)- O 1 0rrr
(Rn)+ O 1 1 rr r
(Rn) 1 00rrr
(Rn+Nn) 1 01 r rr
-(Rn) 1 1 1r r
Absoluteaddress 1 1 0 0 0 O
Immediate data 1 10100
where “rrr” refers to an address register RO—R7
S D D
S,D d d ddd S/L  Sign Ext Zero
X0 0 0100 no no no
X1 0O 010 1 no no no
YO 00110 no no no
Y1 0 0111 no no no
AO 01 00O no no no
BO 01 001 no no no
A2 01 010 no no no
B2 01 011 no no no
Al 01 100 no no no
Bl 01 10 1 no no no
A 01 110 yes A2 A0
B 01111 yes B2 BO
RO-R7 1 O r r r
NO-N7 1 1 n n n
where “rrr"=Rn number
where “nnn"=Nn number
Timing: mv oscillator clock cycles
Memory: mv program words
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Y: Y Memory Data Move Y:

Instruction Format:

(..... ) Y:aa,D
(I ) S,Y:aa
Opcode
23 16_15 8 7 0
0 1 d d 1 d d d|W 0 a a a a a a INSTRUCTION OPCODE

Instruction Fields:
aa=6-bit Absolute Short Address=aaaaaa

Register W  Absolute Short Address aaaaaa

ReadS O 000000
WriteD 1 .
111111
S D D
S,D d d ddd S/L  Sign Ext Zero
X0 0 01 0O no no no
X1 0 01 01 no no no
YO 0 0110 no no no
Y1 0 0111 no no no
AO 01 00O no no no
BO 01 00 1 no no no
A2 01 010 no no no
B2 01011 no no no
Al 01100 no no no
B1 01101 no no no
A 01110 yes A2 A0
B 01111 yes B2 BO
RO-R7 1 O r r r
NO-N7 1 1 n n n

where “rrr’=Rn number
where “nnn”=Nn number

Timing: mv oscillator clock cycles

Memory: mv program words
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R:Y Register and Y Memory Data Move R:Y
Operation: Assembler Syntax:
Class | Class |
(cvnn. ); S10D1; Y:eall D2 (evnn ) S1,D1 Y:ea,D2
(cvnn. ); S10D1; S2[0Y:ea (evnn ) S1,D1 S2,Y:ea
(cvnn ); S10 D1; #xxxxxx[] D2 (evnn ) S1,D1 #xxxxxx,D2
Class Il Class Il
(on... ); YOOA; AllY:ea (onnn. ) YO,A AY:ea
(on... ); YOO B; BO Y:ea (onnn. ) YO,B B,Y:ea
where (..... ) refers to any arithmetic or logical instruction which allows parallel moves.

Description: Class I: Move a one-word operand from an accumulator (S1) to an input
register (D1) and move another word operand from/to Y memory. All memory addressing
modes, including absolute addressing and 24-bit immediate data, may be used. The reg-
ister to register move (S1,D1) allows a data ALU accumulator to be moved to a data ALU
input register for use as a data ALU operand in the following instruction.

Class Il: Move one-word operand from a data ALU accumulator to Y memory and one-
word operand from data ALU register YO to a data ALU accumulator. One effective
address is specified. All memory addressing modes, excluding long absolute addressing
and long immediate data, may be used. Class Il move operations have been added to
the R:Y parallel move (and a similar feature has been added to the X:R parallel move) as
an added feature available in the first quarter of 1989.

For both Class | and Class Il R:Y parallel data moves, if the arithmetic or logical opcode-
operand portion of the instruction specifies a given destination accumulator, that same
accumulator or portion of that accumulator may not be specified as a destination D2 in
the parallel data bus move operation. Thus, if the opcode-operand portion of the instruc-
tion specifies the 56-bit A accumulator as its destination, the parallel data bus move por-
tion of the instruction may not specify A0, Al, A2, or A as its destination D2. Similarly, if
the opcode-operand portion of the instruction specifies the 56-bit B accumulator as its
destination, the parallel data bus move portion of the instruction may not specify BO, B1,
B2, or B as its destination D2. That is, duplicate destinations are NOT allowed within the
same instruction.

If the opcode-operand portion of the instruction specifies a given source or destination
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R:Y Register and Y Memory Data Move R:Y

register, that same register or portion of that register may be used as a source S1 and/or
S2 in the parallel data bus move operation. This allows data to be moved in the same
instruction in which it is being used as a source operand by a data ALU operation. That
is, duplicate sources are allowed within the same instruction. Note that S1 and S2
may specify the same register.

Class | Example:

ADD.L B,A B,X1 Y:(R6)-N6,B :2[A+B O A, update X1,B and R6
Before Execution After Execution
B | $60:123456:789ABC | B | $00:654321:000000 |
x| s000000 | Xt | $800000 |
RS | s2020 | R | $2000 |
o w] o
;52020 | sesaazl | ¥:52020 | sesaa21 |

Explanation of the Class | Example: Prior to execution, the 56-bit B accumulator con-
tains the value $80:123456:789ABC, the 24-bit X1 register contains the value $000000,
the 16-bit R6 address register contains the value $2020, the 16-bit N6 address offset
register contains the value $0020 and the 24-bit Y memory location Y:$2020 contains the
value $654321. The execution of the parallel move portion of the instruction, B,X1
Y:(R6)-N6,B, moves the 24-bit limited negative saturation constant $800000 into the X1
register since the signed integer portion of the B accumulator was in use, uses the value
in the 16-bit R6 address register to move the 24-bit value in the Y memory location
Y:$2020 into the 56-bit B accumulator with automatic sign extension of the upper portion
of the accumulator (B2) and automatic zeroing of the lower portion of the accumulator
(B0), and finally uses the contents of the 16-bit N6 address offset register to update the
value in the 16-bit R6 address register. The contents of the N6 address offset register
are not affected.

MOTOROLA a0 BB R e, A-11
Go to: www.freescale.com



Freescale Semiconductor, Inc.

R:Y Register and Y Memory Data Move R:Y

Class Il Example:

MAC X0,YO,A YO0,B  B,Y:(R1)+ ;multiply X0 and YO and accumulate in A
: ;move B to Y memory location pointed to

;by R1 and postincrement R1
;move YO to B

Before Execution After Execution
X0 | $400000 | X0 | $400000 |
Y0 | $600000 | YO | $600000 |
A | $00:000000:000000 | A | $00:300000:000000 |
B | $00:800000:000000 | B | $00:600000:000000 |
Y:$1234 | $000000 | Y:$1234 | $7TFFFFF |
R1 | $1234 | R1 | $1235 |

Explanation of the Class Il Example: Prior to execution, the 24-bit registers, X0 and
YO, contain $400000 and $600000, respectively. The 56-bit accumulators A and B con-
tain the values $00:000000:000000 and $00:800000:000000 (+1.0000), respectively.
The 24-bit Y memory location Y:$1234 contains the value $000000, and the 16-bit R1
register contains the value $1234. Execution of the parallel move portion of the instruc-
tion (YO,B B,Y:(R1)+) moves the YO register ($600000) into accumulator B1 ($600000),
sign extends B1 into B2 ($00), and zero fills BO ($000000). It also moves the 24-bit lim-
ited value of B ($7FFFFF) into the Y:$1234 memory location and increments R1 to
$1235.

Condition Codes:

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
LF [ s [ T o [sa|so]mm]wo]=] L ]e]ul|Nn]z]Vv]c
< MR > < CCR —

L — Set if data limiting has occurred during parallel move
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R:Y Register and Y Memory Data Move R:Y

Class | Instruction Format:

(..... ) S1,D1 Y:ea,D2

(..... ) S1,D1 S2,Y:ea

(..... ) S1,D1 #xxxxxx,D2

Opcode:
23 16 15 8 7 0
000 1 de f f|W1M MMTR RRR INSTRUCTION OPCODE

OPTIONAL EFFECTIVE ADDRESS EXTENSION

Instruction Fields:
ea=6-hit Effective Address=MMMRRR

Effective
Register W AddressingMode M M M R R R
Read S2 0 (Rn)-Nn O OO0 rrr
Write D2 1 (Rn)+Nn O Ol rrr
(Rn)- O 1 0r r r
(Rn)+ O 1 1rrr
(Rn) 1 00r rr
(Rn+Nn) 1 01 r rr
-(Rn) 1 1 1rrr
Absoluteaddress 1 1 0 0 0 O
Immediate data 1 10100
where “rrr” refers to an address register RO—R7
S1 D1 D1 S2 D2 D2
S1d S/L D1 e Sign Ext Zero S2,D2 f f S/L Sign Ext Zero
A 0 vyes X0 O no no YO 00 no no no
B 0 yes X1l 1 no no Y1l 01 no no no
A 10 yes A2 A0
B 11 yes B2 BO
Timing: mv oscillator clock cycles
Memory: mv program words
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R:Y Register and Y Memory Data Move R:Y

Class Il Instruction Format:

(onnn. )YOO A A Y:ea

(evnn. )YOO B BO Y:ea

Opcode:
23 16 15 8 7 0
0O 0o o 01 0 0 d 1 OoM M MR R R INSTRUCTION OPCODE

OPTIONAL EFFECTIVE ADDRESS EXTENSION

Instruction Fields:
ea=6-bit Effective Address=MMMRRR

Effective
Addressing Mode MMMRRR
(Rn)-Nn 00O0rrr
(Rn)+Nn 001rrr
(Rn)- 010rrrr
(Rn)+ O1llrrr
(Rn) 100rrr
(Rn+Nn) 101rrr
-(Rn) 111rrr

where “rrr” refers to an address register RO—R7

SRC DEST DEST

S,D S/L Sign Ext Zero d MOVE Opcode

X0 no N/A N/A 0 YOOA A Yea
YO no N/A N/A 1 YOoOB BO Yea
A yes A2 A0

B yes B2 BO

Timing: mv oscillator clock cycles

Memory: mv program words

A- 144 For Mo ORRRERO0B YRR BMANYAL MOTOROLA
Go to: www.freescale.com



Freescale Semiconductor, Inc.

L: Long Memory Data Move L:
Operation: Assembler Syntax:
(..... ); X:ea D1; Y:eaJ D2 (ovn.. ) L:ea,D
(..... ); X:aa U D1; Y:aa [J D2 (ovn.. ) L:aa,D
(..... ); S10 Xea; S20 Y:ea (ovn.. ) S,Lea
(..... ); S10 X:aa; S2 0 Y:aa (ovn.. ) S,L:aa
where (.. ... ) refers to any arithmetic or logical instruction which allows parallel moves.

Description: Move one 48-bit long-word operand from/to X and Y memory. Two data
ALU registers are concatenated to form the 48-bit long-word operand. This allows effi-
cient moving of both double-precision (high:low) and complex (real:imaginary) data from/
to one effective address in L (X:Y) memory. The same effective address is used for both
the X and Y memory spaces; thus, only one effective address is required. Note that the
A, B, A10, and B10 operands reference a single 48-bit signed (double-precision) quantity
while the X, Y, AB, and BA operands reference two separate (i.e., real and imaginary)
24-bit signed quantities. All memory alterable addressing modes may be used. Absolute
short addressing may also be used.

If the arithmetic or logical opcode-operand portion of the instruction specifies a given
destination accumulator, that same accumulator or portion of that accumulator may not
be specified as a destination D in the parallel data bus move operation. Thus, if the
opcode-operand portion of the instruction specifies the 56-bit A accumulator as its desti-
nation, the parallel data bus move portion of the instruction may not specify A, A10, AB,
or BA as destination D. Similarly, if the opcode-operand portion of the instruction speci-
fies the 56-bit B accumulator as its destination, the parallel data bus move portion of the
instruction may not specify B, B10, AB, or BA as its destination D. That is, duplicate des-
tinations are NOT allowed within the same instruction.

If the opcode-operand portion of the instruction specifies a given source or destination
register, that same register or portion of that register may be used as a source S in the
parallel data bus move operation. This allows data to be moved in the same instruction in
which it is being used as a source operand by a data ALU operation. That is, duplicate
sources are allowed within the same instruction.

Note: The operands A10, B10, X, Y, AB, and BA may be used only for a 48-bit long
memory move as previously described. These operands may not be used in any other
type of instruction or parallel move.
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L: Long Memory Data Move L:
Example:
CMP YO0,B A, L:$1234 ;compare YO and B, save 48-bit A1:A0 value
Before Execution After Execution
A | $01:234567:89ABCD | A | $01:234567:89ABCD |
X:$1234 | $000000 | X:$1234 | $7FFFFF |
Y:$1234 | $:000000 | Y:$1234 | $FFFFFF |

Explanation of Example: Prior to execution, the 56-bit A accumulator contains the
value $01:234567:89ABCD, the 24-bit X memory location X:$1234 contains the value
$000000, and the 24-bit Y memory location Y:$1234 contains the value $000000. The
execution of the parallel move portion of the instruction, A,L:$1234, moves the 48-bit lim-
ited positive saturation constant $7FFFFF:FFFFFF into the specified long memory loca-
tion by moving the MS 24 bits of the 48-bit limited positive saturation constant ($7FFFFF)
into the 24-bit X memory location X:$1234 and by moving the LS 24 bits of the 48-bit lim-
ited positive saturation constant ($FFFFFF) into the 24-bit Y memory location Y:$1234
since the signed integer portion of the A accumulator was in use.

Condition Codes:

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
LF [ o | T [si]so| nuf[w]|w] o |[e]ulnN|[z]Vv]cC
< MR > CCR —

L — Set if data limiting has occurred during parallel move

Note: The MOVE A,L:ea operation will result in a 48-bit positive or negative saturation
constant being stored in the specified 24-bit X and Y memory locations if the signed inte-
ger portion of the A accumulator is in use. The MOVE AB,L:ea operation will result in
either one or two 24-bit positive and/or negative saturation constant(s) being stored in the
specified 24-bit X and/or Y memory location(s) if the signed integer portion of the A and/
or B accumulator(s) is in use.
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L: Long Memory Data Move L:

Instruction Format:

(I ) L:ea,D
(..... ) S,L:ea
Opcode
23 16 15 8 7 0
01 0 0 L O L L|w 1 M M MR R R INSTRUCTION OPCODE

OPTIONAL EFFECTIVE ADDRESS EXTENSION

Instruction Fields:
ea=6-bit Effective Address=MMMRRR

Effective
Register W Addressing Mode M M M R R R
ReadS O (Rn)-Nn O OO0 rrr
WriteD 1 (Rn)+Nn O 0O1rrr
(Rn)- O 1 0r rr
(Rn)+ O 1 1 rr r
(Rn) 1 00r rr
(Rn+Nn) 1 01 r rr
-(Rn) 1 1 0r r
Absoluteaddress 1 1 0 0 0 O
where “rrr” refers to an address register RO—R7
S D D
S S1 S2 SiL D D1 D2 SignExt Zero LLL
Al10 A1 A0 no Al10 A1 A0 no no 00O
B10 Bl BO no B10 B1 BO no no 001
X X1 X0 no X X1 XO no no 010
Y Yl YO no Y Y1 YO no no 011
A Al A0 yes A Al A0 A2 no 100
B BL BO yes B Bl BO B2 no 101
AB A B yes AB A B A2,B2 A0,BO 110
BA B A yes BA B A B2,A2 BO,A0 111
Timing: mv oscillator clock cycles
Memory: mv program words
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L: Long Memory Data Move L:
Instruction Format:
(I ) L:aa,D
(..... ) S,L:aa
Opcode
23 16 15 8 7 0
01 0 0 L O L L W 0 a a a a a a INSTRUCTION OPCODE
Instruction Fields:
aa=6-bit Absolute Short Address=aaaaaa
Register W  Absolute Short Address aaaaaa
ReadS O 000000
WriteD 1 .
111111
S D D
S S1 S2 S/L D D1 D2 SignExt Zero LLL
Al10 Al A0 no Al10 A1 A0 no no 00O
B10 B1 BO no B10 B1 BO no no 001
X X1 X0 no X X1 XO no no 010
Y Y1 YO no Y Y1 YO no no 011
A Al A0 yes A Al A0 A2 no 100
B Bl BO yes B Bl BO B2 no 101
AB A B yes AB A B A2,B2 A0,BO 110
BA B A yes BA B A B2,A2 BO,A0 111
Timing: mv oscillator clock cycles
Memory: mv program words
MOTOROLA
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X Y: XY Memory Data Move X Y:
Operation: Assembler Syntax:
(..... ); X:<eax> U D1, Y:<eay> [J D2 (..... ) X:<eax>,D1 Y:<eay>D2
(..... ); X:<eax> U D1; S2 0 Y:<eay> (..... ) X:<eax>,D1 S2,Y:<eay>
(..... ); S1 0 X:<eax>; Y:<eay> [ D2 (..... ) S1,X:<eax> Y:<eay>D2
(..... ); S1 0 X:<eax>; S2 U Y:<eay> (..... ) S1,X:<eax> S2,Y:<eay>
where (.. ... ) refers to any arithmetic or logical instruction which allows parallel moves.

Description: Move a one-word operand from/to X memory and move another word
operand from/to Y memory. Note that two independent effective addresses are specified
(<eax> and <eay>) where one of the effective addresses uses the lower bank of address
registers (RO—R3) while the other effective address uses the upper bank of address reg-
isters (R4—R7). All parallel addressing modes may be used.

If the arithmetic or logical opcode-operand portion of the instruction specifies a given
destination accumulator, that same accumulator or portion of that accumulator may not
be specified as a destination D1 or D2 in the parallel data bus move operation. Thus, if
the opcode-operand portion of the instruction specifies the 56-bit A accumulator as its
destination, the parallel data bus move portion of the instruction may not specify A as its
destination D1 or D2. Similarly, if the opcode-operand portion of the instruction specifies
the 56-bit B accumulator as its destination, the parallel data bus move portion of the
instruction may not specify B as its destination D1 or D2. That is, duplicate destina-
tions are NOT allowed within the same instruction. D1 and D2 may not specify the
same register.

If the opcode-operand portion of the instruction specifies a given source or destination
register, that same register or portion of that register may be used as a source S1 and/or
S2 in the parallel data bus move operation. This allows data to be moved in the same
instruction in which it is being used as a source operand by a data ALU operation. That
is, duplicate sources are allowed within the same instruction. Note that S1 and S2
may specify the same register.
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X Y: XY Memory Data Move X Y:

Example:

MPYR X1,YO,A X1,X:(RO)+  YO,Y:(R4)+N4 ;X10v0 O A,save X1 and YO

Before Execution After Execution
X1 | $123123 | X1 | $123123 |
YO | $456456 | Y0 | $456456 |
RO | $1000 | RO | $1001 |
R4 | $0100 | R4 | $0123 |
N4 | $0023 | N4 | $0023 |
X:$1000 | $000000 | X:$1000 | $123123 |
Y:$0100 | $000000 | Y:$0100 | $456456 |

Explanation of Example: Prior to execution, the 24-bit X1 register contains the value
$123123, the 24-bit YO register contains the value $456456, the 16-bit RO address regis-
ter contains the value $1000, the 16-bit R4 address register contains the value $0100,
the 16-bit N4 address offset register contains the value $0023, the 24-bit X memory loca-
tion X:$1000 contains the value $000000, and the 24-bit Y memory location Y:$0100
contains the value $000000. The execution of the parallel move portion of the instruction,
X1,X:(R0O)+ YO0,Y:(R4)+N4, moves the 24-bit value in the X1 register into the 24-bit X
memory location X:$1000 using the 16-bit RO address register, moves the 24-bit value in
the YO register into the 24-bit Y memory location Y:$0100 using the 16-bit R4 address
register, updates the 16-bit value in the RO address register, and updates the 16-bit R4
address register using the 16-bit N4 address offset register. The contents of the N4
address offset register are not affected.

Condition Codes:

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
LF [ s [ T o [sa|so]m]wo]=] L ]e]ul|N]z]V]cC
< MR > < CCR —

L — Set if data limiting has occurred during parallel move

Note: The MOVE A, X:<eax> B,Y:<eay> operation will result in one or two 24-bit positive
and/or negative saturation constant(s) being stored in the specified 24-bit X and/or Y
memory location(s) if the signed integer portion of the A and/or B accumulator(s) is in use.

A- 150 For R ISRPRERSICO T TRR BALMAL MOTOROLA
Go to: www.freescale.com



Freescale Semiconductor, Inc.

X Y: XY Memory Data Move X Y:
Instruction Format:
(..... ) X:<eax>,D1 Y:<eay>,D2
(cvnn. ) X:<eax>,D1 S2,Y:<eay>
(..... ) S1,X:<eax> Y:<eay>D2
(..... ) S1,X:<eax> S2,Y:<eay>
Opcode
23 16 15 8 7 0
1 W m me e e f fIW  r r M M R R R INSTRUCTION OPCODE

Instruction Fields:
X:<eax>=6-bit X Effective Address=WMMRRR (R0-R3 or R4-R7)

X:<eay>=5-bit Y Effective Address=wmmrr (R4—-R7 or RO-R3)

X Effective

Addressing Mode MMRRR

(Rn)+Nn 01 sss

(Rn)- 10 s ss

(Rn)+ 11sss

(Rn) 00 s s s

where “sss” refers to an address register RO-R7

S1 D1 D1 Y Effective

Register W S1,D1 e e S/L Sign Ext Zero Addressing Mode mmr r

Read S1 0 X0 00 no no no (Rn) +Nn 01ttt

Write D1 1 X1 01 no no no (Rn) - 10ttt
A 10 vyes A2 AO (Rn) + 11¢tt
B 11 vyes B2 BO (Rn) OO0t t

where “tt” refers to an address register R4 - R7 or RO - R3 which is in the opposite
address register bank from the one used in the X effective address, previously described

S2 D2 D2
Register W S2,D2 f f S/L Sign Ext Zero

Read S2 0 YO 00 no no no
Write D2 1 Y1 01 no no no
A 10 yes A2 AO
B 11 vyes B2 BO

Timing: mv oscillator clock cycles

Memory: mv program words
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MOVEC Move Control Register MOVEC
Operation: Assembler Syntax:

X:eall D1 MOVE(C) X:ea,D1
X:aall D1 MOVE(C) X:aa,D1
S1l] X:ea MOVE(C) S1,Xea
S1l] X:aa MOVE(C) S1,X:aa
Y:eall D1 MOVE(C) Y:ea,D1
Y:aall D1 MOVE(C) Y:aa,D1
Si1llY:ea MOVE(C) S1,Y:ea
Sill Y:aa MOVE(C) S1,Y:aa
S10D2 MOVE(C) S1,D2
S2(1D1 MOVE(C) S2,D1
#xxxx[] D1 MOVE(C)  #xxxx,D1
#xx[] D1 MOVE(C)  #xx,D1

Description: Move the contents of the specified source control register S1 or S2 to the
specified destination ormove the specified source to the specified destination control
register D1 or D2. The control registers S1 and D1 are a subset of the S2 and D2 regis-
ter set and consist of the address ALU modifier registers and theprogram controller reg-
istes. These registers may be moved to or from any other register or memory space. Al
memory addressing modes, as well as an immediate short addressing mode, may be
usedl!

If the system stack register SSH is specified as a source operand, the system stack
pointer (SP) is postdecremented by 1 after SSH has been read. If the system stack reg-
ister SSH is specified as a destination operand, the system stack pointer (SP) is prein-
cremented by 1 before SSH is written . This allows the system stack to be efficiently
extended using software stack pointer operations.

When a 56-bit accumulator (A or B) is specified as a source operand, the accumulator
value is optionally shifted according to the scaling mode bits SO and S1 int he system
status register (SR). If the data our of the shifter indicates that the accumulator extension
register is in use and the data is to be moved into a 24-bit destination, the value stored in
the destination is limited to a maximum positive or negative saturation constand to mini-

A-152 For Mbre Infermanon On This Braduct. - MOTOROLA
Go to: www.freescale.com



Freescale Semiconductor, Inc.

MOVEC Move Control Register MOVEC

mize truncation error. If the data is to be moved into a 16-bit destination and the accumu-
lator extension register is in use, the value is limited to a maximum positive or negative
saturation constand whose LS 16 bits are then stored in the 16-bit destination register.
Limiting does not occur if an individual 24-bit accumulator register (A1, A0, B1, or BO) is
specified as a source operand instead of the full 56-bit accumulator (A or B). This limiting
feature allows block floating-point operations to be performed with error detection since
the L bit in the condition code register is latched.

When a 56-bit accumulator (A or B) is specified as a destination operand, any 24-bit
source data to be moved into that accumulator is automatically extended to 56 bits by
sign extending the MS bit of the source operand (bit 23) and appending the source oper-
and with 24 LS zeros. Whenever a 16-bit source operand is to be moved into a 24-bit
destination, the 16-bit value is stored in the LS 16 bits of the 24-bit destination, and the
MS 8 bits of that destination are zeroed. Similarly, whenever a 16-bit source operand is
to be moved into a 56-bit accumulator, the 16-bit value is moved into the LS 16 bits of the
MSP portion of the accumulator (Al or B1), the MS 8 bits of the MSP portion of that
accumulator are zeroed, and the resulting 24-bit value is extended to 56 bits by sign
extending the MS bit and appending the result with 24 LS zeros. Note that for 24-bit
source operands both the automatic sign-extension and zeroing features may be dis-
abled by specifying the destination register to be one of the individual 24-bit accumulator
registers (Al or B1).

Note: Due to pipelining, if an address register (R, N, or M) is changed using a move-type
instruction, the new contents of the destination address register will not be available for
use during the following instruction (i.e., there is a single instruction cycle pipeline delay).

Restrictions: The following restrictions represent very unusual operations which proba-
bly would never be used but are listed only for completeness.

A MOVEC instruction used within a DO loop which specifies SSH as the source oper-
and or LA, LC, SR, SP, SSH, or SSL as the destination operand cannot begin at the
address LA — 2, LA — 1, or LA within that DO loop.

A MOVEC instruction which specifies SSH as the source operand or LA, LC, SSH, SSL,
or SP as the destination operand cannot be used immediately before a DO instruc-
tion.

A MOVEC instruction which specifies SSH as the source operand or LA, LC, SR, SSH,
SSL, or SP as the destination operand cannot be used immediately before an
ENDDO instruction.
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MOVEC Move Control Register MOVEC

A MOVEC instruction which specifies SSH as the source operand or SR, SSH, SSL, or
SP as the destination operand cannot be used immediately before an RTI instruction.

A MOVEC instruction which specifies SSH as the source operand or SSH, SSL, or SP
as the destination operand cannot be used immediately before an RTS instruction.

A MOVEC instruction which specified SP as the destination operand cannot be used
immediately before a MOVEC, MOVEM, or MOVEP instruction which specifies SSH or
SSL as the source operand.

A MOVEC SSH, SSH instruction is illegal and cannot be used.

Example:
MOVEC LC,X0 ;move LC into X0
Before Execution After Execution
LC | $0100 | LC | $0100 |
X0 | $123456 | X0 | $000100 |

Explanation of Example: Prior to execution, the 16-bit loop counter (LC) register con-
tains the value $0100, and the 24-bit X0 register contains the value $123456. The execu-
tion of the MOVEC LC,XO0 instruction moves the contents of the 16-bit LC register into
the 16 LS bits of the 24-bit X0 regiser and zeros the 8 MS bits of the X0 register.

Condition Codes:

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
LF [ww | T o |si]sof n] o] ] eluln]z]Vv]c
B S MR oo | CCR —

For D1 or D2=SR operand:

L — Set according to bit 6 of the source operand
E — Set according to bit 5 of the source operand
U — Set according to bit 4 of the source operand
N — Set according to bit 3 of the source operand
Z — Set according to bit 2 of the source operand
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MOVEC Move Control Register MOVEC

V — Set according to bit 1 of the source operand
C — Set according to bit 0 of the source operand

For D1 and D2#SR operand:
L — Set if data limiting has occurred during the move
Instruction Format:

MOVE(C) X:ea,D1

MOVE(C) S1,Xea

MOVE(C) Y:ea,D1

MOVE(C) S1,Y:ea

MOVE(C) #xxxx,D1

Opcode:
23 16 15 8 7 0
o o0 0 001 0 2(W1MMMRWRIR|O s 1 d d d dd

OPTIONAL EFFECTIVE ADDRESS EXTENSION

Instruction Fields:
ea=6-bit Effective Address=MMMRRR

Effective
Register W Addressing Mode M M M R R R
ReadS O (Rn)-Nn O OO0 rrr
WriteD 1 (Rn)+Nn O 01 rrr
(Rn)- O 1 0rrr
(Rn)+ O 1 1 rrr
(Rn) 1 00r rr
(Rn+Nn) 1 01 r
-(Rn) 1 1 1rr
Absoluteaddress 1 1 0 0 0 O
Immediate Data 1 10100
where “rrr” refers to an address register RO—R7
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MOVEC Move Control Register MOVEC
Memory Space s S1,D1 ddddd
X Memory 0 MO-M7 O0Onnn
Y Memory 1 SR 11001
OMR 11010
SP 11011
SSH 11100
SSL 11101
LA 11110
LC 11111
where “nnn” = Mn number (MO-M7)
Timing: 2+mvc oscillator clock cycles
Memory: 1+ea program words
Instruction Format:
MOVE(C) X:aa,D1
MOVE(C) S1,X:aa
MOVE(C) Y:aa,D1
MOVE(C) S1,Y:aa
Opcode:
23 16 15 0
0 0 0O 0OO2 0O 121|WO0O a a a a d d d
Instruction Fields:
aa=6-bit Absolute Short Address=aaaaaa
Register W Absolute Short Address aaaaaa
ReadS O 000000
WriteD 1 .
111111
Memory Space s S1,D1 ddddd
X Memory 0 MO-M7 OO0Onnn
Y Memory 1 SR 11001
OMR 11010
SP 11011
SSH 11100
SSL 11101
LA 11110
LC 11111
where “nnn” = Mn number (MO-M7)
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MOVEC Move Control Register MOVEC

Timing: 2+mvc oscillator clock cycles
Memory: 1+ea program words

Instruction Format:
MOVE(C) S1,D2
MOVE(C) S2,D1

Opcode:

23 16 15 8 7 0

0 0 0O 0OO12 0O Of|W1l e e e e e e|1 0 1 d d d d d

Instruction Fields:

Register wW S1,D1 ddddd
Read S1 0 MO-M7 00Onnn
Write D1 1 SR 11001
OMR 11010
SP 11011
Memory Space s SSH 11100
X Memory 0 SSL 11101
Y Memory 1 LA 11110
LC 11111
where “nnn” = Mn number (M0-M7)
S2 D2 D2
S2,D2 eeeeee S/L Sign Ext Zero S2,D2 eeeeee
X0 000100 no no no RO-R7 010nnn
X1 000101 no no no NO-N7 Ol1l1lnnn
YO 000110 no no no MO-M7 100nnn
Y1l 000111 no no no SR 111001
AO 001000 no no no OMR 111010
BO 001001 no no no SP 111011
A2 001010 no no no SSH 111100
B2 001011 no no no SSL 111101
Al 001100 no no no LA 111110
Bl 001101 no no no LC 111111
A 001110 vyes A2 A0
B 001111 vyes B2 BO

where “nnn” = Rn number (RO - R7)
Nn number (NO - N7)
Mn number (MO - M7)
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MOVEC Move Control Register MOVEC

Timing: 2+mvc oscillator clock cycles
Memory: 1+ea program words

Instruction Format:
MOVE(C) #xx,D1

Opcode:

23 16 15 8 7 0

oo o oo 11o0 24¢i % i W W& i i if1 0 1 d d d d d

Instruction Fields:

D1 ddddd
MO-M7 0O0Onnn
SR 11001
OMR 11010
SP 11011
SSH 11100
SSL 11101
LA 11110
LC 11111

where “nnn” = Mn number (MO-M7)
Timing: 2+mvc oscillator clock cycles

Memory: 1+ea program words
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MOVEM Move Program Memory MOVEM
Operation: Assembler Syntax:
Sl P:ea MOVE(M) S,P:ea
Sl P:aa MOVE(M) S,P:aa
P:eallD MOVE(M) P:ea,D
P:aallD MOVE(M) P:aa,D

Description: Move the specified operand from/to the specified program (P) memory
location. This is a powerful move instruction in that the source and destination registers
S and D may be any register. All memory alterable addressing modes may be used as
well as the absolute short addressing mode.

If the system stack register SSH is specified as a source operand, the system stadk
pointer (SP) is postdecremented by 1 after SSH has been read. If the system stack reg-
ister SSH is specified as a destination operand, the system stack pointer (SP) is prein-
cremented by 1 before SSH is written. This allows the system stack to be efficiently
extended using software stack pointer operations.

When a 56-bit accumulator (A or B) is specified as a source operand S, the accumulator
value is optionally shifted according to the scaling mode bits SO and S1 in the system
status register (SR). If the data out of the shifter indicates that the accumulator extension
register is in use and the data is to be moved into a 24-bit destination, the value stored in
the destination is limited to a maximum positive or negative saturation constant to mini-
mize truncation error. If a 24-bit source operand is to be moved into a 16-bit destination
register D, the 8 MS bits of the 24-bit source operand are discarded, and the 16 LS bits
are stored in the 16-bit destination register. Limiting does not occur if an individual 24-bit
accumulator register (A1, A0, B1, or BO) is specified as a source operand instead of the
full 56-bit accumulator (A or B). This limiting feature allows block floating-point opera-
tions to be performed with error detection since the L bit in the condition code register is
latched.

When a 56-bit accumulator (A) is specified as a destination operand D, any 24-bit
source data to be moved into that accumulator is automatically extended to 56 bits by
sign extending the MS bit of the source operand (bit 24) and appending the source oper-
and with 24 LS zeros. Whenever a 16-bit source operand S is to be moved into a 24-bit
destination, the 16-bit source is loaded into the LS 16 bits of the destination operand,
and the remaining 8 MS bits of the destination are zeroed. Note that for 24-bit source
operands, both the automatic sign-extension and zeroing features may be disabled by
specifying the destination register to be one of the individual 24-bit accumulator registers
(Al or B1).
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MOVEM Move Program Memory MOVEM

Note: Due to pipelining, if an adderss register (R, N, or M) is changed using a move-type
instruction, the new contents of the destination address register will not be avaiolable for
use during the following instruction (i.e., there is a single instruction cycle pipeline delay).

Restrictions: The following restrictions represent very unusual operations, which proba-
bly would never be used but are listed only for completeness.

A MOVEM instruction used within a DO loop which specifies SSH as the source oper-
and or LA, LC, SR, SP, SSH, or SSL as the destination operand cannot begin at the
address LA-2, LA-1, or LA within that DO loop.

A MOVEM instruction which specifies SSH as the source operand or LA, LC, SSH,
SSL, or SP as the destination operand cannot be used immediately before a DO
instruction.

A MOVEM instruction which specifies SSH as the source operand or LA, LC, SR, SSH,
SL, or SP as the destination operand cannot be used immediately before an ENDDO
instruction.

A MOVEM instruction which specifies SSH as the source operand or SR, SSH, SSL, or
SP as the destination operand cannot be used immediately before an RTI instruction.

A MOVEM instruction which specifies SSH as the source operand or SSH, SSL, or SP
as the destination operand cannot be used immediately before an RTS instruction.

A MOVEM instruction which specifies SP as the destination operand cannot be used
immediately before a MOVEC, MOVEM, or MOVEP instruction which specifies SSH or
SSL as the source operand.

Example:
MOVE.M P:(R5+N5), LC :move P:(R5+N5) into the loop counter (LC)
Before Execution After Execution
P:(R5 + N5) | $000116 | P:(R5 + N5) | $000116 |
LC | $0000 | LC | $0116 |

Explanation of Example: Prior to execution, the 16-bit loop counter (LC) register con-
tains the value $0000, and the 24-bit program (P) memory location P:(R5+N5) contains
the value $000116. The execution of the MOVEM P:(R5+N5), LC instruction moves the
16 LS bits of the 24-bit program (P) memory location P:(R5+N5) into the 16-bit LC regis-
ter.
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MOVEM Move Program Memory MOVEM

Condition Codes:

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
LF [w | T o |si]sof n] o] ] eluln]z]Vv]c
- MR >« CCR —

For D=SR operand:

L — Set according to bit 6 of the source operand
E — Set according to bit 5 of the source operand
U — Set according to bit 4 of the source operand
N — Set according to bit 3 of the source operand
Z — Set according to bit 2 of the source operand
V — Set according to bit 1 of the source operand
C — Set according to bit 0 of the source operand

For D#SR operand:
L — Set if data limiting has occurred during the move

Instruction Format:
MOVE(M) S,P:ea
MOVE(M) P:ea,D

Opcode:
23 16 15 8 7
0O 0 0 0 0O 1 1 1f{w1lM™M M MRIRIR|1T 0 dd d d dd

OPTIONAL EFFECTIVE ADDRESS EXTENSION

Instruction Fields:
ea=6-bit Effective Address=MMMRRR

Effective
Register W Addressing Mode M M M R R R
ReadS O (Rn)-Nn O OO0 rrr
WriteD 1 (Rn)+Nn O 01 rrr
(Rn)- O 10r rr
(Rn)+ O 1 1 rrr
(Rn) 1 00r rr
(Rn+Nn) 1 01 rrr
-(Rn) 1 1 1rr
Absoluteaddress 1 1 0 0 0 O

where “rrr” refers to an address register RO—R7
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MOVEM

MOVEM Move Program Memory
S D D
S,D dddddd S/L Sign Ext  Zero S,D dddddd
X0 000100 no no no RO-R7 010nnn
X1 000101 no no no NO-N7 Ollnnn
YO 000110 no no no MO-M7 100nnn
Y1l 000111 no no no SR 111001
AO 001000 no no no OMR 111010
BO 001001 no no no SP 111011
A2 001010 no no no SSH 111100
B2 001011 no no no SSL 111101
Al 001100 no no no LA 111110
Bl 001101 no no no LC 111111
A 001110 vyes A2 A0
B 001111 vyes B2 BO
where “nnn” = Rn number (RO - R7)
Nn number (NO - N7)
Mn number (MO - M7)
Timing: 2+mvm oscillator clock cycles
Memory: 1+ea program words
Instruction Format:
MOVE(M) S,P:aa
MOVE(M) P:aa,D
Opcode:
23 16 15 7
0O 0 0 0 0 1 1 1{wWO0 a a 0 0 d d d d
Instruction Fields:
aa=6-bit Absolute Short Address=aaaaa
Register W Absolute Short Address aaaaaa
ReadS O 000000
WriteD 1 .
111111
A-162

For More taformation On This Broduct, -

Go to: www.freescale.com

MOTOROLA




Freescale Semiconductor, Inc.

MOVEM Move Program Memory MOVEM
S D D
S,D dddddd S/L Sign Ext  Zero S,D dddddd
X0 000100 no no no RO-R7 010nnn
X1 000101 no no no NO-N7 Ol1lnnn
YO 000110 no no no MO-M7 100nnn
Y1 000111 no no no SR 111001
AO 001000 no no no OMR 111010
BO 001001 no no no SP 111011
A2 001010 no no no SSH 111100
B2 001011 no no no SSL 111101
Al 001100 no no no LA 111110
Bl 001101 no no no LC 111111
A 001110 yes A2 A0
B 001111 vyes B2 BO

where “nnn” = Rn number (RO - R7)
Nn number (NO - N7)
Mn number (MO - M7)

Timing: 2+mvm oscillator clock cycles

Memory: 1+ea program words
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MOVEP Move Peripheral Data MOVEP
Operation: Assembler Syntax:

X:pp U D MOVEP X:pp,D

X:pp O X:ea MOVEP X:pp,X:ea
X:pp O Y:ea MOVEP X:pp,Y:ea
X:pp U P:ea MOVEP X:pp,P:ea
SO Xipp MOVEP S, X:pp
#HXxXxxxx [ X:pp MOVEP HXXXXXX, X:pp
X:ea [ X:pp MOVEP X:ea, X:pp
Y:ea [l X:pp MOVEP Y:ea,X:pp
P:ea 0 X:pp MOVEP P:.ea,X:pp
Y:ppU D MOVEP Y:pp,D

Y:pp O X:ea MOVEP Y:pp,X:ea
Y:pp U Y:ea MOVEP Y:pp,Y:ea
Y:pp U P:ea MOVEP Y:pp,P:ea
SO Y:pp MOVEP S,Y:pp
#XxXxxxx [ Y:pp MOVEP HXXXXXX, Y pp
X:ea l Y:pp MOVEP X:ea,Y:pp
Y:eal Y:pp MOVEP Y:ea,Y:pp
P:eal Y:pp MOVEP P:ea,Y:pp

Description: Move the specified operand from/to the specified X or Y I/O peripheral.
The 1/0 short addressing mode is used for the 1/O peripheral address. All memory
addressing modes may be used for the X or Y memory effective address; all memory
alterable addressing modes may be used for the P memory effective address.

If the system stack register SSH is specified as a source operand, the system stack
pointer (SP) is postdecremented by 1 after SSH has been read. If the system stack reg-
ister SSH is specified as a destination operand, the system stack pointer (SP) is prein-
cremented by 1 before SSH is written. This allows the system stack to be efficiently
extended using software stack pointer operations.
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MOVEP Move Peripheral Data MOVEP

When a 56-bit accumulator (A or B) is specified as a source operand S, the accumulator
value is optionally shifted according to the scaling mode bits SO and S1 in the system
status register (SR). If the data out of the shifter indicates that the accumulator extension
register is in use and the data is to be moved into a 24-bit destination, the value stored in
the destination is limited to a maximum positive or negative saturation constant to mini-
mize truncation error. If a 24-bit source operand is to be moved into a 16-bit destination
register D, the 8 MS bits of the 24-bit source operand are discarded, and the 16 LS bits
are stored in the 16-bit destination register. Limiting does not occur if an individual 24-bit
accumulator register (A1, A0, B1, or BO) is specified as a source operand instead of the
full 56-bit accumulator (A or B). This limiting feature allows block floating-point opera-
tions to be performed with error detection since the L bit in the condition code register is
latched.

When a 56-bit accumulator (A or B) is specified as a destination operand D, any 24-bit
source data to be moved into that accumulator is automatically extended to 56 bits by
sign extending the MS bit of the source operand (bit 23) and appending the source oper-
and with 24 LS zeros. Whenever a 16-bit source operand S is to be moved into a 24-bit
destination, the 16-bit source is loaded into the LS 16 bits of the destination operand,
and the remaining 8 MS bits of the destination are zeroed. Note that for 24-bit source
operands both the automatic sign-extension and zeroing features may be disabled by
specifying the destination register to be one of the individual 24-bit accumulator registers
(Al or B1).

Note: Due to pipelining, if an address register (R, N, or M) is changed using a move-type
instruction, the new contents of the destination address register will not be available for
use during the following instruction (i.e, there is a single instuction cycle pipeline delay).

Restrictions: The following restrictions represent very unusual operations, which proba-
bly would never be used but are listed only for completeness.

A MOVEP instruction used within a DO loop which specifies SSH as the source oper-
and or LA, LC, SR, SP, SSH, or SSL as the destination operand cannot begin at the
address LA-2, LA-1, or LA within that DO loop.

A MOVERP instruction which specifies SSH as the source operand or LA, LC, SSH, SSL,
or SP as the destination operand cannot be used immediately before a DO instruc-
tion.
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MOVEP Move Peripheral Data MOVEP

A MOVEP instruction which specifies SSH as the source operand or LA, LC, SR, SSH,
SSL, or SP as the destination operand cannot be used immediately before an
ENDDO instruction.

A MOVERP instruction which specifies SSH as the source operand or SR, SSH, SSL, or
SP as the destination operand cannot be used immediately before an RTI instruction.

A MOVEP instruction which specifies SSH as the source operand or SSH, SSL, or SP
as the destination operand cannot be used immediately before an RTS instruction.

A MOVEP instruction which specifies SP as the destination operand cannot be used
immediately before a MOVEC, MOVEM, or MOVEP instruction which specifies SSH or
SSL as the source operand.

Example:
MOVEP #1113,X:<<$FFFE ‘initialize Bus Control Register wait states
Before Execution After Execution
X:$FFFE X:$FFFE
(BCR) $FFFF (BCR) $1113 |

Explanation of Example: Prior to execution, the 16-bit, X memory-mapped, 1/O bus
control register (BCR) contains the value $FFFF. The execution of the MOVEP
#$1113,X:<<$FFFE instruction moves the value $1113 into the 16-bit bus control regis-
ter X:$FFFE, resulting in one wait state for all external X, external Y, and external pro-
gram memory accesses and three wait states for all external 1/0 accesses.

Condition Codes:

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
LF [w | T o |si]sol n] o] ] eluln]z]Vv]c
- MR >« CCR —

For D=SR operand:

L — Set according to bit 6 of the source operand
E — Set according to bit 5 of the source operand
U — Set according to bit 4 of the source operand
N — Set according to bit 3 of the source operand
Z — Set according to bit 2 of the source operand
V — Set according to bit 1 of the source operand
C — Set according to bit 0 of the source operand
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MOVEP Move Peripheral Data MOVEP

For D#SR operand:
L — Set if data limiting has occurred during the move

Instruction Format (X: or Y: Reference):

MOVEP X:ea,X:pp
MOVEP Y:.ea,X:pp
MOVEP  #xxXxxXxX,X:pp
MOVEP X:pp,X:ea
MOVEP X:pp,Y:.ea
MOVEP X:ea,Y:pp
MOVEP Y:ea,Y:pp
MOVEP  #xxxxxX,Y:pp
MOVEP Y:pp,Y:ea
MOVEP Y:pp,Y:ea

Opcode:
23 16 15 8 7 0
0O 0 0 061 00 s|fwWw1M MMRIRIRI[IL S pp p p pop

OPTIONAL EFFECTIVE ADDRESS EXTENSION

Instruction Fields:
ea=6-hit Effective Address=MMMRRR,
pp=6-bit I/O Short Address=pppppp

Effective
Memory Space S AddressingMode M M M R R R
X Memory 0 (Rn)-Nn O 00 Trrrr
Y Memory 1 (Rn)+Nn O 021 rrr
(Rn)- O1 0 rrrr
Peripheral Space s (Rn)+ O 11 rr
X Memory 0 (Rn) 100 rr
Y Memory 1 (Rn+Nn) 1021 rrr
—(Rn) 111 rcr
Peripheral W  Absolute address 1 10000
Read 0 Immediate data 110100
Write 1
where “rrr” refers to an address register RO—R7
Timing: 4+mvp oscillator clock cycles
Memory: 1+ea program words
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MOVEP Move Peripheral Data MOVEP
Instruction Format (P: Reference):
MOVEP P:ea,X:pp
MOVEP X:pp,P:ea
MOVEP P:ea,Y:pp
MOVEP Y:pp,P:ea
Opcode:
23 16 15 8 7 0
0 0 O 1 0 0 s{wi1i1M MMIRIRR|O0O 1 p p p p
OPTIONAL EFFECTIVE ADDRESS EXTENSION
Instruction Fields:
ea=6-bit Effective Address=MMMRRR
pp=6-bit I/O Short Address=pppppp
Effective
Peripheral Space S AddressingMode M M M R R R
X Memory 0 (Rn)-Nn O 00 Trrcrrr
Y Memory 1 (Rn)+Nn O 021 rrr
(Rn)- O10rrrr
Peripheral W  (Rn)+ O 11 rr
Read 0 (Rn) 100 rr
Write 1 (Rn+Nn) 1 01 rr
—(Rn) 111 rcr
Absolute address 110 000
where “rrr” refers to an address register RO—R7
Timing: 4+mvp oscillator clock cycles
Memory: 1+ea program words
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MOVEP Move Peripheral Data MOVEP

Instruction Format (Register Reference):
MOVEP S X:pp
MOVEP  X:pp,D
MOVEP  S,Y:pp
MOVEP  Y:pp,D

Opcode:

23 16 15 8 7 0

0 0o 0o 01 o 0 s{wi1d d d d d d|0 0 p p p pop p

Instruction Fields:
pp=6-bit I/O Short Address=pppppp

Peripheral Space S Peripheral W
X Memory 0 Read 0
Y Memory 1 Write 1
S D D
S,D dddddd S/L  Sign Ext Zero S,D dddddd
X0 000100 no no no RO-R7 010nnn
X1 000101 no no no NO-N7 Ol1lnnn
YO 000110 no no no MO-M7 100nnn
Y1 000111 no no no SR 111001
AO 001000 no no no OMR 111010
BO 001001 no no no SP 111011
A2 001010 no no no SSH 111100
B2 001011 no no no SSL 111101
Al 001100 no no no LA 111110
Bl 001101 no no no LC 111111
A 001110 vyes A2 A0
B 001111 vyes B2 BO

where “nnn” = Rn number (RO - R7)
Nn number (NO - N7)
Mn number (MO - M7)

Timing: 4+mvp oscillator clock cycles

Memory: 1+ea program words
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MPY Signed Multiply MPY
Operation: Assembler Syntax:
+S1[ 52 [0 D (parallel move) MPY (+)S1,S2,D (parallel move)
+S1[52 0 D (parallel move) MPY (x)S2,S1,D (parallel move)

Description: Multiply the two signed 24-bit source operands S1 and S2 and store the
resulting product in the specified 56-bit destination accumulator D. The “—" sign option is
used to negate the specified product. The default sign option is *“+".

Example:

MPY —X1,Y1,A #$543210,Y0 —(X1[¥1) O A, update YO

Before Execution After Execution
X1 | $800000 | X1 | $800000 |
Y1 | $C00000 | Y1 | $C00000 |
A | $00:000000:000000 | A | $FF:C00000:000000 |

Explanation of Example: Prior to execution, the 24-bit X1 register contains the value
$800000 (-1.0), the 24-bit Y1 register contains the value $C00000, (-0.5), and the 56-bit
A accumulator contains the value $00:000000:000000 (0.0). The execution of the MPY —
X1,Y1,A instruction multiples the 24-bit signed value in the X1 register by the 24-bit
signed value in the Y1 register, negates the 48-bit product, and stores the result in the
56-bit A accumulator (-X1[¥ 1=-—0.5=$FF:C00000:000000=A).

Condition Codes:

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
LF [wx | T o |si]sof n] o] ] eluln]z]Vv]c
< MR > < CCR —>

L — Set if data limiting has occurred during parallel move

E — Set if the signed integer portion of A or B result is in use
U — Set if A or B result is unnormalized

N — Set if bit 55 of A or B result is set

Z — Set if A or B result equals zero

V — Always cleared
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MPY Signed Multiply MPY

Note: The definition of the E and U bits varies according to the scaling mode being used.
Refer to A.4 CONDITION CODE COMPUTATION for complete details.

Instruction Format:
MPY (+)S1,S2,D
MPY (¥)S2,S1,D

Opcode:

23 8 7 4 3 0
DATA BUS MOVE FIELD 1 Q Q Q|d k 0 o0

OPTIONAL EFFECTIVE ADDRESS EXTENSION

Instruction Fields:

S1[82 Sign k

X0 X0
YO YO
X1 X0
Y1YO
X0Y1
YO X0
X1YO0
Y1 X1

RPRRROOOO O
PR OORROO O
RPORrRORORO O
+
=
wX>» O
RO a

Note: Only the indicated S1L52 combinations are valid. X1[X1 and Y1[L¥1 are not valid.
Timing: 2+mv oscillator clock cycles

Memory: 1+mv program words
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MPYR Signed Multiply and Round MPYR
Operation: Assembler Syntax:
+S1[B52+r O D (parallel move) MPYR (£)S1,S2,D (parallel move)
+S1[B52+r O D (parallel move) MPYR (£)S2,51,D (parallel move)

Description: Multiply the two signed 24-bit source operands S1 and S2, round the result
using convergent rounding, and store it in the specified 56-bit destination accumulator D.
The “-=" sign option is used to negate the product prior to rounding. The default sign
option is “+”. The contribution of the LS bits of the result is rounded into the upper por-
tion of the destination accumulator (Al or B1) by adding a constant to the LS bits of the
lower portion of the accumulator (A0 or B0O). The value of the constant added is deter-
mined by the scaling mode bits SO and S1 in the status register. Once the rounding has
been completed, the LS bits of the destination accumulator D (A0 or BO) are loaded with
zeros to maintain an unbiased accumulator value which may be reused by the next
instruction. The upper portion of the accumulator (Al or B1) contains the rounded result
which may be read out to the data buses. Refer to the RND instruction for more complete
information on the convergent rounding process.

Example:
MPYR. -Y0,Y0,B (R3)-N3 ;square and negate YO, update R3
Before Execution After Execution
YO0 | $654321 | YO0 | $654321 |
B| $00:000000:000000 | B | $FF:AFE3ED:000000 |

Explanation of Example: Prior to execution, the 24-bit YO register contains the value
$654321 (0.791111112), and the 56-bit B accumulator contains the value
$00:000000:000000 (0.0). The execution of the MPYR -Y0,Y0,B instruction squares the
24-bit signed value in the YO register, negates the resulting 48-bit product, rounds the
result into B1, and zeros BO (-YOL¥0=-0.625856790961748 approximately=
$FF:AFE3EC:B76B7E, which is rounded to the value $FF:AFE3ED:000000=
—0.625856757164002=B).
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