

































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































BLT

Branch if Less than Zero

PC ¢ (PC) +$0002 + Rel
i.e., if (ACCX)<(M)

Operation: if (N)®(V)=1

Description:

BLT

(twos-complement signed numbers)

If the BLT instruction is executed immediately after execution of any of

the instructons, CBA, CMP(A, B, or D), CP(X or Y), SBA, SUB(A, B, or D), the branch
will occur if and only if the twos-complement number represented by ACCX was less

than the twos-complement number represented by M.

See BRA instruction for further details of the execution of the branch.

Condition Codes and Boolean Formulae:

None affected
Source Form: BLT (rel)

Addressing Modes, Machine Code, and Cycle-by-Cycle Execution:

Cycle BLT (REL) _
Addr Data R/W

1 oP 2D 1

2 |OP+1 rr 1

3 |FFFF  — 1

The following table is a summary of all branch instructions.

Test Boolean Mnemonic Opcode Complementary Branch Comment
r>m Z+(IN®V)=0 BGT 2E rsm BLE 2F Signed
r=m N®V=0 BGE 2C r<m BLT 2D Signed
r=m Z=1 BEQ 27 r£m BNE 26 Signed
r<m Z+(N®V)=1 BLE 2F r>m BGT 2E Signed
r<m N@®V=1 BLT 2D r=m BGE 2C Signed
r>m C+Z=0 BHI 22 rsm BLS 23 Unsigned
r=m C=0 BHS/BCC 24 r<m BLO/BCS 25 Unsigned
r=m Z=1 BEQ 27 r+£m BNE 26 Unsigned
r<m C+Z=1 BLS 23 r>m BHI 22 Unsigned
r<m C=1 BLO/BCS 25 r=m BHS/BCC 24 Unsigned
Carry C=1 BCS 25 No Carry BCC 24 Simple

Negative N=1 BMI 2B Plus BPL 2A Simple

Overflow V=1 BVS 29 No Overflow BVC 28 Simple
r=0 Z=1 BEQ 27 r#0 BNE 26 Simple

Always — BRA 20 Never BRN 21 Unconditional
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BMI Branch if Minus BMI

- Operation: PC ¢ (PC)+$0002 + Rel! if (N)=1
Description:  Tests the state of the N bit in the CCR and causes a branch if N is set.
See BRA instruction for further details of the execution of the branch.

Condition Codes and Boolean Formulae:

None affected
Source Form: BMI (rel)

Addressing Modes, Machine Code, and Cycle-by-Cycle Execution:

BMI (REL)
Cycle —
Addr Data RW
1 oP 2B 1
2 |OP+1 r 1
3 FFFF — 1

The following table is a summary of all branch instructions.

Test Boolean M ic Opcod Compl y Branch Comment
™m Z+IN®V)=0 BGT 2E r<m BLE 2F Signed
r=m N®V=0 BGE 2C r<m BLT 2D Signed
r=m Z=1 BEQ 27 r£m BNE 26 Signed
r<m Z+(N@V)=1 BLE 2F r>m BGT 2E Signed
r<m N®V=1 BLT 2D r=m BGE 2C Signed
r>m C+Z=0 BHI 22 rsm BLS 23 Unsigned
r=m C=0 BHS/BCC 24 r<m BLO/BCS 25 Unsigned
r=m Z=1 BEQ 27 r£m * BNE 26 Unsigned
r<m C+Z=1 BLS 23 r>m BHI 22 Unsigned
r<m C=1 BLO/BCS 25 r=m BHS/BCC 24 Unsigned
Carry Cc=1 BCS 25 No Carry BCC 24 Simple
Negative N=1 BMI 2B Plus BPL 2A Simple
Overflow V=1 BVS 29 No Overflow  BVC 28 Simple
r=0 Z=1 BEQ 27 r#0 BNE 26 Simple
Always - BRA 20 Never BRN 21 Unconditional
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BNE BNE

Branch if Not Equal to Zero

Operation: PC ¢ (PC)+$0002 + Rel if (Z)=0

Description:  Tests the state of the Z bit in the CCR and causes a branch if Z is clear.
See BRA instruction for further details of the execution of the branch.

Condition Codes and Boolean Formulae:

e

None affected

N z v C

- -]-1-]

Source Form: BNE (rel)

Addressing Modes, Machine Code, and Cycle-by-Cycle Execution:

BNE (REL)
Cycle —
Addr Data RW
1 oP 26 1
2 |OP+1 rr 1
3 FFFF  — 1

The following table is a summary of all branch instructions.

Test Boolean Mnemonic Opcod Compl tary Branch Comment
r>m Z+IN@®V)=0 BGT 2E rsm BLE 2F Signed
r=m N®V=0 BGE 2C r<m BLT 2D Signed
r=m Z=1 BEQ 27 r£m BNE 26 Signed
r<m Z+(N®V)=1 BLE 2F r>m BGT 2E Signed
r<m N@V=1 BLT 2D r=m BGE 2C Signed
>m C+Z=0 BHI 22 r<m BLS 23 Unsigned
r=m C=0 BHS/BCC 24 r<m BLO/BCS 25 Unsigned
r=m Z=1 BEQ 27 r£m BNE 26 Unsigned
rsm C+Z=1 BLS 23 >m BHI 22 Unsigned
r<m C=1 BLO/BCS 25 r=m BHS/BCC 24 Unsigned
Carry C=1 BCS 25 No Carry BCC 24 Simple
Negative N=1 BMI 2B Plus BPL 2A Simple
Overflow V=1 BVS 29 No Overflow  BVC 28 Simple
r=0 Z=1 BEQ 27 r#0 BNE 26 Simple
Always — BRA 20 Never BRN 21 Unconditional
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BPL

Operation:

Description:

See BRA instruction for details of the execution of the branch.

Branch if Plus

PC 4 (PC) +$0002 +Rel

if (N)=0

BPL

Tests the state of the N bit in the CCR and causes a branch if N is clear.

Condition Codes and Boolean Formulae:

None affe

Source Form:

cted

BPL (rel)

Addressing Modes, Machine Code, and Cycle-by-Cycle Execution:

BPL (REL)

Cycle
ve Addr

Data RW

opP
FFFF

2A

1 1
2 |OP+1 rr 1
3 1

The following table is a summary of all branch instructions.

Test Boolean Mnemonic Opcode Complementary Branch Comment
>m Z+IN®V)=0 BGT 2E r<m BLE 2F Signed
r=m N®V=0 BGE 2C r<m BLT 2D Signed
r=m - Z=1 BEQ 27 r£m BNE 26 Signed
r<sm Z+(NDV)=1 BLE 2F r>m BGT 2E Signed
r<m NDV=1 BLT 2D r=m BGE 2C Signed
r>m C+2Z=0 BHI 22 r<m BLS 23 Unsigned
r=m C=0 BHS/BCC 24 r<m BLO/BCS 25 Unsigned
r=m Z=1 BEQ 27 r£m BNE 26 Unsigned
rsm C+Z=1 BLS 23 r>m BHI 22 Unsigned
r<m C=1 BLO/BCS 25 r=m BHS/BCC 24 Unsigned
Carry C=1 BCS 25 No Carry BCC 24 Simple
Negative N=1 BMI 2B Plus BPL 2A Simple
Overflow V=1 BVS 29 No Overflow BVC 28 Simple
r=0 Z=1 BEQ 27 r#0 BNE 26 Simple
Always — BRA 20 Never BRN 21 Unconditional
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BRA

Branch Always

Operation: PC ¢ (PC)+$0002 + Rel

Description:

BRA

Unconditional branch to the address given by the foregoing formula, in

which Rel is the relative offset stored as a twos complement number in the second

byte of machine code corresponding to the branch instruction.

The source program specifies the destination of any branch instruction by its absolute
address, either as a numerical value or as a symbol or expression, that can be nu-
merically evaluated by the assembler. The assembler obtains the relative address, Rel,
from the absolute address and the current value of the location counter.

Condition Codes and Boolean Formulae:

None affected

Source Form: BRA (rel)

Addressing Modes, Machine Code, and Cycle-by-Cycle Execution:

BRA (REL)
Addr Data RW
opP 20 1

1
2 |OP+1 rr
3 FFFF —

Cycle

The following table is a summary of all branch instructions.

Test Boolean Mnemonic Opcode Complementary Branch Comment
™>m Z+IN@®V)=0 BGT 2E r<m BLE 2F Signed
r=m N®V=0 BGE 2C r<m BLT 2D Signed
r=m Z=1 BEQ 27 r£m BNE 26 Signed
r<m Z+(N®V)=1 BLE 2F r>m BGT 2E Signed
r<m NDV=1 BLT 2D r=m BGE 2C Signed
r>m C+Z=0 BHI 22 rsm BLS 23 Unsigned
r=m C=0 BHS/BCC 24 r<m BLO/BCS 25 Unsigned
r=m Z=1 BEQ 27 r£m BNE 26 Unsigned
rsm C+Z=1 BLS 23 r>m BHI 22 Unsigned
r<m C=1 BLO/BCS 25 r=m BHS/BCC 24 Unsigned
Carry C=1 BCS 25 No Carry BCC 24 Simple
Negative N=1 BMI 2B Plus BPL 2A Simple
Overflow V=1 BVS 29 No Overflow BVC 28 Simple
r=0 Z=1 BEQ 27 r#0 BNE 26 Simple
Always — BRA 20 Never BRN 21 Unconditional
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BRCLR

Operation:

Description:

PC ¢ (PC)+$0004 + Rel
PC 4 (PC) +$0005 + Rel

Branch if Bit(s) Clear

if (M)s(PC+2)=0
if (M)o(PC+3)=0 (for IND, Y address mode only)

BRCLR

Performs the logical AND of location M and the mask supplied with the
instruction, then branches if the result is zero (only if all bits corresponding to ones
in the mask byte are zeros in the tested byte).

Condition Codes and Boolean Formulae:

S X

H |

N Z

=1 -T-T-T-1-

—

None affected

Source Form:

Addressing Modes, Machine Code, and Cycle-by-Cycle Execution:

BRCLR (opr) (msk) (rel)

Cvel BRCLR (DIR) BRCLR (IND, X) BRCLR (IND, Y)

VO "Addr Data RW |Addr Data RW | Addr Data RW
1 oP 13 1 oP 1F 1 oP 18 1

2 [OP+1 dd 1 |OP+1 ff 1 OP+1 1F 1
3 |o0odd (00dd) 1 | FFFF  — 1 OP+2 f 1
4 |OP+2 mm 1| X+ X+ 1 FFFF — 1
5 |oP+3 1 |oP+2 mm 1| U+ (Y4 1
6 |FFFF — 1 |OP+3 r 1 OP+3 mm 1
7 FFFF  — 1 OP+4 rr 1
8 FFFF — 1
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BRN Branch Never

Operation: PC 4 (PC)+$0002

BRN

Description: Never branches. In effect, this instruction can be considered as a two-byte
NOP (no operation) requiring three cycles for execution. Its inclusion in the instruction
set is to provide a complement for the BRA instruction. The instruction is useful during
program debug to negate the effect of another branch instruction without disturbing
the offset byte. Having a complement for BRA is also useful in compiler implemen-

tations.

Condition Codes and Boolean Formulae:

None affected
Source Form: BRN (rel)

Addressing Modes, Machine Code, and Cycle-by-Cycle Execution:

Cyele BRN (REL) _
Addr Data R/W

1 oP 21 1

2 [OP+1 r 1

3 |FFFF  — 1

The following table is a summary of all branch instructions.

Test Boolean Mnemonic Opcode Complementary Branch Comment
r>m Z+(N®V)=0 BGT 2E r<m BLE 2F Signed
r=m N®V=0 BGE 2C r<m BLT 2D Signed
r=m Z=1 BEQ 27 r#m BNE 26 Signed
rsm Z+(N®V)=1 BLE 2F r>m BGT 2E Signed
r<m N®V=1 BLT 2D r=m BGE 2C Signed
r>m C+2=0 BHI 22 r<sm BLS 23 Unsigned
r=m C=0 BHS/BCC 24 r<m BLO/BCS 25 Unsigned
r=m Z=1 BEQ 27 r£m BNE 26 Unsigned
rsm C+Z=1 BLS 23 r>m BHI 22 Unsigned
r<m C=1 BLO/BCS 25 r=m BHS/BCC 24 Unsigned
Carry C=1 BCS 25 No Carry BCC 24 Simple

Negative N=1 BMI 2B Plus BPL 2A Simple

Overflow V=1 BVS 29 No Overflow BVC 28 Simple
r=0 Z=1 BEQ 27 r£0 BNE 26 Simple

Always — BRA 20 Never BRN 21 Unconditional
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BRS ET Branch if Bit(s) Set BRS ET

Operation: PC 4 (PC)+$0004 +Rel if (M)(PC+2)=0

f (M)s(
PC 4 (PC)+$0005+Rel if (M)«(PC+3)=0 (for IND, Y address mode only)

Description: Performs the logical AND of location M inverted and the mask supplied
with the instruction, then branches if the result is zero (only if all bits corresponding
to ones in the mask byte are ones in the tested byte).

Condition Codes and Boolean Formulae:

S X H z v c

N N P P e N

None affected

Source Form: BRSET (opr) (msk) (rel)

Addressing Modes, Machine Code, and Cycle-by-Cycle Execution:

Cvele BRSET (DIR) BRSET (IND, X) BRSET (IND, Y)
V?® [Addr Data RW | Addr Data RW | Addr Data RW
1 OoP 12 1 oP 1E 1 oP 18 1
2 OP+1 dd 1 |OP+1 ff 1 OP+1 1E 1
3 00dd (00dd) 1 FFFF — 1 OP+2 ff 1
4 10P+2 mm 1 X+ff (X+ff) 1 FFFF — 1
5 |OP+3 rr 1 |OP+2 mm 1 (1Y) +ff (Y +ff) 1
6 | FFFF  — 1 |OP+3 rr 1 OP+3 mm 1
7 FFFF  — 1 | OP+4 1
8 FFFF — 1
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BSET BSET

Operation:

Set Bit(s) in Memory

M ¢ (M) +(PC+2)

M ¢ (M)+(PC+3) (for IND, Y address mode only)

Description:  Set multiple bits in location M. The bit(s) to be set are specified by ones
in the mask byte (last machine code byte of the instruction). All other bits in M are
unaffected.

Condition Codes and Boolean Formulae:

ST T-T-Tslss1-]

N R7
Set if MSB of result is set; cleared otherwise.

Z R7*R6°R5°R4°R3+R2+R1°R0
Set if result is $00; cleared otherwise.

VvV o0
Cleared

Source Form: BSET (opr) (msk)

Addressing Modes, Machine Code, and Cycle-by-Cycle Execution:

A-34

Cvel BSET (DIR) BSET (IND; X) BSET (IND, Y)

Y®%® CAddr Data RW | Addr Data RW | Addr Data R
1 oP 14 1 OoP 1C 1 oP 18

2 |OP+1 dd 1 |OP+1 ff 1 OP+1 1Cc

3 00dd  (00dd) 1 FFFF — 1 OP+2 ff

4 |OP+2 mm 1 X+ff (X +ff) 1 FFFF —

5 FFFF — 1 |OP+2 mm 1 (1Y) +ff (Y +ff)

6 00dd result 0 FFFF — 1 OP+3 mm

7 X+ff  result 0 FFFF —

8 Y +ff result
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BS R Branch to Subroutine BS R

Operation: PC ¢ (PC)+$0002 Advance PC to return address

=« (PCL) Push low-order return onto stack

SP ¢ (SP)-0001

= (PCH) Push high-order return onto stack

SP ¢4 (SP) —$0001

PC 4 (PC) +Rel Load start address of requested subroutine

Description:  The program counter is incremented by two (this will be the return ad-
dress). The least significant byte of the contents of the program counter (low-order
return address) is pushed onto the stack. The stack pointer is then decremented by
one. The most significant byte of the contents of the program counter (high-order
return address) is pushed onto the stack. The stack pointer is then decremented by
one. A branch then occurs to the location specified by the branch offset.

See BRA instruction for further details of the execution of the branch.

Condition Codes and Boolean Formulae:

S X H C

N P

None affected

Source Form: BSR (rel)

Addressing Modes, Machine Code, and Cycle-by-Cycle Execution:

BSR (REL)
Addr Data R

W
opP 8D 1
OP+1 44 1
1
1
0
0

Cycle

FFFF  —
Sub Nxt op
SP  Rtnlo

SP-1 Rtn hi

OO H WN =
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BVC | Branch if Overflow Clear BVC

Operation: PC ¢ (PC)+$0002 + Rel if (V)=0

Description:  Tests the state of the V bit in the CCR and causes a branch if V is clear.
Used after an operation on twos-complement binary values, this instruction will cause
a branch if there was NO overflow. That is, branch if the twos-complement result was
valid.

See BRA instruction for further details of the execution of the branch.

Condition Codes and Boolean Formulae:

None affected
Source Form: BVC (rel)

Addressing Modes, Machine Code, and Cycle-by-Cycle Execution:

Cycle BVC (REL) _
Addr Data RW

1 oP 28 1

2 |OP+1 r 1

3 |FFFF — 1

The following table is a summary of all branch instructions.

Test Boolean Mnemonic Opcode Complementary Branch Comment
r>m Z+IN®V)=0 BGT 2E r<m BLE 2F Signed
r=m N®V=0 BGE 2C r<m BLT 2D Signed
r=m Z=1 BEQ 27 r£m BNE 26 Signed
r<m Z+(NDV)=1 BLE 2F >m BGT 2E Signed
r<m NPV=1 BLT 2D r=m BGE 2C Signed
>m C+Z=0 BHI 22 rsm BLS 23 Unsigned
r=m C=0 BHS/BCC 24 r<m BLO/BCS 25 Unsigned
r=m Z=1 BEQ 27 r£m BNE 26 Unsigned
r<m C+Z=1 BLS 23 r>m BHI 22 Unsigned
r<m C=1 BLO/BCS 25 r=m BHS/BCC 24 Unsigned
Carry C=1 BCS 25 No Carry BCC 24 Simple

Negative N=1 BMI 2B Plus BPL 2A Simple

Overflow V=1 BVS 29 No Overflow  BVC 28 Simple
r=0 z=1 BEQ 27 r#0  BNE 26 Simple

Always —_ BRA 20 Never BRN 21 Unconditional
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BVS Branch if Overflow Set | BVS

Operation: PC 4 (PC)+$0002 + Rel if (V)=1
Description:  Tests the state of the V bit in the CCR and causes a branch if V is set.

Used after an operation on twos-complement binary values, this instruction will cause
a branch if there was an overflow. That is, branch if the twos-complement result was
invalid.

See BRA instruction for details of the execution of the branch.

Condition Codes and Boolean Formulae:
X H | N z v c

s
=1 -T-T-T-J]-T-7T-1]

None affected

Source Form: BVS (rel)

Addressing Modes, Machine Code, and Cycle-by-Cycle Execution:

Cycle BVS (REL) _
Addr Data RW

1 opP 29 1

2 |0OP+1 r 1

3 | FFFF  — 1

The following table is a summary of all branch instructions.

- Test Bool M ic Opcod Compl tary Branch Comment
>m Z+IN®V)=0 BGT 2E r<sm BLE 2F Signed
r=m N®V=0 BGE 2C r<m BLT 2D Signed
r=m Z=1 BEQ 27 r£m BNE 26 Signed
r<m Z+(N®V)=1 BLE 2F r>m BGT 2E Signed
r<m N®V=1 BLT 2D r=m BGE 2C Signed
r>m C+Z=0 BHI 22 r<m BLS 23 Unsigned
r=m C=0 BHS/BCC 24 r<m BLO/BCS 25 Unsigned
r=m Z=1 BEQ 27 r#m BNE 26 Unsigned
rsm C+Z=1 BLS 23 r>m BHI 22 Unsigned
r<m C=1 BLO/BCS 25 r=m BHS/BCC 24 Unsigned
Carry C=1 BCS 25 No Carry BCC 24 Simple

Negative N=1 BMI 2B Plus BPL 2A Simple

Overflow V=1 BVS 29 No Overflow  BVC 28 Simple
r=0 Z=1 BEQ 27 r+0 BNE 26 Simple

Always — BRA 20 Never BRN pal Unconditional

MOTOROLA M68HC11 REFERENCE MANUAL A-37



CBA Compare Accumulators C BA

Operation: (ACCA)-(ACCB)

Description:  Compares the contents of ACCA to the contents of ACCB and sets the
condition codes, which may be used for arithmetic and logical conditional branches.
Both operands are unaffected.

Condition Codes and Boolean Formulae:
c

s X H I N z v
- -1l-1-1lsls[s]|s]
N R7

Set if MSB of result is set; cleared otherwise.

Z R7+R6+R5°R4+R3+R2+R1+R0

Set if result is $00; cleared otherwise.
V A7<B7+.R7+A7+B7+R7

Set if atwos complement overflow resulted from the operation; cleared otherwise.
C A7+B7+B7+R7+R7+A7

Set if there was a borrow from the MSB of the result; cleared otherwise.

Source Form: CBA

Addressing Modes, Machine Code, and Cycle-by-Cycle Execution:

CBA (INH)
Addr Data RW

1 OP 1 1
2 |OP+1 — 1

Cycle
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C LC ‘ Clear Carry ‘ CLC

Operation: Chbit40
Description:  Clears the C bit in the CCR.

CLC may be used to set up the C bit prior to a shift or rotate instruction involving the
C bit.
Condition Codes and Boolean Formulae:
X H v C

S | N z
= -T-T-T-JT-T=-T¢]

C o0
Cleared

Source Form: CLC

Addressing Modes, Machine Code, and Cycle-by-Cycle Execution:

CLC (INH)
Cycle —
Addr Data RW
1 oP oc 1
2 [OP+1 —_ 1
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CLI Clear Interrupt Mask CLI

Operation: I bit4 O

Description:  Clears the interrupt mask bit in the CCR. When the | bit is clear, interrupts
are enabled. There is a one E-clock cycle delay in the clearing mechanism for the | bit
so that, if interrupts were previously disabled, the next instruction after a CLI will
always be executed, even if there was an interrupt pending prior to execution of the
CLI instruction.

Condition Codes and Boolean Formulae:
s X H I N z v C
[ T -To [ -T-T-T-"1
I 0
Cleared

Source Form: CLI

Addressing Modes, Machine Code, and Cycle-by-Cycle Execution:

CLI (INH)
Addr Data RW

1 oP OE 1
2 |OP+1 — 1

Cycle
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CLR Clear CLR

Operation: ACCX ¢0 or: M4O
Description;  The contents of ACCX or M are replaced with zeros.

Condition Codes and Boolean Formulae:
s X H 1 N z v c

=T -T-T-Tol+vJTofo ]

N O
Cleared

Z 1
Set

V 0
Cleared

co
Cleared

Source Forms: CLRA; CLRB; CLR (opr)

Addressing Modes, Machine Code, and Cycle-by-Cycle Execution:

Crele CLRA (INH) CLRB (INH) CLR (EXT) CLR (IND, X) CLR (IND, Y)

Y®%® [Addr Data RW |Addr Data RW |Addr Data RW |Addr Data RW | Addr Data RW
1 OP  4F 1 OP  5F 1 | op 7F 1 | oP  6F 1 | op 18 1
2 |oP+1 — 1 [OP+1 — 1 [OP+1 hh 1 |oP+1 1 |OP+1 6F 1
3 OP+2 I 1 | FFFF — 1 |oP+2 ff 1
4 hhil  (hhl) 1 | X+ff (X+f) 1 | FFFF — 1
5 FFFF  — 1 | FFFF — 1| YR (Y+) 1
6 hhil 00 0 [x+ff 00 0 |FFFF — 1
7 Y+ff 00 0
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CLV Clear Twos-Complement Overflow Bit CLV

Operation: V bit 40
Description:  Clears the twos complement overflow bit in the CCR.

Condition Codes and Boolean Formulae:

s X H ] N z v c
(= [-T-T-T-T-T0o -]
Vo

Cleared

Source Form: CLV

Addressing Modes, Machine Code, and Cycle-by-Cycle Execution:

CLV (INH)
Cycle —
Addr Data R/W
1 oP 0A 1
2 |OP+1 — 1
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C M P Compare CM P

Operation: (ACCX) — (M)

Description:  Compares the contents of ACCX to the contents of M and sets the condition
codes, which may be used for arithmetic and logical conditional branching. Both
operands are unaffected.

Condition Codes and Boolean Formulae:

s X H | N z v c
- l-l-[-[s[s]s]s]
N R7

Set if MSB of result is set; cleared otherwise.

Z R7-R6-R5<R4-R3+R2+-R1+R0
Set if result is $00; cleared otherwise.
V X7+M7+R7+X7+M7+R7
Set if atwos complement overflow resulted from the operation; cleared otherwise.

C X7+M7+M7+R7+R7X7
Set if there was a borrow from the MSB of the result; cleared otherwise.

Source Forms: CMPA (opr); CMPB (opr)

Addressing Modes, Machine Code, and Cycle-by-Cycle Execution:

Crele CMPA (IMM) CMPA (DIR) CMPA (EXT) CMPA (IND, X) CMPA (IND, Y)
VOle "Addr Data RW | Addr Data RW | Addr Data RW | Addr Data RW | Addr Data RW
1 oP 81 1 or 9 1 OP  B1 1 oP Al 1 oP 18 1
2 |OP+1 i 1 |OP+1 dd 1 |OP+1 hh 1 |oP+1  ff 1 |oP+1 A1 1
3 00dd (00dd) 1 [OP+2 I 1 | FFFF — 1 |oP+2 ff 1
4 hhil  (hhll) 1 | X+ff (X+f) 1 |FFFF  — 1
5 Y+ff (Y+ff) 1
Crele CMPB (IMM) CMPB (DIR) CMPB (EXT) CMPB (IND, X) CMPB (IND, Y)
VOl® "Addr Data RW |Addr Data RW | Addr Data R/W | Addr Data RW | Addr Data RW
1 oP 1 OP DI 1 oP F1 1 OP E1 1 | op 18 1
2 |oP+1 i 1 |OP+1 dd 1 |OP+1 hh 1 |oP+1  ff 1 |oP+1 E1 1
3 00dd (00dd) 1 [OP+2 I 1 | FFFF — 1 |oP+2 ff 1
4 hhil  (hhll) 1 [ X+ (X+f) 1 |FFFF  — 1
5 Y+ (Y+ff) 1
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CO M ‘ Complement COM

Operation: ACCX ¢ (ACCX) =$FF—(ACCX) or: M ¢ (M)=$FF—(M)

Description: Replaces the contents of ACCX or M with its ones complement. (Each bit
of the contents of ACCX or M is replaced with the complement of that bit.) To complement
a value without affecting the C-bit, EXclusive-OR the value with $FF.

Condition Codes and Boolean Formulae:

T T T Telelo] ]

N R7
Set if MSB of result is set; cleared otherwise.

Z R7+R6+R5°R4+R3+R2-R1+R0

Set if result is $00; cleared otherwise.
VvV 0

Cleared

C 1
Set (For compatibility with M6800)

Source Forms: COMA; COMB; COM (opr)

Addressing Modes, Machine Code, and Cycle-by-Cycle Execution:

Crele COMA (INH) COMB (INH) COM (EXT) COM (IND, X) COM (IND, Y)
Y®® CAddr Data RW |Addr Data RW | Addr Data RW |Addr Data RW | Addr Data RW
1 oP 43 1 | oP 53 1 | opr 73 1 | op 63 1 oP 18 1
2 |oP+1 — 1 |oP+1 — 1 |OoP+1 hh 1 |oP+1  ff 1 |oP+1 63 1
3 OP+2 Il 1 | FFFE  — 1 |oP+2  ff 1
4 hhil  (hhi) 1 | X+ff (X+f) 1 |FFFF — 1
5 FFFF  — 1 | FFFF  — 1 Y+ (Y+) 1
6 hhil  result 0 | X+ff result 0 FFFF —_ 1
7 Y+ff result 0
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CPD Compare Double Accumulator CPD

Operation: (ACCD)—(M:M+1)

Description:  Compares the contents of accumulator D with a 16-bit value at the address
specified and sets the condition codes accordingly. The compare is accomplished
internally by doing a 16-bit subtract of (M:M+ 1) from accumulator D without modi-
fying either accumulator D or (M:M +1).

Condition Codes and Boolean Formulae:

CTT-T-Ts[elsls]

N R15
Set if MSB of result is set; cleared otherwise.
Z R15+R14+R13+R12+R11+R10*RI+R8+R7+R6+R5+R4+*R3+R2+*R1+R0
Set if result is $0000; cleared otherwise.
V D15+M15+R15+D15+M15+R15
Set if atwos complement overflow resulted from the operation; cleared otherwise.

C D15+M15+M15+R15+R15+D15
Set if the absolute value of the contents of memory is larger than the absolute
value of the accumulator; cleared otherwise.
Source Form: CPD (opr)

Addressing Modes, Machine Code, and Cycle-by-Cycle Execution:

. CPD {IMM) CPD (DIR) CPD (EXT) CPD (IND, X) CPD (IND, Y)

cle — — — — —

Oy Addr  Data RW | Addr Data RW | Addr Data RW | Addr Data RW | Addr Data RW
1 oP 1A 1 oP 1A 1 oP 1A 1 OoP 1A 1 oP cD 1
2 |OP+1 83 1 OP+1 93 1 OP+1 B3 1 OP+1 A3 1 OP+1 A3 1
3 |[OP+2 i 1 OP+2 dd 1 OP+2 hh 1 OP+2 ff 1 OP+2 ff 1
4 |OP+3 kk 1 00dd  (00dd) 1 OP+3 ] 1 FFFF — 1 FFFF — 1
5 FFFF —_ 1 ]00dd+1(00dd+1) 1 hhli (hhil) 1 X+ff (X+ff) 1 Y +ff (Y +ff) 1
6 FFFF _ 1 hhil+1 (hhit+1) 1 X+ff+1(X+f+1) 1 [Y+ff+1 (Y+ff+1) 1
7 FFFF — 1 FFFF — 1 FFFF — 1
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CPX Compare Index Register X | CPX

Operation: (IX)—(M:M+1)

Description:  Compares the contents of the index register X with a 16-bit value at the
address specified and sets the condition codes accordingly. The compare is accom-
plished internally by doing a 16-bit subtract of (M:M + 1) from index register X without
modifying either index register X or (M:M+1).

Condition Codes and Boolean Formulae:

S T-T-T-Ts[slels]

N R15
Set if MSB of result is set; cleared otherwise.
Z R15+R14-R13+R12+R11+R10°R9+R8+R7+R6+R5+R4+R3+*R2+R1+R0O
Set if result is $0000; cleared otherwise.
V 1X15+M15+R15+1X15+ M15+R15
Set if a twos complement overflow resulted from the operation; cleared otherwise.

C IX15+M15+M15+R15+R15+1X15
Set if the absolute value of the contents of memory is larger than the absolute -
value of the index register; cleared otherwise.

Source Form: CPX (opr)

Addressing Modes, Machine Code, and Cycle-by-Cycle Execution:

Cvel CPX (IMM) CPX (DIR) CPX (EXT) CPX (IND, X) CPX (IND, Y)

cle — — — —

v Addr  Data RW | Addr Data RW | Addr Data RW | Addr Data RW | Addr Data RW
1 opP 8C 1 oP 9C 1 opP BC 1 oP  AC 1 oP cb 1
2 |OP+1 i 1 OP+1 dd 1 OP+1 hh 1 OP+1 ff 1 OP+1 AC 1
3 [OP+2 kk 1 00dd  (00dd) 1 OP+2 I 1 FFFF — 1 OP+2 f 1
4 | FFFF — 1 |00dd+1 (00dd+1) 1 hhil (hhll) 1 X+ff (X+ff) 1 FFFF — 1
5 FFFF —_ 1 hhil+1 (hhli+1) 1 I X+ff+1(X+ff+1) 1 Y +ff (Y +ff) 1
6 FFFF - 1 | FFFF — 1 Y+ (Y +ff+1) 1
7 FFFF — 1
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C PY | Compare Index Register Y C PY

Operation: (IY)—(M:M +1)

Description:  Compares the contents of the index register Y with a 16-bit value at the
address specified and sets the condition codes accordingly. The compare is accom-
plished internally by doing a 16-bit subtract of (M:M + 1) from index register Y without
modifying either index register Y or (M:M+1).

Condition Codes and Boolean Formulae:
s X H | N z v c
-~ -1-[-[s[s][s]s]

N R15
Set if MSB of result is set; cleared otherwise.

Z R15.R14°R13+R12+R11+R10+-R9+*R8*R7+R6+*R5+R4+R3+R2+R1+R0
Set if result is $0000; cleared otherwise.

V IY15+M15+R15+1Y15+ M15+R15
Set if atwos complement overflow resulted from the operation; cleared otherwise.

C IY15+M15+M15+R15+R15°1Y15
Set if the absolute value of the contents of memory is larger than the absolute
value of the index register; cleared otherwise.

Source Form: CPY (opr)

Addressing Modes, Machine Code, and Cycle-by-Cycle Execution:

Cvel CPY (IMM) CPY (DIR) CPY (EXT) CPY (IND, X) CPY (IND, Y)

cle — — — — —

v Addr Data RW | Addr Data RW | Addr Data RW | Addr Data RW | Addr Data RW
1 oP 18 1 op 18 1 oP 18 1 opP 1A 1 oP 18 1
2 |OP+1 8C 1 OP+1 9C 1 OP+1 BC 1 OP+1 AC 1 OP+1 AC 1
3 |OP+2 ji 1 OP+2 dd 1 OP+2 hh 1 OP+2 ff 1 OP+2 ff 1
4 (OP+3 kk 1 00dd  (00dd) 1 OP+3 ] 1 FFFF — 1 FFFF — 1
5 FFFF — 1 |00dd+1 (00dd+1) 1 hhll (hhi1) 1 X+ff (X+ff) 1 Y+t (Y+ff) 1
6 FFFF — 1 |hhil+1 (hhli+1) 1 X+ (X)) 1 (Y1 (Y+f+1) 1
7 FFFF — 1 FFFF — 1 FFFF — 1
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DAA

Operation:
all legal combinations of input operands. A correction factor (column 5 in the following

Decimal Adjust ACCA

a valid BCD value and set or clear the carry bit.

DAA

The following table summarizes the operation of the DAA instruction for

table) is added to ACCA to restore the result of an addition of two BCD operands to

State of Upper Initial Lower Number State of
C Bit Half-Byte Half-Carry Half-Byte Added C Bit
Before of ACCA H Bit of ACCA to ACCA After
DAA (Bits 7-4) from CCR (Bits 3-0) by DAA DAA
(Column 1) (Column 2) (Col 3) (Col 4) (Column 5) (Column 6)
0 0-9 0 0-9 00 0
0 0-8 0 A-F 06 0
0 0-9 1 0-3 06 0
0 A-F 0 0-9 60 1
0 9-F 0 A-F 66 1
0 A-F 1 0-3 66 1
1 0-2 0 0-9 60 1
1 0-2 0 A-F 66 1
1 0-3 1 0-3 66 1

NOTE

Columns (1) through (4) of the above table represent all possible cases which can
result from any of the operations ABA, ADD, or ADC, with initial carry either set or
clear, applied to two binary-coded-decimal operands. The table shows hexadecimal
values.

Description:  If the contents of ACCA and the state of the carry/borrow bit C and the
state of the half-carry bit H are all the result of applying any of the operations ABA,
ADD, or ADC to binary-coded-decimal operands, with or without an initial carry, the
DAA operation will adjust the contents of ACCA and the carry bit C in the CCR to
represent the correct binary-coded-decimal sum and the correct state of the C bit.

Condition Codes and Boolean Formulae:

-1

=

N R7
Set if MSB of result is set; cleared otherwise.

Z R7-R6+R5°R4-R3°R2°R1°RO

Set if result is $00; cleared otherwise.
vV ?

Not defined

C See table above.

“TeTs ][]
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DAA Decimal Adjust ACCA DAA

(Continued)

Source Form: DAA
Addressing Modes, Machine Code, and Cycle-by-Cycle Execution:

DAA (INH)
Addr Data RW

1 oP 19 1
2 [OP+1 — 1

Cycle

For the purpose of illustration, consider the case where the BCD value $99 was just
added to the BCD value $22. The add instruction is a binary operation, which yields
the result $BB with no carry (C) or half carry (H). This corresponds to the fifth row of
the table on the previous page. The DAA instruction will therefore add the correction
factor $66 to the result of the addition, giving a result of $21 with the carry bit set.
This result corresponds to the BCD value $121, which is the expected BCD result.
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DEC

Operation:

Description:

DEC

Decrement

ACCX 4 (ACCX)—-$01 or: M ¢(M)-$01

Subtract one from the contents of ACCX or M.

The N, Z, and V bits in the CCR are set or cleared according to the results of the
operation. The C bit in the CCR is not affected by the operation, thus allowing the DEC
instruction to be used as a loop counter in multiple-precision computations.

When operating on unsigned values, only BEQ and BNE branches can be expected to
perform consistently. When operating on twos-complement values, all signed branches
are available.

Condition Codes and Boolean Formulae:

z v

s | s |

CT-T-T-Ts] ]

N R7
Set if MSB of result is set; cleared otherwise.

Z R7-R6+R5<R4+R3:R2+RT+R0
Set if result is $00; cleared otherwise
V X7+X6+X5+X4+X3+X2+X1+X0=R7+R6+R5+R4+R3+R2+R1+R0
Set if there was a twos complement overflow as a result of the operation; cleared

otherwise. Twos complement overflow occurs if and only if (ACCX) or (M) was
$80 before the operation.

Source Forms: DECA; DECB; DEC (opr)

Addressing Modes, Machine Code, and Cycle-vby-Cycle Execution:

Crele DECA (INH) DECB (INH) DEC (EXT) DEC (IND, X) DEC (IND, Y)

Yo' CAddr Data RW | Addr Data RW |Addr Data RW | Addr Data RW | Addr Data RW

1 OP  4A 1 OP  B5A 1 oP 7A 1 OP 6A 1 oP 18 1

2 loP+1 — 1 |oP+1  — 1 |OP+1 hh 1 |oP+1  ff 1 |OP+1 6A 1

3 OP+2 i 1 |FFFF  — 1 |oP+2  ff 1

4 hhil  (hhll) 1 | X+ff (X+ff) 1 |FFFF  — 1

5 FFFF  — 1 | FFFF  — 1| Y4HFE (Y+E) 1

6 hhll - result 0 | X+ff result 0 FFFF — 1

7 Y+ff result 0
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D ES Decrement Stack Pointer D ES

Operation: SP ¢ (SP)-$0001
Description:  Subtract one from the stack pointer.

Condition Codes and Boolean Formulae:
X H Z v c

s I N
- -T-JT-T-T-T-T-1

None affected

Source Form: DES

Addressing Modes, Machine Code, and Cycle-by-Cycle Execution:

DES (INH)
Cycle —
Addr Data RW
1 op 34 1
2 |0P+1 — 1
3 SP — 1
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D EX Decrement Index Register X D Ex

Operation: IX 4 (IX)—$0001
Description:  Subtract one from the index register X.
Only the Z bit is set or cleared according to the result of this operation.
Condition Codes and Boolean Formulae:
S X H I N z v C
[-l-J-[-T-Ts[-]-]

Set if result is $0000; cleared otherwise.
Source Form: DEX

Addressing Modes, Machine Code, and Cycle-by-Cycle Execution:

DEX (INH)
Cycle —
Addr Data RW
1 opP 09 1
2 |OP+1 — 1
3 |FFFF — 1
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DEY

Operation:

Description

Decrement Index Register Y DEY

1Y ¢ (1Y) —$0001

Subtract one from the index register Y.

Only the Z bit is set or cleared according to the result of this operation.

Condition Codes and Boolean Formulae:

- T-T-[-Tel-T-1

Set if result is $0000; cleared otherwise.

Source Form: DEY

Addressing Modes, Machine Code, and Cycle-by-Cycle Execution:

DEY (INH)
Cycle —
) Addr Data RW
1 oP 18 1
2 |OP+1 09 1
3 |OP+2 — 1
4 FFFF — 1
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EOR

Operation:

Description:

ACCX ¢ (ACCX) & (M)

Exclusive-OR

EOR

Performs the logical exclusive-OR between the contents of ACCX and the

contents of M and places the result in ACCX. (Each bit of ACCX after the operation
will be the logical exclusive-OR of the corresponding bits of M and ACCX before the

operation.)

Condition Codes and Boolean Formulae:

v c

- [-J-J-Ts[s[o]-]

Source Forms: EORA (opr); EORB (opr)

Set if MSB of result is set; cleared otherwise.
R7+-R6+R5+R4+-R3+R2+R1+R0
Set if result is $00; cleared otherwise

Addressing Modes, Machine Code, and Cycle-by-Cycle Execution:

Cvel EORA (EXT) EORA (IND, X) EORA (IND, Y)
cle — — —
v Addr Data R/W |Addr Data R/W |Addr Data RW
1 oP B8 1 OoP A8 1 oP 18 1
2 OP+1 hh 1 OP+1 ff 1 |OP+1 A8 1
3 oP+2 I 1 FFFF — 1 |OP+2 ff 1
4 hhil  (hhil) 1 | X+ff (X+ff) 1 FFFF — 1
5 Y+ff (Y+ff) 1
Cvol EORB (EXT) EORB (IND, X) EORB (IND, Y)
e — — —
v Addr Data R/W |Addr Data R/W |Addr Data RW
1 oP F8 1 oP E8 1 oP 18 1
2 OP+1  hh 1 |OP+1 ff 1 |OP+1 E8 1
3 oP+2 1l 1 FFFF — 1 [OP+2 ff 1
4 hhil  (hhll) 1| X+ff (X+ff) 1 FFFF — 1
5 Y+ff (Y+ff) 1
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FDIV Fractional Divide FDIV

Operation: (ACCD)/(IX); IX 4 Quotient, ACCD 4 Remainder

Description: Performs an usigned fractional divide of the 16-bit numerator in the D
accumulator by the 16-bit denominator in the index register X and sets the condition
codes accordingly. The quotient is placed in the index register X, and the remainder
is placed in the D accumulator. The radix point is assumed to be in the same place
for both the numerator and the denominator. The radix point is to the left of bit 15
for the quotient. The numerator is assumed to be less than the denominator. In the
case of overflow (denominator is less than or equal to the numerator) or divide by
zero, the quotient is set to $FFFF, and the remainder is indeterminate.

FDIV is equivalent to multiplying the numerator by 26 and then performing a 32 x 16-
bitinteger divide. The result is interpreted as a binary-weighted fraction, which resulted
from the division of a 16-bit integer by a larger 16-bit integer. A result of $0001
corresponds to 0.000015, and $FFFF corresponds to 0.99998. The remainder of an IDIV
instruction can be resolved into a binary-weighted fraction by an FDIV instruction. The
remainder of an FDIV instruction can be resolved into the next 16-bits of binary-
weighted fraction by another FDIV instruction.

Condition Codes and Boolean Formulae:
S X H | N z v c
-l -[-T-[-[s[s]s]
Z R15+R14:R13+R12+R11+R10+R9+R8+R7+R6+R5+R4+R3+R2+R1+R0
Set if quotient is $0000; cleared otherwise.

V 1ifIXsD
Set if denominator was less than or equal to the numerator; cleared otherwise.

C IX15+1X14«IX13+1X12+IX11 «IX10 + X9+ X8 «

IX7 «1X6 *IX5 ¢ [X4 ¢ [X3+1X2+1X1+IX0
Set if denominator was $0000; cleared otherwise.

Source Form: FDIV

Addressing Modes, Machine Code, and Cycle-by-Cycle Execution:

FDIV (INH)
Addr Data RW

1 | oP 03 1
2 |oP+1  — 1
3-41 | FFFF — 1

Cycle
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I DIV Integer Divide I D'V

Operation: (ACCD)/(1X); IX 4 Quotient, ACCD ¢ Remainder

Description:  Performs an unsigned integer divide of the 16-bit numerator in D accu-
mulator by the 16-bit denominator in index register X and sets the condition codes
accordingly. The quotient is placed in index register X, and the remainder is placed
in accumulator D. The radix point is assumed to be in the same place for both the
numerator and the denominator. The radix point is to the right of bit zero for the
quotient. In the case of divide by zero, the quotient is set to $FFFF, and the remainder
is indeterminate.

Condition Codes and Boolean Formulae:

s X H I N z v c

-l -T-T-J-Tefo]e]

Z R15+R14+R13+R12+R11+R10+R9+R8+R7+R6+R5+R4+R3+R2+RT1+R0
Set if result is $0000; cleared otherwise.

vV 0
Cleared.

C IXT5 + IXT4 + IXT3 « IXT2 « IXT « IXT0 + X3 + X -

IX7 ¢ IX6 ¢ IX5 *1X4 « X3 +1X2+1X1 X0
Set if denominator was $0000; cleared otherwise.

Source Form: DIV

Addressing Modes, Machine Code, and Cycle-by-Cycle Execution:

IDIV (INH)
Cycle —
Addr Data RW
1 oP 02 1
2 [OP+1 — 1
3-41 | FFFF — 1
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INC Increment INC

Operation: ACCX ¢ (ACCX)+$01 or: M ¢(M)+3$01
Description:  Add one to the contents of ACCX or M.

The N, Z, and V bits in the CCR are set or cleared according to the results of the
operation. The C bit in the CCR is not affected by the operation, thus allowing the INC
instruction to be used as a loop counter in multiple-precision computations.

When operating on unsigned values, only BEQ and BNE branches can be expected to
perform consistently. When operating on twos-complement values, all signed branches
are available.

Condition Codes and Boolean Formulae:

[T -Telslsl-]

N R7
Set if MSB of result is set; cleared otherwise.

Z R7-R6+R5+R4-R3<R2:R1-R0
Set if result is $00; cleared otherwise.
V X7+X6+X5+X4+X3+X2+X1+X0
Set if there is a twos complement overflow as a result of the operation; cleared

otherwise. Twos complement overflow occurs if and only if (ACCX) or (M) was
$7F before the operation.

Source Forms: INCA; INCB; INC (opr)

Addressing Modes, Machine Code, and Cycle-by-Cycle Execution:

Cvel INCA (INH) INCB (INH) INC (EXT) INC (IND, X) INC (IND, Y)

cle — — — — —

v Addr Data RW |Addr Data R/W |Addr Data R/W |Addr Data R/W |Addr Data R/W
1 oP 4C 1 oP 5C 1 OoP 7C 1 oP 6C 1 oP 18 1
2 OP+1 —_ 1 OP+1 - 1 OP+1 hh 1 OP+1 ff 1 OP+1 6C 1
3 OP+2 Il 1 FFFF — 1 |OP+2 ff 1
4 hhil  (hhll) 1 X+ff  (X+ff) 1 FFFF —_ 1
5 FFFF — 1 FFFF — 1 Y+ff (Y+ff) 1
6 hhil  result 0 | X+ff result 0 FFFF — 1
7 Y+ff result 0
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I NS Increment Stack Pointer

Operation: SP ¢ (SP) +$0001
Description:  Add one to the stack pointer.

Condition Codes and Boolean Formulae:
s X H I N z v c
(=T -T-T-T-T-T=-1T=-="]

None affected

Source Form: INS

Addressing Modes, Machine Code, and Cycle-by-Cycle Execution:

INS (INH)
Cycle —
Addr Data RW
1 OoP 31 1
2 |OP+1 — 1
3 SP — 1
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I NX Increment Index Register X INX

Operation: IX 4 (1X) +$0001
Description: ~ Add one to index register X.
Only the Z bit is set or cleared according to the result of this operation.

Condition Codes and Boolean Formulae:

ST T-T-T-Ts[-1-]

Set if result is $0000; cleared otherwise.

Source Form: [INX

Addressing Modes, Machine Code, and Cycle-by-Cycle Execution:

INX (INH)
Cycle —
Addr Data RW
1 oP 08 1
2 [OP+1 — 1
3 FFFF — 1
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IN

Operation:

Y

Description:

Only the Z bit is set or cleared according to the result of this operation.

Increment Index Register Y

1Y 4 (IY) +$0001

Add one to index register Y.

Condition Codes and Boolean Formulae:

s X __H 1Nz vV ¢
[ -l-T-[-T-[Te[-[-]

INY

Set if result is $0000; cleared otherwise.

Source Form:

Addressing Modes, Machine Code, and Cycle-by-Cycle Execution:

A-60

INY

INY (INH)
Cycle —
Addr Data RW
1 OP 18 1
2 (OP+1 08 1
3 |OP+2 — 1
4 FFFF  — 1
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JMP

Operation:

Description:

Condition Codes and Boolean Formulae:

S X

PC ¢ Effective Address

Jump

JMP

A jump occurs to the instruction stored at the effective address. The ef-
fective address is obtained according to the rules for EXTended or INDexed addressing.

N z

v C

=1 -

H |
T—T-1

— - [-T-]

None affe

Source Form:

Addressing Modes, Machine Code, and Cycle-by-Cycle Execution:

cted

JMP (opr)

Cvel JMP (EXT) JMP (IND, X) JMP (IND, Y)
cle — — —
Y®® 'addr Data RW |Addr Data RW | Addr Data RW
1 |op 7 1 |op 6 1 |OP 18 1
2 [OP+1 hh 1 [OP+1 ff 1 |oP+1 6E 1
3 [oP+2 1 |FFFF — 1 |oP+2 1
4 FFFF — 1
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JSR

Operation:

Description:

PC ¢ (PC) +$0003
PC 4 (PC)+$0002
«(PCL)
SP ¢4 (SP)—$0001
«(PCH)
SP 4 (SP)—$0001

Jump té Subroutine JSR

(for EXTended or INDexed, Y addressing) or:
(for DIRect or INDexed, X addressing)
Push low-order return address onto stack

Push high-order return address onto stack

PC ¢ Effective Addr Load start address of requested subroutine

The program counter is incremented by three or by two, depending on
the addressing mode, and is then pushed onto the stack, eight bits at a time, least
significant byte first. The stack pointer points to the next empty location in the stack.
A jump occurs to the instruction stored at the effective address. The effective address
is obtained according to the rules for EXTended, DIRect, or INDexed addressing.

Condition Codes and Boolean Formulae:

S

H

L= -1~

| N z v c
= = =

None affected

Source Form: JSR (opr)
Addressing Modes, Machine Code, and Cycle-by-Cycle Execution:
Cvel JSR (DIR) JSR (EXT) JSR (IND, X) JSR (IND, Y)
e — — — proey

v Addr Data R/W | Addr Data R/W | Addr Data R/W | Addr Data RW
1 9D 1 oP BD 1 op AD 1 op 18 1
2 | OP+1  dd 1 | OP+1  hh 1 | oP+1  f 1 | OP+1 .~ AD 1
3 00dd (00dd) 1 | OP+2 i 1 FFFF — 1 | OP+2  ff 1
4 Rtnlo 0 hhil  (hhil) 1 | X+ (X+f) 1 FFFF — 1
5 | SP-1 Rtnhi 0 SP  Rtnlo 0 SP Rtnlo 0 | Y+ff (Y+f) 1
6 SP-1 Rinhi 0 | SP-1 Rtnhi 0 SP Rtnio 0
7 SP-1 Rtnhi 0
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LDA

Operation:

Description:

ACCX ¢ (M)

Load Accumulator

LDA

Loads the contents of memory into the 8-bit accumulator. The condition
codes are set according to the data.

Condition Codes and Boolean Formulae:

S X

H | N

z

v c

(- -T-[-Tsls]o]-]

N R7

Set if MSB of result is set; cleared otherwise.
Z R7°R6+R5<R4-R3+R2+R1+R0

Set if result is $00; cleared otherwise
VvV 0

Cleared

Source Form:

LDAA (opr); LDAB (opr)

Addressing Modes, Machine Code, and Cycle-by-Cycle Execution:

MOTOROLA

cvel LDAA (IMM) LDAA (DIR) LDAA (EXT) LDAA (IND, X) LDAA (IND, Y)

e — — — — —
v Addr Data R/W |Addr Data R/W [Addr Data R/W |(Addr Data R/W |Addr Data RW
1 oP 86 1 op 96 1 op B6 1 OP A6 1 opP 18 1
2 |OP+1 i 1 |[OP+1 dd 1 |OP+1 hh - 1 |OP+1 ff 1 |OP+1 A6 1
3 0odd (00odd) 1 [OP+2 I 1 | FFFF — 1 |oP+2 ff 1
4 hhil  (hhil) 1 | X+ff (X+f) 1 |FFFF — 1
5 Y4+ (Y4 1

Crele LDAB (IMM) LDAB (DIR) LDAB (EXT) LDAB (IND, X) LDAB (IND, Y)
v Addr Data RW |Addr Data R/W |[Addr Data RW [Addr Data RW | Addr Data RW
1 OoP  C6 1 OP D6 1 oP F6 1 oP E6 1 opP 18 1
2 |OP+1 i 1 |OP+1  dd 1 |OP+1 hh 1 |oP+1  ff 1 |OP+1 E6 1
3 00dd (00dd) 1 [OP+2 i 1 | FFFF  — 1 |OP+2 ff 1
4 hhil  (hhil) 1 | X+ff (X+f) 1 | FFFF  — 1
5 Y+ff (Y+ff) 1
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LDD

Opeation:

Description:

Load Double Accumulator

ACCD ¢ (M:M +1); ACCA ¢ (M), ACCB ¢ (M +1)

LDD

Loads the contents of memory locations M and M+ 1 into the double
accumulator D. The condition codes are set according to the data. The information
from location M is loaded into accumulator A, and the information from location M +1
is loaded into accumulator B.

Condition Codes and Boolean Formulae:

N

z

ST T-1-1

s | s |

=]

N R15

Set if MSB of result is set; cleared otherwise.

z

Set if result is $0000; cleared otherwise.

V 0
Cleared

Source Form:

LDD (opr)

Addressing Modes, Machine Code, and Cycle-by-Cycle Execution:

| LDD (IMM) LDD (DIR) LDD (EXT) LDD (IND, X) LDD (IND, Y)
Crcle Addr Data RW Addr Data RW /| Addr Data RW /| Addr Data RW /| Addr Data RW
1 OP CC 1 oP DC 1| op FC 1 oP EC 1 oP 18 1
2 |OP+1 jj 1 OP+1 dd 1 |OP+1  hh 1 OP+1 f 1 oP+1 EC 1
3 |OP+2 kk 1 00dd  (00dd) 1 |[OP+2 i 1 FFFF - 1 OP+2 ff 1
4 00dd+1 (00dd+1) 1 | hhil  (hhll) 1 X+ff  (X+f) 1 FFFF - 1
5 hhil+1 (hhil+1) 1 | X+f+1 (X+ff+1) 1 Y+ (Y+ff) 1
6 Y+ff+1 (Y+f+1) 1
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LDS Load Stack Pointer LDS

Operation: SPH ¢ (M), SPL¢(M+1)

Description:  Loads the most significant byte of the stack pointer from the byte of mem-
ory at the address specified by the program, and loads the least significant byte of
the stack pointer from the next byte of memory at one plus the address specified by
the program.

Condition Codes and Boolean Formulae:
s X H | N z v c
- l-[-[-[s]e[o]-]

N R15
Set if MSB of result is set; cleared otherwise.

Z R15.R14+R13+R12+R11+R10*R9+R8+R7+R6+R5+R4+*R3+R2+R1-R0
Set if result is $0000; cleared otherwise.

V 0
Cleared

Source Form: LDS (opr)

Addressing Modes, Machine Code, and Cycle-by-Cycle Execution:

Cyeh LDS (IMM) LDS (DIR) LDS (EXT) LDS (IND, X) LDS (IND, Y)
e — — — — —
Addr Data RW Addr Data RW /| Addr Data RW/| Addr Data RW | Addr Data RW
1 OP  8E 1 opP 9E 1 oP BE 1 opP AE 1 opP 18 1
2 OP+1 jj 1 OP+1 dd 1 [OP+1 hh 1 OP+1 ff 1 OP+1 AE 1
3 OP+2 kk 1 00dd (00dd) 1 |OP+2 1 1 FFFF — 1 OP+2 ff 1
4 00dd+1 (00dd+1) 1 | -hhil (hhil) 1 X+ff (X+ff) 1 FFFF — 1
5 hhil+1 (hhil+1) 1 X+ff+1 (X+ff+1) 1 Y +ff (Y +ff) 1
6 Y+f+1 (Y+ff+1) 1
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LDX Load Index Register X LDX

Operation; IXH 4 (M), IXL 4 (M+1)

Description:  Loads the most significant byte of index register X from the byte of memory
at the address specified by the program, and loads the least significant byte of index
register X from the next byte of memory at one plus the address specified by the

program.

Condition Codes and Boolean Formulae:

s X H | N z v c
- [-1-T-JTslsf[o]-]
N R15
Set if MSB of result is set; cleared otherwise.
Z R15+R14+R13+R12+R11+R10+*R9+*R8+R7 *R6 *R5+*R4 +R3*R2*R1+R0O
Set if result is $0000; cleared otherwise.
vV o
Cleared

Source Form: LDX (opr)

Addressing Modes, Machine Code, and Cycle-by-Cycle Execution:

cvel LDX (IMM) LDX (DIR) LDX (EXT) LDX (IND, X) LDX (IND, Y)

Yo% "Addr Data RW | Addr Data RW | Addr Data RW | Addr Data RW | Addr Data RW
1 OP CE 1 oP DE 1 oP FE 1 oP EE 1 oP (o] 1
2 |OP+1 1 OP+1 dd 1 |OP+1  hh 1 OP+1 ff 1 OP+1 EE 1
3 |[OP+2 kk 1 00dd  (00dd) 1 |OP+2 1 1 FFFF — 1 OP+2 f# 1
4 00dd+1 (00dd+1) 1 | hhil  (hhil) 1 X+ff  (X+f) 1 FFFF — 1
5 hhll+1 (hhil+1) 1 X+ff+1 (X+ff+1) 1 Y+ff (Y +ff) 1
6 Y+f+1 (Y+H+1) 1
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LDY Load Index Register Y | LDY

Operation: IYH ¢ (M), IYL4¢(M+1)

Description:  Loads the most significant byte of index register Y from the byte of memory
at the address specified by the program, and loads the least significant byte of index
register Y from the next byte of memory at one plus the address specified by the

program.

Condition Codes and Boolean Formulae:
X H | N b4 v c

o= —Tslel -]

N R15
Set if MSB of result is set; cleared otherwise.

Set if result is $0000; cleared otherwise.

vV 0
Cleared

Source Form: LDY (opr)

Addressing Modes, Machine Code, and Cycle-by-Cycle Execution:

o LDY (IMM) LDY (DIR) LDY (EXT) LDY (IND, X) LDY (IND, Y)

Cycle Addr Data RW | Addr Data RW | Addr Data RW | Addr Data RW | Addr Data RW
1 oP 18 1 oP 18 1| op 18 1 oP 1A 1 oP 18 1
2 |[OoP+1 CE 1 OP+1 DE 1 [oP+1  FE 1 OP+1 EE 1 | oP+1 EE 1
3 {OP+2 jj 1 OP+2 dd 1 |OP+2  bh 1 OP+2 f 1 OP+2 ff 1
4 |OoP+3 kk 1 00dd  (00dd) 1 |OP+3 il 1 FFFF - 1 FFFF — 1
5 00dd+1 (00dd+1) 1 [ hhil  (hhi) 1 X+ (X+f) 1 Y+ (Y+H) 1
6 hhii+1 (hhil+1) 1 X+f+1 (X+ff+1) 1 Y+ff+1 (Y+ff+1) 1
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LSL LSL

Logical Shift Left
(Same as ASL)

Operation:

Description:  Shifts all bits of the ACCX or M one place to the left. Bit 0 is loaded with
zero. The C bit is loaded from the most significant bit of ACCX or M.

Condition Codes and Boolean Formulae:
s X H 1 N z v c

[—l-[-[-Ts[s[s[s]

N

R7

Set if MSB of result is set; cleared otherwise.

R7+R6+R5+R4+R3+R2+R1+R0

Set if result is $00; cleared otherwise.

N@® C=[N+C]+[N+C] (for N and C after the shift)

Set if (N is set and C is clear) or (N is clear and C is set); cleared otherwise (for
values of N and C after the shift).

M7
Set if, before the shift, the MSB of ACCX or M was set; cleared otherwise.

z

Source Forms: LSLA; LSLB; LSL (opr)

Addressing Modes, Machine Code, and Cycle-by-Cycle Execution:

Cvele LSLA (INH) LSLB (INH) LSL (EXT) LSL (IND, X) LSL (IND, Y)
V®® [Addr Data RW |Addr Data RW | Addr Data RW | Addr Data RW |Addr Data RW
1 OP 48 1 | op 58 1 |op 78 1 | op 68 1 {op 18 1
2 |oP+1 — 1 |oP+1 — 1 |OP+1 hh 1 |oP+1  # 1 |oP+1 68 1
3 oP+2 I 1 |FFFF  — 1 |OP+2 ff 1
4 hhil  (hhil) 1 | X+ff (X+f) 1 |FFFF — 1
5 FFFF  — 1 |FFFF  — 1| Y+ (Y+F) 1
6 hhil  result 0 | X+ff result 0 FFFF — 1
7 Y+ff result 0
A-68 M68HC11 REFERENCE MANUAL MOTOROLA



LS LD " Logical Shift Left Double LS LD

(Same as ASLD)
- -—
Operation: <——|b7 —————— b0|<——[b7 —————— b0|<———0
ACCA ACCB

Description:  Shifts all of ACCD one place to the left. Bit 0 is loaded with zero. The C bit
is loaded from the most significant bit of ACCD.

Condition Codes and Boolean Formulae:

N R15

Set if result is $0000; cleared otherwise.

V N®C=[N+C]+[N+C] (for N and C after the shift)
Set if (N is set and C is clear) or (N is clear and C is set); cleared otherwise (for
values of N and C after the shift).

C D15
Set if, before the shift, the MSB of ACCD was set; cleared otherwise.

Source Form: LSLD

Addressing Modes, Machine Code, and Cycle-by-Cycle Execution:

LSLD (INH)
Cycle —
Addr Data RW
1 OoP 05 1
2 (OP+1 — 1
3 FFFF  — 1
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LSR

Operation:

Description:

Logical Shift Right

LSR

Shifts all bits of ACCX or M one place to the right. Bit 7 is loaded with

zero. The C bit is loaded from the least significant bit of ACCX or M.

Condition Codes and Boolean Formulae:

Z

C-T-T-T

| s |

NES

N O
Cleared.

R7+R6+R5+R4+R3<R2+R1+R0

Set if result is $00; cleared otherwise.

Mo

N®C=[N-C]+[N-C]
Since N =0, this simplifies to C (after the shift).

(for N and C after the shift)

Set if, before the shift, the LSB of ACCX or M was set; cleared otherwise.

Source Forms: LSRA; LSRB; LSR (opr)

Addressing Modes, Machine Code, and Cycle-by-Cycle Execution:

Cvol LSRA (INH) LSRB (INH) LSR (EXT) LSR (IND, X) LSR (IND, Y)
cle — — — — —
v Addr Data R/W |Addr Data R/W |[Addr Data R Addr Data RW |Addr Data RW
1 oP 44 1 oP 54 1 oP 74 1 oP 64 1 OoP 18 1
2 |OP+1 — 1 |OP+1 — 1 |OP+1 hh 1 [OP+1 ff 1 |OP+1 64 1
3 OoP+2 1l 1 FFFF  — 1 |OP+2 ff 1
4 hhil  (hhll) 1 | X+ff (X+ff) 1 |FFFF — 1
5 FFFF —_ 1 FFFF - 1 Y+ff (Y+ff) 1
6 hhll  resuit 0 | X+ff result 0 | FFFF — 1
7 Y+ff result 0
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LSRD Logical Shift Right Double Accumulator LSRD

Operation: 0——->ib7 —————— b0|~——>lb7 —————— b0‘—>l c ]

Description:  Shifts all bits of ACCD one place to the right. Bit 15 (MSB of ACCA) is
loaded with zero. The C bit is loaded from the least significant bit of ACCD (LSB of
ACCB).

Condition Codes and Boolean Formulae:

S [=[-sTelsls]

N O
Cleared
Set if result‘is $0000; cleared otherwise.

vV DO
Set if, after the shift operaton, C is set; cleared otherwise.

C DO
Set if, before the shift, the least significant bit of ACCD was set; cleared otherwise.

Source Form: LSRD

Addressing Modes, Machine Code, and Cycle-by-Cycle Execution:

LSRD (INH)
Cycle —
Addr Data R/W
1 oP 04 1
2 OP+1 — 1
3 FFFF — 1
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MUL
Operation:

Description:

Multiply Unsigned

ACCD ¢ (ACCA) x (ACCB)

MUL

Multiplies the 8-bit unsigned binary value in accumulator A by the 8-bit

unsigned binary value in accumulator B to obtain a 16-bit unsigned result in the double
accumulator D. Unsigned multiply allows multiple-precision operations. The carry flag
allows rounding the most significant byte of the result through the sequence: MUL,
ADCA #0.

Condition Codes and Boolean Formulae:

N z v c

l

[ -[-[-]s ]

C R7

Set if bit 7 of the result (ACCB bit 7) is set; cleared otherwise.

Source Form: MUL

Addressing Modes, Machine Code, and Cycle-by-Cycle Execution:

Cycle

MUL (INH)

Addr Data

RW

1
2
3-10

OoP 3D
OoP+1 —
FFFF —

1
1
1
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N EG Negate N EG

Operation: (ACCX) 4 —(ACCX)=%$00—(ACCX) or: (M)4 —(M)=$00-(M)

Description: Replaces the contents of ACCX or M with its twos complement; the value
$80 is left unchanged.

Condition Codes and Boolean Formulae:

S T-T-T-Tslslsls]

N R7
Set if MSB of result is set; cleared otherwise.

Set if result is $00; cleared otherwise.

V R7<R6-R5:R4.R3+R2+R71+R0
Set if there is a twos complement overflow from the implied subtraction from
zero; cleared otherwise. A twos complement overflow will occur if and only if the

contents of ACCX or M is $80.

C R7+R6+R5+R4+R3+R2+R1+R0
Set if there is a borrow in the implied subtraction from zero; cleared otherwise.
The C bit will be set in all cases except when the contents of ACCX or M is $00.

Source Forms: NEGA; NEGB; NEG (opr)

Addressing Modes, Machine Code, and Cycle-by-Cycle Execution:

Cyel NEGA (INH) NEGB (INH) NEG (EXT) NEG (IND, X) NEG (IND, Y)
e — — — — —
v Addr Data R/W [Addr Data R/W |[Addr Data R/W |Addr Data R/W |Addr Data RW
1 OP 40 1 oP 50 1 oP 70 1 OP 60 1 oP 18 1
2 |OP+1 — 1 |[OP+1 — 1 |OP+1 hh 1 |OP+1 ff 1 |OP+1 60 1
3 OP+2 ] 1 FFFF — 1 |OP+2 ff 1
4 hhil  (hhil) 1 X+ff (X+ff) 1 FFFF — 1
5 FFFF — 1 FFFF — 1 | Y+ff (Y+f) 1
6 hhil  result 0 [ X+ff result 0 FFFF — 1
7 Y+ff result 0
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NOP

Description:
be incremented. No other registers are affected. This instruction is typically used to
produce a time delay although some software disciplines discourage CPU frequency-
based time delays. During debug, NOP instructions are sometimes used to temporarily
replace other machine code instructions, thus disabling the replaced instruction(s).

No Operation

Condition Codes and Boolean Formulae:

S

X

N z v C

L=1-

T=T=1

-l -1-1-]

None affected

Source Form: NOP

Addressing Modes, Machine Code, and Cycle-by-Cycle Execution:

Cycle

NOP (INH)

Addr

Data

RW

1
2

oP
OP+1

01

1
1
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0 RA . Inclusive-OR O RA

Operation: ACCX ¢ (ACCX) +(M)

Description:  Performs the logical inclusive-OR between the contents of ACCX and the
contents of M and places the result in ACCX. (Each bit of ACCX after the operation
will be the logical inclusive-OR of the corresponding bits of M and of ACCX before
the operation.)

Condition Codes and Boolean Formulae:
s X H I N z v c
-l -[-1-JTslefo]-]|

N R7
Set if MSB of result is set; cleared otherwise.

Z R7°R6+R5¢R4+-R3+R2+R1+R0
Set if result is $00; cleared otherwise

vV o
Cleared

Source Forms: ORAA (opr); ORAB (opr)

Addressing Modes, Machine Code, and Cycle-by-Cycle Execution:

Cvel ORAA (IMM) ORAA (DIR) ORAA (EXT) ORAA (IND, X) ORAA (IND, Y)
cle — — — — —
v Addr Data RW (Addr Data R/W |Addr Data R/W | Addr Data R/W | Addr Data RW
1 OoP 8A 1 oP 9A 1 oP BA 1 OoP AA 1 OoP 18 1
2 |OP+1 ii 1 |OP+1 dd 1 |[OP+1 hh 1 |OP+1 ff 1 |OP+1 AA 1
3 00dd (00dd) 1 |[OP+2 I 1 FFFF — 1 |OP+2 ff 1
4 hhil  (hhll) 1 | X+ff (X+ff) 1 FFFF — 1
5 Y+ (Y+f) 1
Cvel ORAB (IMM) ORAB (DIR) ORAB (EXT) ORAB (IND, X) ORAB (IND, Y)
cle — — — — —
v Addr Data R/W |Addr Data R/W [Addr Data R/W |Addr Data R/W | Addr Data RW
1 oP CA 1 oP DA 1 oP FA 1 oP EA 1 oP 18 1
2 |OP+1 ii 1 |OP+1 dd 1 [OP+1 bhh 1 |OP+1 ff 1 |OP+1 EA 1
3 00dd (00dd) 1 |[OP+2 Il 1 FFFF — 1 |[OP+2 ff 1
4 hhit  (hhli) 1 X+ff (X+ff) 1 FFFF — 1
5 Y+ (Y+ff) 1
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PSH

Operation:

Push Data onto Stack

+ACCX, SP ¢ (SP)—$0001

Description:
the stack pointer. The stack pointer is then decremented.

PSH

The contents of ACCX are stored on the stack at the address contained in

Push instructions are commonly used to save the contents of one or more CPU reg-
isters at the start of a subroutine. Just before returning from the subroutine, corre-
sponding pull instructions are used to restore the saved CPU registers so the subroutine

will appear not to have affected these registers.

Condition Codes and Boolean Formulae:

None affected

Source Forms: PSHA; PSHB

Addressing Modes, Machine Code, and Cycle-by-Cycle Execution:

Cvele PSHA (INH) PSHB (INH)

c — p—
4 Addr Data R/W |Addr Data RW
1 oP 36 1 oP 37 1
2 |OP+1 — 1 |OP+1 — 1
3 SP (A) 0 SP (B) 0
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PSHX Push Index Reéister X onto Stack PS HX

Operation: «(IXL), SP 4 (SP)-$0001
= (IXH), SP ¢ (SP)—$0001

Description:  The contents of the index register X are pushed onto the stack (low-order
byte first) at the address contained in the stack pointer. The stack pointer is then
decremented by two.

Push instructions are commonly used to save the contents of one or more CPU reg-
isters at the start of a subroutine. Just before returning from the subroutine, corre-
sponding pull instructions are used to restore the saved CPU registers so the subroutine
will appear not to have affected these registers.

Condition Codes and Boolean Formulae:

H | N

S X z
=l-T-T-T-T-T-7T=1

None affected

Source Form: PSHX

Addressing Modes, Machine Code, and Cycle-by-Cycle Execution:

PSHX (INH)
Cycle —
Addr Data RW
1 oP 3C 1
2 |OP+1 — 1
3 SP  (IXL) 0
4 [SP-1 (IXH) 0
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PSHY

Operation:

Description:

Push Index Register Y onto Stack

«(IYL), SP 4 (SP)—$0001
=(IYH), SP ¢4 (SP) —$0001

PSHY

The contents of the index register Y are pushed onto the stack (low-order

byte first) at the address contained in the stack pointer. The stack pointer is then
decremented by two.

Push instructions are commonly used to save the contents of one or more CPU reg-
isters at the start of a subroutine. Just before returning from the subroutine, corre-
sponding pull instructions are used to restore the saved CPU registers so the subroutine
will appear not to have affected these registers.

Condition Codes and Boolean Formulae:

N z \ c

S X H
-]

i N

None affected

Source Form: PSHY

Addressing Modes, Machine Code, and Cycle-by-Cycle Execution:

PSHY (INH)

Cycle —
Addr Data RW

1 opP 18 1

2 |OP+1 3C 1

3 |OP+2 — 1

4 SP (IYL) 0

5 ISP-1 (IYH) 0
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P U L Pull .Data from Stack P U L

Operation: SP ¢ (SP)+$0001, «(ACCX)

Description:  The stack pointer is incremented. The ACCX is then loaded from the stack
at the address contained in the stack pointer.

Push instructions are commonly used to save the contents of one or more CPU reg-
isters at the start of a subroutine. Just before returning from the subroutine, corre-
sponding pull instructions are used to restore the saved CPU registers so the subroutine
will appear not to have affected these registers.

Condition Codes and Boolean Formulae:

S X
l=l=-T-T-T-1T-T-7T-

None affected

Source Forms: PULA; PULB

Addressing Modes, Machine Code, and Cycle-by-Cycle Execution:

Cyet PULA (INH) PULB (INH)
e — —
v Addr Data R/W |Addr Data RW
1 opP 32 1 oP 33 1
2 |OP+1 — 1 |OP+1 — 1
3 SP — 1 SP — 1
4 |SP+1 getA 1 |SP+1 getB 1
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PULX

Operation:

Description:

Pull Index Register X from Stack

SP 4 (SP) +$0001; =(IXH)
SP 4 (SP)+$0001; =(IXL)

PULX

The index register X is pulled from the stack (high-order byte first), begin-

ning at the address contained in the stack pointer plus one. The stack pointer is
incremented by two in total.

Push instructions are commonly used to save the contents of one or more CPU reg-
isters at the start of a subroutine. Just before returning from the subroutine, corre-
sponding pull instructions are used to restore the saved CPU registers so the subroutine
will appear not to have affected these registers.

Condition Codes and Boolean Formulae:

S

X H

(= -T-T-1T-

N z
| —

=T

None affected

Source Form: PULX

Addressing Modes, Machine Code, and Cycle-by-Cycle Execution:

Cycle

PULX (INH)

Addr Data

RW

D WN =

OP 38
OoP+1 —

SP —
SP+1 get IXH
SP+2 get IXL
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PU LY Pull Index Register Y from Stack PU LY

Operation: SP ¢ (SP)+$0001; «(IYH)
SP ¢4 (SP) +$0001; =(IYL)

Description:  The index register Y is pulled from the stack (high-order byte first) begin-
ning at the address contained in the stack pointer plus one. The stack pointer is
incremented by two in total.

Push instructions are commonly used to save the contents of one or more CPU reg-
isters at the start of a subroutine. Just before returning from the subroutine, corre-
sponding pull instructions are used to restore the saved CPU registers so the subroutine
will appear not to have affected these registers.

Condition Codes and Boolean Formulae:

X H z \ c

S | N
=1 -1T-T-]T-T-T-7T=1

None affected

Source Form: PULY

Addressing Modes, Machine Code, and Cycle-by-Cycle Execution:

PULY (INH)
Addr Data RW

1

1

1

1

1

1

Cycle

oP 18
OP+1 38
OP+2 —

SP —
SP+1 getIYH
SP+2 getlYL

DB WN =
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ROL ROL

Rotate Left
Operation: | C |<—[b7---—-- bo|<—]| C |
Description:  Shifts all bits of ACCX or M one place to the left. Bit 0 is loaded from the

C bit. The C bit is loaded from the most significant bit of ACCX or M. The rotate
operations include the carry bit to allow extension of the shift and rotate operations
to multiple bytes. For example, to shift a 24-bit vaue left one bit, the sequence ASL
LOW, ROL MID, ROL HIGH could be used where LOW, MID, and HIGH refer to the low-
order, middle, and high-order bytes of the 24-bit value, respectively.

Condition Codes and Boolean Formulae:
s X H | N
-l -[-[-T=]

N R7
Set if MSB of result is set; cleared otherwise.

Z R7+R6°R5¢R4°R3°R2+-R1°R0O
Set if result is $00; cleared otherwise.
V N@C=[N+C]+[N-C] (for N and C after the rotate)
Set if (N is set and C is clear) or (N is clear and C is set); cleared otherwise (for
values of N and C after the rotate).
Cc M7
Set if, before the rotate, the MSB of ACCX or M was set; cleared otherwise.

s e+

Source Forms: ROLA; ROLB; ROL (opr)

Addressing Modes, Machine Code, and Cycle-by-Cycle Execution:

Cyel ROLA (INH) ROLB (INH) ROL (EXT) ROL (IND, X) ROL (IND, Y)
cle — — — — —
v Addr Data R/W |Addr Data R/W |Addr Data R/W |[Addr Data R/W |Addr Data RW
1 oP 49 oP 59 1 OoP 79 1 OP 69 1 opP 18 1
2 |OP+1 — OP+1 — 1 |OP+1 hh 1 |OP+1 ff 1 |OP+1 69 1
3 OP+2 ] 1 FFFF — 1 |OP+2 ff 1
4 hhit  (hhll) 1 X+ff (X+ff) 1 FFFF — 1
5 FFFF — 1 FFFF — 1 Y+ff (Y +ff) 1
6 hhil  result 0 X+ff  result 0 FFFF — 1
7 Y +ff result 0
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RO R Rotate Right RO R

Operation: | C I—» fb7 —————— b0|—>| C I

Description:  Shift all bits of ACCX or M one place to the right. Bit 7 is loaded from the
C bit. The C bit is loaded from the least significant bit of ACCX or M. The rotate
operations include the carry bit to allow extension of the shift and rotate operations
to multiple bytes. For example, to shift a 24-bit value right one bit, the sequence LSR
HIGH, ROR MID, ROR LOW could be used where LOW, MID, and HIGH refer to the low-
order, middle, and high-order bytes of the 24-bit value, respectively. The first LSR could
be replaced by ASR to maintain the original value of the sign bit (MSB of high-order
byte) of the 24-bit value.

Condi_tion Codes and Boolean Formulae:

T T-T-Tsl[slels]

N R7
Set if MSB of result is set; cleared otherwise.

Z R7°R6°R5+R4+R3<R2+R1+R0
Set if result is $00; cleared otherwise.

V N®C=[N+C]+[N+C] (for N and C after the rotate)
Set if (N is set and C is clear) or (N is clear and C is set); cleared otherwise (for
values of N and C after the rotate).

C MO
Set if, before the rotate, the LSB of ACCX or M was set; cleared otherwise.

Source Forms: RORA; RORB; ROR (opr)

Addressing Modes, Machine Code, and Cycle-by-Cycle Execution:

Cvel RORA (INH) RORB (INH) ROR (EXT) ROR (IND, X) ROR (IND, Y)

cle — — — — —

v Addr Data R/W |[Addr Data R/W |Addr Data R/W |Addr Data R/W |Addr Data RW
1 OoP 46 1 oP 56 1 OoP 76 1 OoP 66 1 oP 18 1
2 |OP+1 — 1 |OP+1 — 1 |OP+1 hh 1 |OP+1 ff 1 |OP+1 66 1
3 OP+2 Il 1 FFFF — 1 |OP+2 f 1
4 hhil  (hhil) 1 X+ff (X+ff) 1 FFFF — 1
5 FFFF — 1 FFFF — 1 Y+ff (Y +ff) 1
6 hhil  result 0 [ X+ff result 0 FFFF — 1
7 Y+ff resuit 0
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RTI Return from Interrupt RTI

Operation: SP ¢ (SP)+$0001, »(CCR)
SP ¢ (SP)+$0001, «(ACCB)
SP ¢ (SP)+$0001, =(ACCA)
SP ¢ (SP) +$0001, & (IXH)
SP ¢ (SP)+$0001, & (IXL)
SP ¢ (SP) +$0001, a(1YH)
SP 4 (SP)+$0001, =(IYL)
SP ¢ (SP)+$0001, = (PCH)
SP ¢ (SP)+$0001, «(PCL)

Description:  The condition code, accumulators B and A, index registers X and Y, and
the program counter will be restored to a state pulled from the stack. The X bit in the
CCR may be cleared as a result of an RTI instruction but may not be set if it was
cleared prior to execution of the RTI instruction.

Condition Codes and Boolean Formulae:

S X \ C

o[- [e s ssels]

Condition code bits take on the value of the corresponding bit of the unstacked CCR except
that the X bit may not change from a zero to a one. Software can leave X set, leave X clear,
or change X from one to zero. The XIRQ interrupt mask can only become set as a RESET
of a reset or recognition of an XIRQ interrupt.

Source Form: RTI

Addressing Modes, Machine Code, and Cycle-by-Cycle Execution:

RTI (INH)
Addr Data RW

oP 3B 1

OP+1 — 1
SP — 1

SP+1 getCC 1
SP+2 getB 1
SP+3 getA 1
SP+4 getIXH 1
1

1

1

1

1

Cycle

WONOOCTHAWN =

SP+5 get IXL
SP+6 get IXH
SP+7 get IXL
SP+8 Rtn hi
SP+9 Rtnlo

-
N = O
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RTS Return from Subroutine RTS

Operation: SP ¢ (SP)+$0001, & (PCH)
SP ¢ (SP)+$0001, «(PCL)

Description:  The stack pointer is incremented by one. The contents of the byte of mem-
ory, at the address now contained in the stack pointer, are loaded into the high-order
eight bits of the program counter. The stack pointer is again incremented by one. The
contents of the byte of memory, at the address now contained in the stack pointer,
are loaded into the low-order eight bits of the program counter.

Condition Codes and Boolean Formulae:

X H [ N z v C

S
[CT-T-T-T-T-T-T—]

None affected

Source Form: RTS

Addressing Modes, Machine Code, and Cycle-by-Cycle Execution:

RTS (INH)
Addr Data RW
1
1
1
1
1

Cycle

OoP 39
OP+1 —

SP —
SP+1 Rtn hi
SP+2 Rtnlo

DHEWN =
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S BA Subtract Accumulators S BA

Operation: ACCA ¢ (ACCA)-(ACCB)

Description:  Subtracts the contents of ACCB from the contents of ACCA and places the
result in ACCA. The contents of ACCB are not affected. For subtract instructions, the
C bit in the CCR represents a borrow.

Condition Codes and Boolean Formulae:
s X H I N z v c

[-[-[-T-Tslsls]s|

N R7
Set if MSB of result is set; cleared otherwise.

Z R7+-R6°R5-R4-R3+R2+R1-R0
Set if result is $00; cleared otherwise.
V A7B7:R7+A7+B7+R7
Set if a twos complement overflow resulted from the operation; cleared otherwise.
C A7.B7+B7+R7+R7+A7
Set if the absolute value of ACCB is larger than the absolute value of ACCA;
cleared otherwise.

Source Form: SBA

Addressing Modes, Machine Code, and Cycle-by-Cycle Execution:

SBA (INH)
Addr Data RW

1 OP 10 1
2 |OP+1 — 1

Cycle
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S BC Subtract with Carry S BC

Operation: ACCX 4 (ACCX) - (M)—(C)

Description:  Subtracts the contents of M and the contents of C from the contents of
ACCX and places the result in ACCX. For subtract instructions the C bit in the CCR

represents a borrow.

Condition Codes and Boolean Formulae:

S X H

- [—[-Telslsls]

N R7
Set if MSB of result is set; cleared otherwise.

Z R7-R6+-R5+R4-R3-R2-R1+R0O
Set if result is $00; cleared otherwise.
V X7+M7+R7+X7+M7+R7
Set if atwos complement overflow resulted from the operation; cleared otherwise.

C X7+M7+M7+R7+R7+X7
Set if the absolute value of the contents of memory plus previous carry is larger
than the absolute value of the accumulator; cleared otherwise.

Source Forms: SBCA (opr); SBCB (opr)

Addressing Modes, Machine Code, and Cycle-by-Cycle Execution:

Crele SBCA (IMM) SBCA (DIR) SBCA (EXT) SBCA (IND, X) SBCA (IND, Y)

Y?%® "Addr Data RW |Addr Data RW | Addr Data RW |Addr Data RW | Addr Data RW
1 oP 82 1 | oP 92 1 | op B2 1 | oP A2 1 | op 18 1

2 |OP+1 i 1 [OP+1 dd 1 [OP+1 hh 1 [OP+1  ff 1 |OP+1 A2 1
3 00dd (00dd) 1 [OP+2 I 1 | FFFF  — 1 |oP+2 ff 1
4 hhil  (hhll) 1 [ X+ff (X+ff) 1 | FFFF  — 1
5 Y+ (Y+f) 1
Cvele SBCB (IMM) SBCB (DIR) SBCB (EXT) SBCB (IND, X) SBCB (IND, Y)

Ve® "Addr Data RW |Addr Data RW | Addr Data RW |Addr Data RW | Addr Data RW
1 oP (2 1 | OP D2 1 |opr  F2 1 | oP  E2 1 | op 18 1
2 |OP+1 i 1 |oP+1 dd 1 |OP+1 hh 1 [OP+1 1 |oP+1 E2 1
3 00dd (00dd) 1 [OP+2 I 1 | FFFF — 1 |oP+2 ff 1
4 hhll  (hhi) 1 | X+ff (X+f) 1 |FFFF  — 1
5 Y+ (Y4 1
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S EC Set Carry‘ S EC

Operation: Chit¢1
Description:  Sets the C bit in the CCR.

Condition Codes and Boolean Formulae:
X H z v c

S | N
[ I-T-T-T-T-T-T+]

cC 1
Set

Source Form: SEC

Addressing Modes, Machine Code, and Cycle-by-Cycle Execution:

SEC (INH)
Addr Data RW

1 OP 0D 1
2 |OP+1 — 1

Cycle
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S El Set Interrupt Mask S E I

Operation: | bitq1

Description:  Sets the interrupt mask bit in the CCR. When the | bit is set, all maskable
interrupts are inhibited, and the MPU will recognize only non-maskable interrupt sources
or an SWI.

Condition Codes and Boolean Formulae:
s X H A v c

R R I B ) N

1
Set

Source Form: SE|

Addressing Modes, Machine Code, and Cycle-by-Cycle Execution:

SEl (INH)
Addr Data RW

1 opP OF 1
2 |OP+1 — 1

Cycle
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SEV | Set Twos Complement Overflow Bit SEV

Operation: V bit¢1
Description:  Sets the twos complement overflow bit in the CCR.

Condition Codes and Boolean Formulae:
X H | N v c

S z
=1 -J-[-]-1T-T1]-]

vV 1
Set

Source Form: SEV

Addressing Modes, Machine Code, and Cycle-by-Cycle Execution:

SEV (INH)
Addr Data RW

1 oP 0B 1
2 [OP+1 — 1

Cycle
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STA Store Accumulator STA

Operation: M ¢ (ACCX)

Description:  Stores the contents of ACCX in memory. The contents of ACCX remains
unchanged.

Condition Codes and Boolean Formulae:
s X H ] N z v c

(-l -1-T-Jsfsfo]-] *

N X7
Set if MSB of result is set; cleared otherwise.

Z X7+X6+X5¢X4+X3+X2+X1+X0
Set if resultis $00; cleared otherwise.

V 0
Cleared

Source Forms: STAA (opr); STAB (opr)

Addressing Modes, Machine Code, and Cycle-by-Cycle Execution:

Cycle STAA (DIR) STAA (EXT) STAA (IND, X) STAA (IND, Y)
Addr Data RW | Addr Data RW | Addr Data RW | Addr Data RW
1 opP 97 1 oP B7 1 oP A7 1 oP 18 1
2 OP+1 dd 1 OP+1 hh 1 | OP+1 f 1 OP+1 A7 1
3 00dd (A) 0 | oP+2 1 1 FFFF — 1 OP+2 ff 1
4 hhil (A) 0 X+ff (A) 0 FFFF — 1
5 Y +ff (A) 0
Cvel STAB (DIR) STAB (EXT) STAB (IND, X) STAB (IND, Y)
Ve® "Addr Data RW | Addr Data RW | Addr Data RW | Addr Data RW
1 oP D7 1 oP F7 1 oP E7 1 oP 18 1
2 OP+1 dd 1 OP+1 hh 1 | OP+1 f 1 OP+1 E7 1
3 00dd (B) 0 | OP+2 I 1 FFFF - 1 OP+2 ff 1
4 hhil (B) 0 X+ ff (B) 0 FFFF — 1
5 Y +ff (B) 0
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STD

Operation:

Description:

Store Double Accumulator

M:M+1 4 (ACCD); M ¢ (ACCA), M+1 ¢ (ACCB)

Condition Codes and Boolean Formulae:

H

N z v

=T

—|-Jsls]o]- |

N D15
Set if MSB of result is set; cleared otherwise.

Set if result is $0000; cleared otherwise.

vV o

Cleared

Source Form: STD (opr)

STD

Stores the contents of double accumulator ACCD in memory. The contents
of ACCD remain unchanged.

Z D15+D14+D13+D12+D11+D10-D9+D8+D7 +D6+D5+ D4 - D3+ D2+ D1+ DO

Addressing Modes, Machine Code, and Cycle-by-Cycle Execution:

A-92

v STD (DIR) STD (EXT) STD (IND, X) STD (IND, Y)
Cl — — — —
Yo ["Addr Data RW | Addr Data RW | Addr Data RW | Addr Data RW
1 oo oo 1| oo Ff 1] oo E 1| o 18 1
2 | OoP+1 dd 1 | OP+1 hh 1 |OP+1 H 1 | OP+1 ED 1
3 | oodd (A o |op+2 w1 | FFFFE — 1 |oP+2 # 1
4 |00dd+1 (B o | hI (A 0 | X+f (A 0 | FFFF  — 1
5 hhll+1 (B) 0 |X+ff+1 (B) 0 Y+ff (A) 0
6 Y+ff+1  (B) 0
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STO P Stop Processing STO P

Description:  If the S bit in the CCR is set, then the STOP instruction is disabled and
operates like the NOP instruction. If the S bit in the CCR is clear, the STOP instruction
causes all system clocks to halt, and the system is placed in a minimum-power standby
mode. All CPU registers remain unchanged. /O pins also remain unaffected.

Recovery from STOP may be accomplished by RESET, XIRQ, or an unmasked IRQ.
When recovering from STOP with XIRQ, if the X bit in the CCR is clear, execution will
resume with the stacking operations for the XIRQ interrupt. If the X bit in the CCR is
set, masking XIRQ interrupts, execution will resume with the opcode fetch for the
instruction which follows the STOP instruction (continue).

An error in some mask sets of the M68HC11 caused incorrect recover from STOP under
very specific unusual conditions. If the opcode of the instruction before the STOP
instruction came from column 4 or 5 of the opcode map, the STOP instruction was
incorrectly interpreted as a two-byte instruction. A simple way to avoid this potential
problem is to put a NOP instruction (which is a column 0 opcode) immediately before
any STOP instruction.

Condition Codes and Boolean Formulae:
c

S X H [ N JA \
=l -T-T=-T=-1T-1T=-7T=1

None affected

Source Form: STOP

Addressing Modes, Machine Code, and Cycle-by-Cycle Execution:

STOP (INH)
Cycle —
Addr Data RW
1 oP CF 1
2 OP+1 — 1
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STS

Operation:

Description:

Store Stack Pointer

M 4 (SPH), M+1 4 (SPL)

STS

Stores the most significant byte of the stack pointer in memory at the

address specified by the program and stores the least significant byte of the stack
pointer at the next location in memory, at one plus the address specified by the

program.

Condition Codes and Boolean Formulae:

z v

c

- -1-Tx]

s |

N SP15

Set if MSB of result is set; cleared otherwise.
Z SP15.5P14+SP13+SP12+5SP11+SP10+SP9+SP8«

Set if result is $0000; cleared otherwise.

V 0
Cleared

Source Form: STS (opr)

Addressing Modes, Machine Code, and Cycle-by-Cycle Execution:

Crele STS (DIR) STS (EXT) STS (IND, X) STS (IND, Y)
v Addr Data RW | Addr Data RW | Addr Data RW | Addr Data RW
1 oP 9F 1 OP BF 1 oP AF 1 oP 18 1
2 OP+1  dd 1 | OP+1 hh 1 | oP+1 ff 1 | OP+1  AF 1
3 00dd (SPH) 0 | OP+2 I 1 FFFF — 1 | oP+2 i 1
4 |oodd+1 (SPL) 0 hhil  (SPH) 0 X+ff  (SPH) 0 FFFF - 1
5 hhll+1  (SPL) 0 |X+ff+1 (SPL) 0 Y+ff  (SPH) 0
6 Y+ff+1 (SPL) 0
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STX Store Index Register X STX

Operation: M ¢ (IXH), M+1 4 (IXL)

Description:  Stores the most significant byte of index register X in memory at the
address specified by the program and stores the least significant byte of index register
X at the next location in memory, at one plus the address specified by the program.

Condition Codes and Boolean Formulae:

- T-Tslslc -]

N X156
Set if MSB of result is set; cleared otherwise.

2 IXT5 - XT4 « IXT3 + IXT2 + IXT1 + IXT0 + XS - IX8 -

IX7 ¢ IX6 ¢ IX5 ¢ [X4 + IX3 ¢ [X2 « X1+ IX0
Set if result is $0000; cleared otherwise.

V o
Cleared

Source Form: STX (opr)

Addressing Modes, Machine Code, and Cycle-by-Cycle Execution:

Cvel STX (DIR) STX (EXT) STX (IND, X) STX (IND, Y)

cle — — — —

v Addr Data R/W | Addr Data R/W | Addr Data R/W | Addr Data RW
1 oP DF 1 oP FF 1 oP EF 1 oP CcD 1
2 OP+1 dd 1 OP+1 hh 1 OP+1 ff 1 OP+1 EF 1
3 00dd (IXH) 0 OP+2 I 1 FFFF — 1 OP+2 ff 1
4 |oodd+1 (IXL) 0 hhil (IXH) 0 X+ff  (IXH) 0 FFFF — 1
5 hhil+1  (IXL) 0 | X+ff+1  (IXL) 0 Y +ff (IXH) 0
[ Y+ff+1  (IXL) 0
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STY

Operation:

STY

Store Index Register Y

M ¢« (IYH), M+1 4 (IYL)

Description:  Stores the most significant byte of index register Y in memory at the
address specified by the program and stores the least significant byte of index register
Y at the next location in memory, at one plus the address specified by the program.

Condition Codes and Boolean Formulae:

- -T-Tsls+]

N 1Y15
Set if MSB of result is set; cleared otherwise.

Z IY15.1Y141V73+1Y12 - V71 - IY10+ VS - V8 -

IY7+1Y6 2 1Y5+1Y4+1Y3+1Y2]Y1-1YD
Set if result is $0000; cleared otherwise.

V 0
Cleared

v oc
o | - |

Source Form: STY (opr)

Addressing Modes, Machine Code, and Cycle-by-Cycle Execution:

cvel STY (DIR) STY (EXT) STY (IND, X) STY (IND, Y)
Vo€ "Addr Data RW | Addr Data RW | Addr Data RW | Addr Data RW
1 OP 18 1 oP 18 1 oP 1A 1 opP 18 1
2 | OP+1  DF 1 | oP+1 FF 1 | oP+1 EF 1 | OP+1 EF 1
3 | OP+2 dd 1 | OP+2  hh 1 | OP+2 ff 1 | oP+2 ff 1
4 00dd (IYH) 0 | OP+3 I 1 FFFF — 1 FFFF — 1
5 |o00dd+1 (IyL) o0 hhil  (IYH) 0 X+  (YH) 0 Y+ff  (IYH) 0
6 hhil+1  (IYL) 0 |X+ff+1 (IYL) 0 |[Y+ff+1 (iYL 0
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S U B Subtract S U B

Operation: ACCX ¢ (ACCX)-(M)

Description:  Subtracts the contents of M from the contents of ACCX and places the
result in ACCX. For subtract instructions, the C bit in the CCR represents a borrow.

Condition Codes and Boolean Formulae:

CT-T-T-Tslslsls]

N R7
Set if MSB of result is set; cleared otherwise.

Z R7-R6+R5+R4:R3+R2+R1+R0
Set if result is $00; cleared otherwise.
V X7+M7+R7+X7+M7+R7
Setif a twos complement overflow resulted from the operation; cleared otherwise.
C X7+M7+M7+R7+R7+X7
Set if the absolute value of the contents of memory are larger than the absolute
value of the contents of the accumulator; cleared otherwise.

Source Forms: SUBA (opr); SUBB (opr)

Addressing Modes, Machine Code, and Cycle-by-Cycle Execution:

Crele SUBA (IMM) SUBA (DIR) SUBA (EXT) SUBA (IND, X) SUBA (IND, Y)
v Addr Data RW [Addr Data RW |Addr Data RW |Addr Data RW |Addr Data RW
1 OoP 80 1 oP 9 1 OP  BO 1 OP A0 1 op 18 1
2 (oP+1 i 1 |oP+1 dd 1 |[OP+1 hh 1 |oP+1 1 |OP+1 A0 1
3 00dd (00dd) 1 |OP+2 I 1 | FFFF  — 1 |oP+2  ff 1
4 hhil  (hhll) 1 | X+ff (X+ff) 1 |FFFF  — 1
5 Y+ff (Y+) 1
Cvele SUBB (IMM) SUBB (DIR) SUBB (EXT) SUBB (IND, X) SUBB (IND, Y)
¥Ye® "Addr Data RW |Addr Data RW | Addr Data RW | Addr Data RW | Addr Data RW
1 oP  Co 1 OP DO 1 oP Fo 1 OP EO 1 oP 18 1
2 |oP+1 i 1 |OP+1 dd 1 |OP+1 hh 1 |[oP+1  ff 1 |oP+1 EO 1
3 00dd (00dd) 1 [OP+2 I 1 | FFFF  — 1 |oP+2 ff 1
4 hhil  (hhil) 1 | X+ff (X+f) 1 | FFFF  — 1
5 Y+ (Y+£) 1
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SUBD

Operation:

Description:

Subtract Double Accumulator

ACCD ¢ (ACCD)-(M:M +1)

SUBD

Subtracts the contents of M:M + 1 from the contents of double accumulator

D and places the result in ACCD. For subtract instructions, the C bit in the CCR rep-
resents a borrow.

Condition Codes and Boolean Formulae:

N

z

\ C

EEEEE

—lslsls]s |

N

z

Vv

c

R15

Set if MSB of result is set; cleared otherwise.

Set if result is $0000; cleared otherwise.

D15+M15+R15+D15+M15+R15
Set if atwos complement overflow resulted from the operation; cleared otherwise.

D15+ M15+M15+R15+R15+ D15
Set if the absolute value of the contents of memory is larger than the absolute
value of the accumulator; cleared otherwise.

Source Form: SUBD (opr)

Addressing Modes, Machine Code, and Cycle-by-Cycle Execution:

evel SUBD (IMM) SUBD (DIR) SUBD (EXT) SUBD (IND, X) SUBD (IND, Y)
Vo€ "Addr Data RW | Addr Data RW | Addr Data RW | Addr Data RW | Addr Data RW
1 op 83 1 oP 93 1 opP B3 1 oP A3 1 opP 18 1

2 [OP+1 ji 1 | OP+1 dd 1 {OP+1  hh 1 | oP+1 ff 1 | OP+1 A3 1

3 |[OP+2  kk 1 | 00dd (00dd) 1 [OP+2 Il 1 FFFF — 1 | OP+2 tf 1

4 | FFFF — 1 100dd+1(00dd+1) 1 | hhil  (hhil) 1 X+ff (X+ff) 1 FFFF - 1

5 FFFF — 1 |hhll+1 (hhI+1) 1 [X+H+1 (X+H+1) 1 | Y+ (Y+f) 1

6 FFFF — 1 FFFF — 1Y+ (Y1) 1

7 FFFF - 1

A-98

M68HC11 REFERENCE MANUAL

MOTOROLA



SWI Software Interrupt SWI

Operation: PC ¢ (PC) +$0001
«(PCL), SP ¢ (SP)—$0001
«(PCH), SP ¢ (SP)—-$0001
=(lYL), SP ¢ (SP)—-$0001
= (IYH), SP ¢ (SP)—$0001
#(IXL), SP 4 (SP)—$0001
(IXH), SP ¢ (SP)—$0001
#(ACCA), SP ¢ (SP)—$0001
+(ACCB), SP ¢4 (SP)—$0001
«(CCR), SP 4 (SP)—$0001
141, PC 4 (SWI vector)

Description:  The program counter is incremented by one. The program counter, index
registers Y and X, and accumulators A and B are pushed onto the stack. The CCR is
then pushed onto the stack. The stack pointer is decremented by one after each byte
of data is stored on the stack. The | bit in the CCR is then set. The program counter
is loaded with the address stored at the SWI vector, and instruction execution resumes
at this location. This instruction is not maskable by the | bit.

Condition Codes and Boolean Formulae:
X H I v c

$ N z
-l -[T-[+ [ -T-T-7T-1

I 1
Set

Source Form: SWI

Addressing Modes, Machine Code, and Cycle-by-Cycle Execution:

SWI (INH)

Cycle —

Addr Data RW
1 oP 3F 1
2 OoP+1 — 1
3 SP Rtnlo 0
4 SP—1 Rtn hi 0
5 SP-2 (IYL) 0
6 SP-3 (IYH) 0
7 SP-4 (IXL) 0
8 SP-5 (IXH) 0
9 SP-6 (A) 0
10 SP-7 (B) 0
1 SP-8 (CCR) 0
12 SP-8 (CCR) 1
13 Vec hi Svc hi 1
14 Veclo Svclo 1
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TAB Transfer from Accumulator A to Accumulator B

Operation: ACCB ¢ (ACCA)

TAB

Description:  Moves the contents of ACCA to ACCB. The former contents of ACCB are

lost; the contents of ACCA are not affected.

Condition Codes and Boolean Formulae:

s X W 1 Nz Vv ¢
(-l -[-[-Ts[s[o]-]

N R7

Set if MSB of result is set; cleared otherwise.
Z R7°R6+R5+R4+-R3-R2+R1-R0

Set if result is $00; cleared otherwise
vV o

Cleared

Source Form: TAB

Addressing Modes, Machine Code, and Cycle-by-Cycle Execution:

TAB (INH)
Addr Data RW

1 oP 16 1
2 [OP+1 — 1

Cycle
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TAP Transfer from Accumulator A to TAP

Condition Code Register

Operation: CCR ¢ (ACCA)

Bit Positions

7.6 5 4.3 2 1.0
IlLLIIlIIAmA

SX NjZ]v]C]| CCR

| L— Carry/Borrow
Overflow (Twos-Complement)
—————— Zero
Negative

b | Interrupt Mask

Half Carry

X Interrupt Mask
Stop Disable

Description:  Transfers the contents of bit positions 7-0 of accumulator A to the cor-
responding bit positions of the CCR. The contents of accumulator A remain unchanged.
The X bit in the CCR may be cleared as a result of a TAP instruction but may not be
set if it was clear prior to execution of the TAP instruction.

Condition Codes and Boolean Formulae:
S X H I N z v c
(s [-[s[s][s[s|s]s|
Condition code bits take on the value of the corresponding bit of accumulator A
except that the X bit may not change from a zero to a one. Software can leave X set,

leave X clear or change X from one to zero. The XIRQ interrupt mask can only become
set as a result of a RESET or recognition of an XIRQ interrupt.

Source Form: TAP

Addressing Modes, Machine Code, and Cycle-by-Cycle Execution:

TAP (INH)
Addr Data RW

1 oP 06 1
2 |OP+1 — 1

Cycle
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TBA Transfer from Accumulator B to Accumulator A TBA

Operation: ACCA ¢ (ACCB)

Description:  Moves the contents of ACCB to ACCA. The former contents of ACCA are
lost; the contents of ACCB are not affected.

Condition Codes and Boolean Formulae:
s c

X H I N z v

-l -[-1-Js]e[o]-]
N R7

Set if MSB of result is set; cleared otherwise.

Z R7°R6+R5°R4+-R3+-R2+R1+R0O

Set if result is $00; cleared otherwise.
vV o

Cleared

Source Form: TBA

Addressing Modes, Machine Code, and Cycle-by-Cycle Execution:

TBA (INH)
Addr Data RW

1 oP 17 1
2 |OP+1 — 1

Cycle
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TEST Test Operation TEST

(Test Mode Only)

Description:  This is a single-byte instruction that causes the program counter to be
continuously incremented. It can only be executed while in the test mode. The MPU
must be reset to exit this instruction. Code execution is suspended during this instruc-
tion. This is an illegal opcode when not in test mode.

Condition Codes and Boolean Formulae:

N z v C

S X H |
=l -T-T-T-T-T-1T-1

None affected

Source Form: TEST

Addressing Modes, Machine Code, and Cycle-by-Cycle Execution:

ova TEST (INH)
cle —
Vo Taddr  Data RW
1] op o0 1
2 |ops1  — 1
3 |or+2  — 1
4 OP+3 — 1
5-n |PREV—_1(PREV-1) 1
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TPA

Operation:

Description:

Transfer from Condition Code Register to
Accumulator A

(ACCA) 4 (CCR)

Bit Positions
7 6 5 4 3 2 1 0

LI T LTI 1T
EEEEEEE)
[s]x{ultInfz]v]c] ccn

I '— Carry/Borrow
Overflow (Twos-Complement)
Zero

Negative

| Acca

I Interrupt Mask

Half Carry

X Interrupt Mask
Stop Disable

TPA

Transfers the contents of the CCR to corresponding bit positions of ac-
cumulator A. The CCR remains unchanged.

Condition Codes and Boolean Formulae:

H | C

S
I —

[ —

N z v
|- T-T-T-T=-1T-1

None affected

Source Form: TPA

Addressing Modes, Machine Code, and Cycle-by-Cycle Execution:

TPA (INH)
Cycle —
Addr Data RW
1 oP 07 1
2 |OP+1 — 1

A-104
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TST Test TST

Operation: (ACCX)—$00 or: (M)-—$00

Description:  Subtracts $00 from the contents of ACCX or M and sets the condition codes
accordingly.

The subtraction is accomplished internally without modifying either ACCX or M.

The TST instruction provides only minimum information when testing unsigned val-
ues. Since no unsigned value is less than zero, BLO and BLS have no utility. While
BHI could be used after TST, it provides exactly the same control as BNE, which is
preferred. After testing signed values, all signed branches are available.

Condition Codes and Boolean Formulae:

CT-T-T-Tslel+ 1]

N M7
Set if MSB of result is set; cleared otherwise.

Set if result is $00; cleared otherwise
vV 0
Cleared

cCo
Cleared

Source Forms: TSTA; TSTB; TST (opr).

Addressing Modes, Machine Code, and Cycle-by-Cycle Execution:

TSTA (INH) TSTB (INH) TST (EXT) TST (IND, X) TST (IND, Y)
Addr Data RW |Addr Data RW |Addr Data RW |Addr Data RW |Addr Data RW

1

1

1

1

1

1

Cycle

oP 4D 1 oP 5D 1 opP 7D oP 6D oP 18
OP+1 — 1 [OP+1 — 1 |OP+1 hh oP+1 ff OP+1 6D
oP+2 1l FFFF  — oP+2 ff

hhil (hhil) X+ff (X +ff) FFFF  —

FFFF  — FFFF  — Y+ff (Y +ff)
FFFF  — FFFF  —

PTG NN

FFFF  —
FFFF —

NOOPBWN =
[N Y
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TSX Transfer from Stack Pointer to Index Register X TSX

Operation: IX ¢ (SP)+$0001

Description:  Loads the index register X with one plus the contents of the stack pointer.
The contents of the stack pointer remain unchanged. After a TSX instruction the index
register X points at the last value that was stored on the stack.

Condition Codes and Boolean Formulae:

None affected
Source Form: TSX

Addressing Modes, Machine Code, and Cycle-by-Cycle Execution:

TSX (INH)
Cycle —
Addr Data R/W
1 OP 30 1
2 |OP+1 — 1
3 SP — 1
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TSY Transfer from Stack Pointer to Index Register Y TSY

Operation: 1Y 4 (SP)+$0001

Description:  Loads the index register Y with one plus the contents of the stack pointer.
The contents of the stack pointer remain unchanged. After a TSY instruction the index
register Y points at the last value that was stored on the stack.

Condition Codes and Boolean Formulae:

X H ! N Z \ C
| -1 -1~

S
[T -T-T-T-

None affected

Source Form: TSY

Addressing Modes, Machine Code, and Cycle-by-Cycle Execution:

TSY (INH)
Cycle —
Addr Data RW
1 opP 18 1
2 |OP+1 30 1
3 |OP+2 — 1
4 SP — 1
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TXS Transfer from Index Register X to Stack Pointer TXS

Operation: SP ¢ (IX) —$0001

Description:  Loads the stack pointer with the contents of the index register X minus
one. The contents of the index register X remain unchanged.

Condition Codes and Boolean Formulae:

S X H | N Z v [
(=T -T-T-T-T-T-7T-1

None affected
Source Form: TXS

Addressing Modes, Machine Code, and Cycle-by-Cycle Execution:

TXS (INH)
Cycle —
Addr Data RW
1 oP 35 1
2 |OP+1 — 1
3 FFFF  — 1
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TYS Transfer from Index Register Y to Stack Pointer TYS

Operation; SP ¢ (IY)—$0001

Description:  Loads the stack pointer with the contents of the index register Y minus
one. The contents of the index register Y remain unchanged.

Condition Codes and Boolean Formulae:
X H z v

S | N C
=l -1-T=-T-T=-T=-1T=1

None affected

Source Form: TYS

Addressing Modes, Machine Code, and Cycle-by-Cycle Execution:

TYS (INH)
Cycle p—
Addr Data RW
1 OoP 18 1
2 |OP+1 35 1
3 |[OP+2 — 1
4 FFFF  — 1
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WAI Wait for Interrupt WAI

Operation; PC ¢ (PC)+$0001

«(PCL), SP ¢ (SP)—-$0001
«(PCH), SP ¢ (SP)—$0001
= (lYL), SP 4 (SP)—-$0001

< (lIYH), SP ¢ (SP)—$0001
«(IXL), SP ¢ (SP)—-$0001
«(IXH), SP ¢ (SP)—-$0001
«(ACCA), SP ¢ (SP)—$0001
«(ACCB), SP ¢ (SP)—$0001
#(CCR), SP ¢ (SP)—-$0001

Description:  The program counter is incremented by one. The program counter, index
registers Y and X, and accumulators A and B are pushed onto the stack. The CCR is
then pushed onto the stack. The stack pointer is decremented by one after each byte :
of data is stored on the stack.

The MPU then enters a wait state for an integer number of MPU E-clock cycles. While
in the wait state, the address/data bus repeatedly runs read bus cycles to the address
where the CCR contents were stacked. The MPU leaves the wait state when it senses
any interrupt that has not been masked.

Upon leaving the wait state, the MPU sets the | bit in the CCR, fetches the vector
(address) corresponding to the interrupt sensed, and instruction execution is resumed
at this location.

Condition Codes and Boolean Formulae:

S X H | N 4 v c
(=l -[T-T-T-T-7T-07T-1]

Although the WAI instruction itself does not alter the condition code bits, the
interrupt which causes the MCU to resume processing causes the | bit (and the
X bit if the interrupt was XIRQ) to be set as the interrupt vector is being fetched.
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WA' Wait for Interrupt WA'

Source Form: WAI

Addressing Modes, Machine Code, and Cycle-by-Cycle Execution:

WAI (INH)
Cycle o
Addr Data, RW
1 oP 3E 1
2 OP+1 — 1
3 SP  Rtnlo 0
4 SP-1 Rtnhi 0
5 SP-2 (IYL) 0
6 SP-3 (IYH) 0
7 SP-4 (IXL) 0
8 SP-5 (IXH) 0
9 SP-6 (A) 0
10 SP-7 (B) 0
1 SP-8 (CCR) 0
12t0 12+n |SP-8 (CCR} 1
13+n Vec hi Svc hi 1
14+n Vec lo Svclo 1

MOTOROLA M68HC11 REFERENCE MANUAL A-111



XG DX Exchange Double Accumulator and XG DX

Index Register X

Operation: (IX) ¢ (ACCD)

Description:  Exchanges the contents of double accumulator ACCD and the contents of
index register X. A common use for XGDX is to move an index value into the double
accumulator to allow 16-bit arithmetic calculations on the index value before exchang-
ing the updated index value back into the X index register.

Condition Codes and Boolean Formulae:
s X H | N z v c

=1 -T-]T-1-1T-71=-17=]

None affected

Source Form: XGDX
Addressing Modes, Machine Code, and Cycle-by-Cycle Execution:

XGDX (INH)
Cycle Addr Data RW
1 OP  &F 1
2 |OP+1 — 1
3 |FFFF  — 1
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XG DY Exchange Double Accumulator and XG DY

Index Register Y

Operation: (1Y) & (ACCD)

Description:  Exchanges the contents of double accumulator ACCD and the contents of
index register Y. A common use for XGDY is to move an index value into the double
accumulator to allow 16-bit arithmetic calculations on the index value before exchang-
ing the updated index value back into the Y index register.

Condition Codes and Boolean Formulae:
X

S H | N z v C
(= -T-T-1T-T-7T-17-]

None affected

Source Form: XGDY

Addressing Modes, Machine Code, and Cycle-by-Cycle Execution:

Cycle XGDY (INH)
Ye® "Addr Data RW
1 oP 18 1
2 OP+1 8F 1
3 [OP+2 — 1
4 |FFFF — 1
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APPENDIX B
BOOTLOADER LISTINGS

This appendix contains source code listings of the internal bootioader ROMs for several
members of the M68HC11 Family.

Family Security Option Page
MC68HC11A8 No B-2-B-4
MC68HC11A8 Yes B-5-B-8
MC68HC811E2 No B-9-B-11
MC68HC811E2 Yes B-12-B-16
MC68HC11E9 No B-17-B-19
MC68HC11E9 Yes B-20-B-24
MC68HC11F1 No B-25-B-27

Listings of other M68BHC11 Family bootloader ROMs can be found in application note AN1060.
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Listing — MC68HC11A8 Bootloader (No Security)

0008
0009
0028
002b
002¢c
0024
002e
002f
003b
003e
003f

b600
b7£f

b£f40
b£f40
bf40
bf43
bf46

bf49
bf4b

bf4d
bf4f

B-2

8e

ce

1c

86
a7

86
a7

00 ££

10 00

28 20

a2
2b

Oc
24

* BOOTLOADER FIRMWARE FOR MC68HC11A8 W/O SECURITY

ARKK AR KKK KA KRR A KRR A KRR AR A KRARRRAARR A AR R AR R ARk kA kkkkkk

* Thu Dec 11 18:46:19 CST 1986
t2 22222222222 2222222222222 2222223223323 233333222233 22]

* EQUATES FOR USE WITH INDEX OFFSET = $1000

PORTD EQU $08
DDRD EQU $09
SPCR EQU $28 (FOR DWOM BIT)
BAUD EQU $2B
SCCR1 EQU $2c
SCCR2 EQU $2D
SCSR EQU $2E
SCDAT EQU $2F
PPROG EQU $3B
TEST1 EQU $3E
CONFIG EQU $3F

* MORE EQUATES

*

EEPSTR EQU $B600 START OF EEPROM
EEPEND EQU $B7FF END OF EEPROM

L2322 2222222222222 2222222222222 2222233222222 33232223
THIS BOOTSTRAP PROGRAM ALLOWS THE USER TO

DOWNLOAD A PROGRAM OF EXACTLY 256 BYTES.

THE PROGRAM MUST START AT $0000.

EACH BYTE OF THE PROGRAM IS RECEIVED BY THE

SCI, STARTING WITH THE $0000 BYTE AND WORKING

UP TO THE $00FF BYTE.

THE TRANSMITTER WILL BE USED FOR THE PURPOSE

OF COMMUNICATION TO THE OUTSIDE WORLD.

AAKKKKK KKK RRKRKKRRRRK KR RRRRRKKARRKRRRRKRRRR KRR R
ORG $BF40

BEGIN EQU *

* % %% X % X ¥ ¥

* INIT STACK
LDS #S00FF
* INIT X REG FOR INDEXED ACCESS TO REGISTERS
LDX  #$1000
* PUT PORT D IN WIRE OR MODE
BSET SPCR,X $20
* INIT SCI AND RESTART BAUD DIVIDER CHAIN
LDAA #$A2 DIV BY 16
STAA BAUD,X
* RECEIVER & TRANSMITTER ENABLED
LDAA #S50C
STAA SCCR2,X

M68HC11 REFERENCE MANUAL MOTOROLA

Sheet 1 of 3



Listing — MC68HC11A8 Bootloader (No Security) Sheet 2 of 3
* SECURITY CODE IS REMOVED

* SEND BREAK TO SIGNAL START OF DOWNLOAD

bf51 1c 24 01 BSET SCCR2,X $01

* CLEAR BREAK AS SOON AS START BIT IS DETECTED
bf54 1le 08 01 fc BRSET PORTD,X $01 *
b£58 1d 2d 01 BCLR SCCR2,X $01 CLEAR BREAK

* WAIT FOR FIRST CHARACTER (USERS SEND $FF)
bf5b 1f 2e 20 fc BRCLR SCSR,X $20 * WAIT FOR RDRF
bfSf a6 2f LDAA SCDAT, X READ DATA

* IF DATA = $00 (BREAK OR $00), THEN JUMP TO EEPROM
bf6l 26 03 BNE NOTZERO
bf63 7e b6 00 JMP $B600
b£66 NOTZERO EQU *

* IF DATA = $55, THEN SKIP DOWNLOAD (TEST MODE)
bf66 81 55 CMPA #$55
bf68 27 1le BEQ STAR

* IF DATA = $FF, THEN /16 IS CORRECT BAUD
bf6a 81 ff CMPA #S$FF
bféc 27 03 BEQ BAUDOK

* ELSE CHANGE TO /104 (/13 & /8) 1200 @ 2MHZ
bf6ée 1lc 2b 33 BSET BAUD,X $33

* THEN DOWNLOAD 256 BYTE PROGRAM
bf71 BAUDOK EQU  *
bf71 18 ce 00 00 LDY  #$0000 INIT POINTER

* READ IN PROGRAM AND PUT INTO RAM
b£75 BK2 EQU  *
bf75 1f 2e 20 fc BRCLR SCSR,X $20 * WAIT FOR RDRF
b£79 a6 2f LDAA SCDAT, X
bf7b 18 a7 00 STAA $00,Y
bfle a7 2f STAA SCDAT,X HANDSHAKE
bf80 18 08 INY

* UNTIL THE END IS REACHED
bf82 18 8c 01 00 CPY #$0100
b£86 26 ed BNE BK2

AR KKK KKK AR KK A KRR KR KKK KA A KRR KA AR AN R AR KRR A AR R AR ARk kkk

* ALL START USER'S PROGRAM
*

bfgs STAR EQU *

bf88 7e 00 00 JMP $0000
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Listing — MC68HC11A8 Bootloader (No Security)

bfd4

bfd4

bfdé
bfds
bfda
bfdc
bfde
bfel
bfe2
bfe4
bfeé6
bfe8
bfea
bfec
bfee
bf£fo0
bff2
bff4
bff6
bf£f8
bffa
bffc
bffe

B-4

00

00

c4
c?
ca
cd
do
d3
dé
d9
dc
df
e2
e5
e8
eb
ee
f1l
f4
£7
fa
fd
40

ORG

$BFD4

* MASK I. D. BYTE

FDB

$0000

NEEDED IF BOOTROM < MAX

Sheet 3 of 3

AR KA KKK KKK KA KRR AR AR KA AAKRKR KRR AR RRKAAR KRR ARR R AR AR AR Ak Ak X

* VECTORS
*
FDB
FDB
FDB
FDB
FDB
FDB
FDB
FDB
FDB
FDB
FDB
FDB
FDB
FDB
FDB
FDB
FDB
FDB
FDB
FDB
FDB

$100-60
$100-57
$100-54
$100-51
$100-48
$100-45
$100-42
$100-39
$100-36
$100-33
$100-30
$100-27
$100-24
$100-21
$100-18
$100-15
$100-12
$100-9

$100-6

$100-3

#BEGIN

SCI

SPI

PULSE
PULSE
TIMER
TIMER
TIMER
TIMER
TIMER
TIMER
TIMER
TIMER
TIMER

ACCUM INPUT EDGE
ACCUM OVERFLOW
OVERFLOW

OUTPUT COMPARE
OUTPUT COMPARE
OUTPUT COMPARE
OUTPUT COMPARE
OUTPUT COMPARE
INPUT CAPTURE 3
INPUT CAPTURE 2
INPUT CAPTURE 1

=N Ws O,

REAL TIME INT

IRQ
XIRQ
SWI

ILLEGAL OP-CODE
COP FAIL

CLOCK
RESET

MONITOR

AK KKK KK AR KA KR AR KRR KA AR AR KRR KRR AR KRR KRR AR AR R AR AR A Ak Ak kkkk

* END

KKK K KKK KK AR AR KK KRR KA KR AR AKX KRARARRAR KRR R AR AR KRR AR AR AR Ak A kX
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Listing — MC68HC11A8 Bootloader (With Security) Sheet 1 of 4

0008
0009
0028
002b
002c
0024
002e
002f
003b
003e
003f

b600
b7ff

bf40

bf40

bf40

bf43

bf46

bf49
bf4b

bf4d
bf4f

8e

ce

1c

86
a7l

86
a7

00 f£f

10 00

28 20

a2
2b

Oc
24

MOTOROLA

* BOOTLOADER FIRMWARE FOR MC68HC11A8 (with Security)

AAKKKKRK KKK KA KKK KA A KRR AR RA A A AR AR AR hk Ak kkhkhkkhhkhkhhkkxhkhkkkx

* Wed Dec 5 16:14:54 CST 1984

KKK KKK KKK KKK KR KRR KR KR AR AR KA R AR AR KRR ARk Ak khkkkkkkkhkkkhkkk

* EQUATES FOR USE WITH INDEX OFFSET = $1000

PORTD EQU $08
DDRD EQU $09
SPCR EQU $28 (FOR DWOM BIT)
BAUD EQU $2B
SCCR1 EQU s$2c
SCCR2 EQU $2D
SCSR EQU S$2E
SCDAT EQU $2F
PPROG EQU $3B
TEST1 EQU $3E
CONFIG EQU $3F

* MORE EQUATES

*

EEPSTR EQU  $B600 START OF EEPROM
EEPEND EQU  $B7FF END OF EEPROM

AAKKAKKAKAKKAKRKA AR KA A KA kA A A ARk Ak hkhkhkkkkkhkhkhhkhkkkkkkhkhkhkkkkxk

* THIS BOOTSTRAP PROGRAM ALLOWS THE USER TO

* DOWNLOAD A PROGRAM OF EXACTLY 256 BYTES.

* THE PROGRAM MUST START AT $0000.

* EACH BYTE OF THE PROGRAM IS RECEIVED BY THE

* SCI, STARTING WITH THE $0000 BYTE AND WORKING
* UP TO THE $00FF BYTE.

*

*

*

THE TRANSMITTER WILL BE USED FOR THE PURPOSE
OF COMMUNICATION TO THE OUTSIDE WORLD.
e s e s s

ORG $BF40

BEGIN EQU *
* INIT STACK
LDS #S00FF
* INIT X REG FOR INDEXED ACCESS TO REGISTERS
LDX #$1000
* PUT PORT D IN WIRE OR MODE
BSET SPCR,X $20
* INIT SCI AND RESTART BAUD DIVIDER CHAIN
LDAA #$A2 DIV BY 16
STAA BAUD,X
* RECEIVER & TRANSMITTER ENABLED
LDAA #$0C
STAA SCCR2,X
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Listing — MC68HC11A8 Bootloader (With Security) Sheet 2 of 4

* TEST THE SECURITY BIT
bf51 le 3f 08 34 BRSET CONFIG,X $08 NOSEC

% % % %k % %k Kk Kk Kk %k %k Kk %k Kk Kk %k % J Kk 3k %k %k Kk 5k %k %k dk %k 5k %k % 3k %k %k % % %k & k% %k %k dk Kk ok ok ok k ok ok ok ok ok

* WE ARE IN SECURITY MODE

* OQUTPUT $FF ON TRANSMITTER

b£f55 AGAIN EQU *

b£f55 a6 2e LDAA SCSR,X
bf57 86 ff LDAA #SFF
b£f59 a7 2f STAA SCDAT,X

* ERASE EEPROM:
* SET ERASE AND EELAT BITS BEFORE USING "ERASE"

bf5b c6 06 LDAB #3506

bf5d e7 3b STAB PPROG,X

bf5f £7 bé 00 STAB EEPSTR WRITE ANY EEPROM LOCATION
bf62 8d 5f BSR ERASE

* ACCB IS NOW SET FOR $06

* k k Kk kkkk

* ERASE CYCLE IS COMPLETE

* IF THE EE IS DISABLED (EEON=0), SKIP EE CHK

* WE CAN'T CHECK THAT THE EEPROM IS ERASED
bf64 1f 3f 01 11 BRCLR CONFIG,X $01 NOEE

* EEPROM IS ENABLED (EEON=1),

* NOW CHECK THAT THE EEPROM IS ERASED

bf68 18 ce b6 00 LDY #EEPSTR
bféc LOOP EQU *
bféc 18 al 00 CMPA O0,Y (A = S$FF)
* ANY UNERASED BYTE SENDS US BACK TO ERASE AGAIN
bf6f 26 e4 BNE AGAIN
bf71 18 08 INY
bf73 18 8c b8 00 CPY #EEPEND+1
b£f77 26 £3 BNE LOOP
b£79 NOEE EQU *

KA A K KA KA KKK A KRR KA KRR KRR KRR KA KA KRR AR KRR AR KRR AR AR AR ARk K

* WRITE $FF TO ENTIRE RAM (EXCEPT LAST TWO BYTES
* WHICH ARE USED BY THE STACK)

bf79 ERAM EQU ~ *
bf79 3c PSHX

bf7a ce ff 02 LDX #SFF02
bf7d LOP1 EQU *
bf7d a7 fe STAA $FE,X
bf7f 08 INX

bf80 26 fb BNE LOP1
bf82 38 PULX
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Listing — MC68HC11A8 Bootloader (With Security)

bf83

b£f83

bf85
bf87

bf89

b£f89

bf8c
b£90

b£93
bf97

b£99
bf9b
bf%e

bf%e
bfal

bfa2
bfa4

bfaé

bfad
bfa9

bfad
bfad
bfbl
bfb3
bfbé6
bfb8
bfba
bfbe

bfc0
bfcl

e7

e7
8d

1lc

le
id

1f
a6

26
Te

81
27

81
27

1c

18

1f
aé
18
a7
18
18
26

Te

3b

3f
3a

2d

08
2d

2e
2f

03
bé

55
le

£ff
03

2b

ce

2e
2f
a7
2f
08
8c
ed

00

MOTOROLA

01

01
01

20

00

33

00

20

00

01

00

fc

fc

00

fc

00

Sheet 3 of 4

% %k kK ok Kk ok Kk ok Kk ok 3k Kk ok ok %k ok k ko ke ok ok ok ok ok ok ok ok ke ok ke ok ok ok ok ok ke ke ok ok ok ke ok ok ke ok

* NOW ERASE CONFIG REGISTER

ECONFG EQU  *

* SET ERASE AND EELAT BITS
STAB PPROG,X (B STILL = $06)

* WRITE CONFIG REGISTER, LATCH ADDR FOR ERASURE
STAB CONFIG,X
BSR  ERASE

* ERASE CYCLE IS COMPLETE

E s R e R e ey
* NON-SECURITY AND SECURITY MODES MEET HERE

NOSEC EQU  *

* SEND BREAK TO SIGNAL START OF DOWNLOAD
BSET SCCR2,X $01

* CLEAR BREAK AS SOON AS START BIT IS DETECTED
BRSET PORTD,X $01 *
BCLR SCCR2,X $01 CLEAR BREAK

* WAIT FOR FIRST CHARACTER (USERS SEND S$FF)
BRCLR SCSR,X $20 * WAIT FOR RDRF
LDAA SCDAT,X READ DATA

* IF DATA = $00 (BREAK OR $00), THEN JUMP TO EEPROM
BNE NOTZERO
JMP $B600

NOTZERO EQU *

* IF DATA = $55, THEN SKIP DOWNLOAD (TEST MODE)
CMPA #$55
BEQ STAR

* IF DATA = $FF, THEN /16 IS CORRECT BAUD
CMPA  #$FF
BEQ BAUDOK

* ELSE CHANGE TO /104 (/13 & /8) 1200 @ 2MHZ
BSET BAUD,X $33

* THEN DOWNLOAD 256 BYTE PROGRAM

BAUDOK EQU  *
LDY  #$0000 INIT POINTER

* READ IN PROGRAM AND PUT INTO RAM

BK2 EQU *
BRCLR SCSR,X $20 * WAIT FOR RDRF
LDAA SCDAT, X
STAA $00,Y

STAA SCDAT,X HANDSHAKE

INY

CPY #$0100 UNTIL THE END IS REACHED
BNE BK2

KKK KKKKRKKR KKK KA KRR K AR KRR KRR KRR RKRRAKRARARK KRR KRRk KAk K
* ALL START USER'S PROGRAM
STAR EQU *

JMP $0000

M68HC11 REFERENCE MANUAL . , B-7



Listing — MC68HCl11A8 Bootloader (With Security) Sheet 4 of 4

Jedeok ek sk ke ko ko ko ke ok ok ek ok ke ke ok ek ok ke ok ok ok ek ok ke e ok ok ok kb ko
EEPROM ERASE SUBROUTINE

ASSUMES CALLING ROUTINE HAS ALREADY SET ERASE
AND EELAT BITS, AS WELL AS ACCESSED CONFIG REG
IF THAT IS TO BE ERASED

ENTRY X=$1000
EXIT X=$1000, Y=$0000

LI N R R

bfc3 ERASE EQU *

* SET EEPGM BIT
bfec3 1c 3b 01 BSET PPROG,X $01

* 10 MILLISEC DELAY @ 2.1 MHZ
bfcé 18 ce Ob b8 LDY #3000
bfca 18 09 BK1 DEY
bfcc 26 fc BNE BK1

* TURN OFF EEPGM BIT; THEN "ERASE & EELAT" BITS
bfce 1d 3b 01 BCLR PPROG,X $01
bfdl 6f 3b CLR PPROG, X
bfd3 39 RTS

* MASK I. D. BYTE

bfd4 00 00 FDB $0000
R T T e
* VECTORS
* ORG $BFD6 NEEDED IF BOOTROM < MAX
bfdé 00 c4 FDB $100-60 sCI
bfd8 00 c7 FDB $100-57 SPI
bfda 00 ca FDB $100-54 PULSE ACCUM INPUT EDGE
bfdc 00 cd FDB $100-51 PULSE ACCUM OVERFLOW
bfde 00 40 FDB $100-48 TIMER OVERFLOW
bfe0 00 d3 FDB $100-45 TIMER OUTPUT COMPARE 5
bfe2 00 dé FDB $100-42 TIMER OUTPUT COMPARE 4
bfed4 00 d9 FDB $100-39 TIMER OUTPUT COMPARE 3
bfe6 00 dc FDB $100-36 TIMER OUTPUT COMPARE 2
bfe8 00 df FDB $100-33 TIMER OUTPUT COMPARE 1
bfea 00 e2 FDB $100~-30 TIMER INPUT CAPTURE 3
bfec 00 e5 FDB $100-27 TIMER INPUT CAPTURE 2
bfee 00 e8 FDB $100-24 TIMER INPUT CAPTURE 1
bff0 00 eb FDB $100-21 REAL TIME INT
bff2 00 ee FDB $100-18 IRQ
bff4 00 £1 FDB $100-15 XIRQ
bff6 00 f4 FDB $100-12 SWI
bff8 00 £7 FDB $100-9 ILLEGAL OP-CODE
bffa 00 fa FDB $100-6 COP FAIL
bffc 00 fd FDB $100-3 CLOCK MONITOR
bffe bf 40 FDB #BEGIN RESET
* END
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* BOOTLOADER FIRMWARE FOR 68HC11E2
KAKKAKKK AR KA RKK KRR AR KRR AR AR AR AR AR AR AR AR Ak kkkok ok kkk ok

* Mon Jan 11 16:06:00 CST 1988

% % Kk d ok kK Kk ok Kk Kk Kk ok kK %k ke ke ok ok ek ok ok gk ok vk sk ok ok ok ok ok ke ok kK ke ke ok ok ok ok ok ok

* EQUATES FOR USE WITH INDEX OFFSET = $1000

0008 PORTD EQU 508
0009 DDRD EQU $09
0028 SPCR  EQU $28 (FOR DWOM BIT)
002b BAUD EQU $2B
002c SCCR1 EQU $2C
002d SCCR2 EQU $2D
002e SCSR  EQU $2E
002£ SCDAT EQU $2F
003b PPROG EQU $3B
003e TEST1 EQU $3E
003f CONFIG EQU $3F

* MORE EQUATES
*
£800 EEPSTR EQU  $F800 START OF EEPROM
1333 EEPEND EQU $FFFF  END OF EEPROM

2222222222232 2222223222223 2222223232223 2 222222222 ¢
THIS BOOTSTRAP PROGRAM ALLOWS THE USER TO

DOWNLOAD A PROGRAM OF EXACTLY 256 BYTES.

THE PROGRAM MUST START AT $0000.

EACH BYTE OF THE PROGRAM IS RECEIVED BY THE

SCI, STARTING WITH THE $0000 BYTE AND WORKING

UP TO THE $00FF BYTE.

THE TRANSMITTER WILL BE USED FOR THE PURPOSE
OF COMMUNICATION TO THE OUTSIDE WORLD.
*kkkkkkk i

* THIS PROGRAM WAS KEPT AS MUCH THE SAME AS

* THE 68HC11A8 BOOTLOADER AS POSSIBLE.
e 2 e

* % % % % ¥ ¥ ¥ %

bf40 ORG $BF40
b£f40 BEGIN EQU *
* INIT STACK
bf40 8e 00 ff LDS #$00FF
) * INIT X REG FOR INDEXED ACCESS TO REGISTERS
bf43 ce 10 00 LDX #51000

%k k ok kkkk

* PUT PORT D IN WIRE OR MODE
bf46 lc 28 20 BSET SPCR,X $20

MOTOROLA M68HC11 REFERENCE MANUAL B-9



Listing — MC68HC811E2 Bootloader (No Security) Sheet 2 of 3

* INIT SCI AND RESTART BAUD DIVIDER CHAIN

bf49 86 a2 LDAA #$A2 DIV BY 16
bf4b a7 2b STAA BAUD,X

* RECEIVER & TRANSMITTER ENABLED
bf4d 86 Oc LDAA #S$0C
bf4f a7 2d STAA SCCR2,X

*kkkkkkk
* SEND BREAK TO SIGNAL START OF DOWNLOAD

bf51 1c 2d 01 BSET SCCR2,X $01

* CLEAR BREAK AS SOON AS START BIT IS DETECTED
bf54 le 08 01 fc BRSET PORTD,X $01 *
bf58 1d 2d 01 BCLR SCCR2,X $01 CLEAR BREAK

* WAIT FOR FIRST CHARACTER (USERS SEND $FF)
bfSb 1f 2e 20 fc BRCLR SCSR,X $20 * WAIT FOR RDRF
bf5f a6 2f LDAA SCDAT,X READ DATA

* IF DATA = $00 (BREAK OR $00), THEN JUMP TO EEPROM
bf6él 26 03 BNE NOTZERO
bf63 7e £8 00 JMP EEPSTR
bfé66 NOTZERO EQU *

* IF DATA = $55, THEN SKIP DOWNLOAD (TEST MODE)
bf66 81 55 CMPA #$55
bfé68 27 1le BEQ STAR

* IF DATA = $FF, THEN /16 IS CORRECT BAUD
bféa 81 ff CMPA #S$FF
bféc 27 03 BEQ BAUDOK

* ELSE CHANGE TO /104 (/13 & /8) 1200 @ 2MHZ
bfée 1lc 2b 33 BSET BAUD,X $33

* THEN DOWNLOAD 256 BYTE PROGRAM
bf71 BAUDOK EQU *
bf71 18 ce 00 00 LDY #$0000 INIT POINTER

* READ IN PROGRAM AND PUT INTO RAM
b£f75 BK2 EQU *
bf75 1f 2e 20 fc BRCLR SCSR,X $20 * WAIT FOR RDRF
bf79 a6 2f LDAA SCDAT,X
bf7b 18 a7 00 STAA $00,Y
bf7e a7 2f STAA SCDAT,X HANDSHAKE
bf80 18 08 INY

* UNTIL THE END IS REACHED
bf82 18 8c 01 00 CPY #$0100
bf86 26 ed BNE BK2

R T T TS e T T T T T2
* ALL START USER'S PROGRAM

b£88 STAR EQU *

bf88 7e 00 00 JMP $0000
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bfd4

bfd4

bfdé
bfds
bfda
bfdc
bfde
bfel
bfe2
bfed
bfeb
bfe8
bfea
bfec
bfee
bf£f0
bff2
bff4
bff6
bff8
bffa
bffc
bffe

e2

e2

c4
c7
ca
cd
do
a3
deé
49
dc
df
e2
e5
e8
eb
ee
f1l
f4
£7
fa
fd
40

MOTOROLA

* MASK I.D. FOR

ORG

FDB

$BFD4

$E2E2

Sheet 3 of 3

NEEDED IF BOOTROM < MAX
L s ]

'811E2 WITH NO SECURITY

KEKKRKAKRK KKK KA KRR R RARAKRKR KA KRR AR AR KRR RA AR AR AR A AR ARk Ak hkk k&

*
*

VECTORS

FDB
FDB
FDB
FDB
FDB
FDB
FDB
FDB
FDB
FDB
FDB
FDB

END

$100-60
$100-57

-$100-54

$100-51
$100-48
$100-45
$100-42
$100-39
$100-36
$100-33
$100-30
$100-27
$100-24
$100-21
$100-18
$100-15
$100-12
$100-9
$100-6
$100-3
$BF40

SCI

SPI

PULSE
PULSE
TIMER
TIMER
TIMER
TIMER
TIMER
TIMER
TIMER
TIMER
TIMER

ACCUM INPUT EDGE
ACCUM OVERFLOW
OVERFLOW

OUTPUT COMPARE
OUTPUT COMPARE
OUTPUT COMPARE
OUTPUT COMPARE
OUTPUT COMPARE
INPUT CAPTURE 3
INPUT CAPTURE 2
INPUT CAPTURE 1

P NDWaW’m

REAL TIME INT

IRQ
XIRQ
SWI

ILLEGAL OP-CODE
COP FAIL

CLOCK
RESET

M68HC11 REFERENCE MANUAL
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Listing — MC68HC811E2 Bootloader (With Security) Sheet 1 of 5

* BOOTLOADER FIRMWARE FOR 68HC11E2 - SECURED VERSION
T T T T T T e T T 2

* Tue Oct 25 11:38:07 CDT 1988
L T T T T e T T e T T T

* EQUATES FOR USE WITH INDEX OFFSET = $1000

0008 PORTD EQU $08
0009 DDRD EQU $09
0028 SPCR EQU $28 (FOR DWOM BIT)
002b BAUD EQU $2B
002¢ SCCR1 EQU $2c
002d SCCR2 EQU $2D
002e SCSR- EQU $2E
002f SCDAT EQU $2F
0035 BPROT EQU $35
003b PPROG EQU $3B
003e TEST1 EQU $3E
003f CONFIG EQU $3F

* MORE EQUATES

*
£800 EEPSTR EQU  $F800 START OF EEPROM
3334 EEPEND EQU $FFFF = END OF EEPROM

e e e sk e e e ke ok ko ok ek ok ok ke ok ok ok ok ok o ek ok e e ok ek sk e ok ke e ok ok
THIS BOOTSTRAP PROGRAM ALLOWS THE USER TO

DOWNLOAD A PROGRAM OF EXACTLY 256 BYTES.

THE PROGRAM MUST START AT $0000.

EACH BYTE OF THE PROGRAM IS RECEIVED BY THE

SCI, STARTING WITH THE $0000 BYTE AND WORKING

UP TO THE $00FF BYTE.

THE TRANSMITTER WILL BE USED FOR THE PURPOSE
OF COMMUNICATION TO THE OUTSIDE WORLD.

% % % % % %k k k

* THIS PROGRAM WAS KEPT AS MUCH THE SAME AS

* THE 68HC11A8 BOOTLOADER AS POSSIBLE.
L TR T e T TR T 2 e 2y

* % X % X X H ¥ ¥

b£f40 ORG $BF40
b£f40 BEGIN EQU *
* INIT STACK
bf40 8e 00 ff LDS #$00FF
* INIT X REG FOR INDEXED ACCESS TO REGISTERS
bf43 ce 10 00 LDX #$1000

* PUT PORT D IN WIRE OR MODE
bf46 1lc 28 20 BSET SPCR,X $20

B-12 M68HC11 REFERENCE MANUAL MOTOROLA



Listing — MC68HC811E2 Bootloader (With Security) Sheet 2 0of 5

* INIT SCI AND RESTART BAUD DIVIDER CHAIN

bf49 86 a2 LDAAR #$A2 DIV BY 16
bf4b a7 2b STAA BAUD,X

* RECEIVER & TRANSMITTER ENABLED
bf4d 86 Oc LDAA #$0C
bf4f a7 24 STAA SCCR2,X

* TEST THE SECURITY BIT
bf51 le 3f 08 36 BRSET CONFIG,X $08 NOSEC

Kk hkkk kR hk kAR Ak k ko kkkkhkkhkkhkkhkkhkkhkkhkkhkkhkkkhkkhkkhkkhkkkkkk

* WE ARE IN SECURITY MODE
* QUTPUT $FF ON TRANSMITTER

b£55 AGAIN EQU *

bf55 a6 2e LDAA SCSR,X
bt57 86 ff LDAA #S$FF
b£59 a7 2f STAA SCDAT,X

* ERASE EEPROM:
* TURN OFF BLOCK PROTECT

bf5b 6f 35 CLR BPROT, X

* SET ERASE AND EELAT BITS BEFORE USING "ERASE"
bf5d c6 06 LDAB #506
bf5f e7 3b STAB PPROG, X
bf6l £7 £8 00 STAB EEPSTR WRITE EEPROM LOCATION
bf64 84 Sf BSR ERASE

* ACCB IS NOW SET FOR $06

* Kk kkkkkk

* ERASE CYCLE IS COMPLETE

IF THE EEPROM IS NOT ENABLED

WE CAN'T CHECK THAT THE EEPROM IS ERASED
bf66 1f 3f 01 11 BRCLR CONFIG,X $01 NOEE

EEPROM IS ON,

NOW CHECK THAT THE EEPROM IS ERASED

* ¥ *

* *

bféa 18 ce £8 00 LDY #EEPSTR
bfé6e LOOP EQU *
bfée 18 al 00 CMPA O0,Y (A = SFF)
* ANY UNERASED BYTE SENDS US BACK TO ERASE AGAIN
bf71 26 e2 BNE AGAIN
b£f73 18 08 INY
bf75 18 8c 00 00 . CPY #EEPEND+1
bf79 26 £3 BNE LOOP
bf7b NOEE EQU *
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KKK KKK K AR AA KA IR ARk Ak hkkhkhhkhkhhkhk kA hkhhkkhkkhkkkk

* WRITE $FF TO ENTIRE RAM (EXCEPT LAST TWO BYTES
* WHICH ARE USED BY THE STACK)

bf7b ERAM EQU *
bf7b 3c PSHX

bf7c ce f£f 02 LDX #SFF02
bf7f LOP1 EQU *
bf7f a7 fe STAA $FE,X
bf8l 08 INX

bf82 26 fb BNE LOP1
bf84 38 PULX

L sy
* NOW ERASE CONFIG REGISTER

bf85 ECONFG EQU *
* SET ERASE AND EELAT BITS
bf85 e7 3b STAB PPROG,X (B STILL = $06)
* WRITE CONFIG REGISTER LATCH IT FOR ERASURE
bf87 e7 3f STAB CONFIG,X
bf89 8d 3a ‘ BSR ERASE

* ERASE CYCLE IS COMPLETE

KAKK KK AKAKRA KA KRR I AR AR I A AR KRR A ARk khhhkkkhkkk

* NON-SECURITY AND SECURITY MODES MEET HERE
*

bf8b NOSEC EQU *

* SEND BREAK TO SIGNAL START OF DOWNLOAD
bf8b 1lc 2d 01 BSET SCCR2,X $01

* CLEAR BREAK AS SOON AS START BIT IS DETECTED
bf8e le 08 01 fc BRSET PORTD,X $01 *
bf92 1d 2d 01 BCLR SCCR2,X $01 CLEAR BREAK

* WAIT FOR FIRST CHARACTER (USERS SEND S$FF)
bf95 1f 2e 20 fc BRCLR SCSR,X $20 * WAIT FOR RDRF
bf99 a6 2f LDAA SCDAT,X READ DATA

* IF DATA = $00 (BREAK OR $00), THEN JUMP TO EEPROM
bf9% 26 03 BNE NOTZERO
b£f9d 7e £8 00 JMP EEPSTR
bfal NOTZERO EQU *

* IF DATA = $55, THEN SKIP DOWNLOAD (TEST MODE)
bfa0 81 55 CMPA #$55
bfa2 27 1le BEQ STAR
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* IF DATA = $FF, THEN /16 IS CORRECT BAUD

bfa4 81 ff CMPA  #SFF
bfa6 27 03 BEQ BAUDOK
* ELSE CHANGE TO /104 (/13 & /8) 1200 @ 2MHZ
bfa8 1c 2b 33 BSET BAUD,X $33
* THEN DOWNLOAD 256 BYTE PROGRAM
bfab BAUDOK EQU *
bfab 18 ce 00 00 LDY #50000 INIT POINTER
* READ IN PROGRAM AND PUT INTO RAM
bfaf BK2 EQU *
bfaf 1f 2e 20 fc BRCLR SCSR,X $20 * WAIT FOR RDRF
bfb3 a6 2f LDAA SCDAT,X
bfb5 18 a7 00 STAA $00,Y
bfb8 a7 2f STAA SCDAT,X HANDSHAKE
bfba 18 08 INY
* UNTIL THE END IS REACHED
bfbc 18 8c 01 00 CPY #50100
bfc0 26 ed BNE BK2

KRR KIRKKK KRR KRR R KK RRK KRR KRR RR KRR ARk kkk ok
* ALL START USER'S PROGRAM

bfc2 STAR EQU *

bfc2 7e 00 00 JMP $0000

Ahkhkkkkkkkkkkhkhhkrkhkhkhkkhkkhkkhkhkkkkkhkhkkkkhkkhkkkkkhkhkkkkk

* EEPROM ERASE SUBROUTINE
*
* ASSUMES CALLING ROUTINE HAS ALREADY SET ERASE
* AND EELAT BITS, AS WELL AS ACCESSED CONFIG REG
* IF THAT IS TO BE ERASED
*
* ENTRY X=$1000
* EXIT X=$1000, Y=$0000
bfcS ERASE EQU *
* SET EEPGM BIT
bfc5 1c 3b 01 BSET PPROG,X $01
* 10 MILLISEC DELAY @ 2.1 MHZ
bfc8 18 ce 0b b8 LDY #3000
bfcc 18 09 BK1 DEY
bfce 26 fc BNE BK1
* TURN OFF EEPGM, ERASE AND EELAT BITS
bfd0 6f 3b CLR PPROG, X
bfd2 39 RTS
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bfd4 ORG $BFD4 NEEDED IF BOOT ROM < MAX
T T T T e T e T

* MASK I.D. FOR '811E2 WITH SECURITY
bfd4 e2 5c FDB SE25C (5C = SC FOR SECURITY)

Kdkkhkhkhkkhkkhkhkkkk kA Ak hkkkhkkkkkkhkkhkkhkkhkkhkkhkhkhkhkkkkkkkx

* VECTORS
bfdé 00 c4 FDB $100-60 SCI
b£fd8 00 c7 FDB $100-57 SPI
bfda 00 ca FDB $100-54 PULSE ACCUM INPUT EDGE
bfdc 00 cd FDB $100-51 PULSE ACCUM OVERFLOW
bfde 00 40 FDB $100-48 TIMER OVERFLOW
bfe0 00 d3 FDB $100-45 TIMER OUTPUT COMPARE 5
bfe2 00 d6 FDB $100-42 TIMER OUTPUT COMPARE 4
bfe4 00 49 FDB $100-39 TIMER OUTPUT COMPARE 3
bfe6é 00 dc FDB $100-36 TIMER OUTPUT COMPARE 2
bfe8 00 df FDB $100-33 TIMER OUTPUT COMPARE 1
bfea 00 e2 FDB $100-30 TIMER INPUT CAPTURE 3
bfec 00 e5 FDB $100-27 TIMER INPUT CAPTURE 2
bfee 00 e8 FDB $100-24 TIMER INPUT CAPTURE 1
bff0 00 eb FDB $100-21 REAL TIME INT
bff2 00 ee FDB $100-18 IRQ
bff4 00 £f1 FDB $100-15 XIRQ
bff6 00 £4 FDB $100-12 SWI
bff8 00 £7 FDB $100-9 ILLEGAL OP-CODE
bffa 00 fa FDB $100-6 COP FAIL
bffc 00 fd FDB $100-3 CLOCK MONITOR
bffe bf 40 FDB $BF40 RESET

* END
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0008
0009
0016
0028
002b
002¢
0024
002e
002f
003b
003e
003f

b600
bT££

0000
01££f

0db0
021b

MOTOROLA

* BOOTLOADER FIRMWARE FOR 68HC11E9 - NO SECURITY

o de g o o o vk % % o o ok %k e o e ke % o ok 3k A ok 3k vk e ok sk ok ok ok ok ok ok ko ok T ke ok ok ok o ok ok ok ok ok o ok ok ok

* Tue Jan 12 17:08:00 CST 1988
L2 2222222222222 22222 2222222222 2322222223232 2222222222%03

Je Jc e Je J Je e dk ke g ok ke ok ke sk ok ok e ok ke vk ke gk ok ke ok ok ke ok ok ki ke ki ok e ok ke ok ok ko ok

* THIS NEW VERSION ALLOWS VARIABLE LENGTH DOWNLOAD
* BY QUITTING RECEPTION OF CHARACTERS WHEN AN IDLE

* OF AT LEAST FOUR WORD TIMES OCCURS
I T T T T T T

* EQUATES FOR USE WITH INDEX OFFSET = $1000

PORTD EQU $08

DDRD EQU $09

TOC1 EQU $16 [EXTRA STORAGE (POOR STYLE)]
SPCR EQU $28 (FOR 'DWOM BIT)
BAUD EQU $2B

SCCR1 EQU $2¢c

SCCR2 EQU $2D

SCSR EQU $2E

SCDAT EQU $2F

PPROG EQU $3B

TEST1 EQU $3E

CONFIG EQU $3F

* MORE EQUATES

*

EEPSTR EQU  $B600 START OF EEPROM
EEPEND EQU $B7FF  END OF EEPROM

RAMSTR EQU $0000
RAMEND EQU $O1FF

DELAYS EQU 3504 DELAY AT SLOW BAUD
DELAYF EQU 539 DELAY AT FAST BAUD

ARKRA KRR AR A A KRR AR A AR KRR AR ARk kA kkkhkkkkkkkk

THIS BOOTSTRAP PROGRAM ALLOWS THE USER TO
DOWNLOAD A PROGRAM OF 0 - 512 BYTES.

THE PROGRAM MUST START AT $0000.

EACH BYTE OF THE PROGRAM IS RECEIVED BY THE SCI.
THE FIRST BYTE ESTABLISHES BAUD RATE.

THEN THE PROGRAM IS DOWNLOADED STARTING WITH
THE $0000 BYTE AND WORKING UP TOWARD THE $01FF
A DELAY OF FOUR WORD TIMES (AT EITHER BAUD RATE)
CAUSES THE RECEPTION OF CHARACTERS TO STOP AND
A JUMP TO $0000.

THE TRANSMITTER WILL BE USED FOR THE PURPOSE

OF COMMUNICATION TO THE OUTSIDE WORLD.
AERRRKKRRRRRRRRRRRARRARRRRRAARRR AR AR AR Ak kAR Rk Rk Kk Kk

* % % % % % % % % X ¥ ¥ *
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bf40 ORG $BF40
bf40 BEGIN EQU *

* INIT STACK
bf40 8e 01 f£f LDS #RAMEND

* INIT X REG FOR INDEXED ACCESS TO REGISTERS
bf43 ce 10 00 LDX #$1000

* PUT PORT D IN WIRE OR MODE
bf46 1lc 28 20 BSET SPCR,X $20

* INIT SCI AND RESTART BAUD DIVIDER CHAIN
bf49 cc a2 0Oc LDD #$A20C DIV BY 16
bf4c a7 2b STAA BAUD,X

* RECEIVER & TRANSMITTER ENABLED
bf4e e7 24 STAB SCCR2,X

* SET UP DELAY FOR FASTEST BAUD RATE
bf50 cc 02 1b LDD #DELAYF
bf53 ed 16 STD TOC1,X

* SEND BREAK TO SIGNAL START OF DOWNLOAD
b£f55 1c 24 01 BSET SCCR2,X $01

* CLEAR BREAK AS SOON AS START BIT IS DETECTED
bf58 le 08 01 fc BRSET PORTD,X $01 *
bf5c 1d 24 01 BCLR SCCR2,X $01 CLEAR BREAK

* WAIT FOR FIRST CHARACTER (USERS SEND S$FF)
bfS5f 1f 2e 20 fc BRCLR SCSR,X $20 * WAIT FOR RDRF
bf63 a6 2f LDAA SCDAT,X READ DATA

* IF DATA = $00 (BREAK OR $00), THEN JUMP TO EEPROM
bf65 26 03 BNE NOTZERO
bf67 7e b6 00 JMP EEPSTR
bfé6a NOTZERO EQU *

* IF DATA = $FF, THEN /16 IS CORRECT BAUD
bf6a 81 ff CMPA #S$FF
bféc 27 08 BEQ BAUDOK

* ELSE CHANGE TO /104 (/13 & /8) 1200 @ 2MHZ
bf6e 1lc 2b 33 BSET BAUD,X $33

* SET UP DELAY FOR SLOWER BAUD RATE
bf71 cc 0d b0 LDD #DELAYS
bf74 ed 16 STD TOC1,X
bf76 BAUDOK EQU *
bf76 18 ce 00 00 LDY #RAMSTR POINTER TO START OF RAM
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bf7a
bf7c
b£80
bf8l
b£f82
bf83
b£f85

bf87
bf89
bf8c
bf8e
b£90
bf94

b£f96
bf96

bfd2

bfd2
bfd4

bfdé
bfds
bfda
bfdc
bfde
bfe0
bfe2
bfe4
bfe6
bfe8
bfea
bfec
bfee
bff0
bff2
bff4
bffé
bffs8
bffa
bffc
bffe

ec
le
8f
09
8f
26
20

a6
18
a7
18
18
26

Te

00
e9

00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
bf

16
2e

£7
0f

2f
a7
2f
08
8c
e4

00

00
e9

c4
c?
ca
cd
do
d3
de6
d9
dc
df
e2
e5
e8
eb
ee
f1
f4
£7
fa
fd
40

MOTOROLA

20 07

00

02 00

00

* TIME EACH BYTE
WAIT LDD TOC1, X PUT DELAY TIME IN ACCD
WTLOOP BRSET SCSR,X $20 NEWONE

XGDX DELAY INTO X

DEX DECREMENT DELAY
XGDX RETURN DELAY TO ACCD
BNE WTLOOP

BRA STAR DID NOT TIME OUT

* READ IN BYTE AND PUT INTO RAM
NEWONE LDAA SCDAT,X
STAA $00,Y
STAA SCDAT,X HANDSHAKE
INY
CPY #RAMEND+1
BNE WAIT
P L T T T T e T e ey
* ALL START USER'S PROGRAM
STAR EQU *
JMP RAMSTR

ORG  $BFD2
EE 2222222222222 222222222222 s s s S e
* MASK I.D. #

FDB  $0000

FDB  $E9E9 E9 I.D.
E2 22222222222 2222222222222 2222222222222 S S

* VECTORS
*

FDB $100-60 SCI

FDB $100-57 SPI

FDB $100-54 PULSE ACCUM INPUT EDGE
FDB $100-51 PULSE ACCUM OVERFLOW
FDB $100-48 TIMER OVERFLOW

FDB $100-45 TIMER OUTPUT COMPARE 5
FDB $100-42 TIMER OUTPUT COMPARE 4
FDB $100-39 TIMER OUTPUT COMPARE 3
FDB $100-36 TIMER OUTPUT COMPARE 2
FDB $100-33 TIMER OUTPUT COMPARE 1
FDB $100-30 TIMER INPUT CAPTURE 3
FDB $100-27 TIMER INPUT CAPTURE 2
FDB $100-24 TIMER INPUT CAPTURE 1
FDB $100-21 REAL TIME INT

FDB $100-18 IRQ

FDB $100-15 XIRQ

FDB $100-12 SWI

FDB $100-9 ILLEGAL OP-CODE

FDB $100-6 COP FAIL

FDB $100-3 CLOCK MONITOR

FDB #BEGIN RESET
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* BOOTLOADER FIRMWARE FOR 68HC11E9 - SECURED VERSION

LA 22 2222 2 222 2222222222 2222222222222 22323223221

* Tue Oct 25 16:38:50 CDT 1988
(222222222222 222222222223 2223232222222 22 2222322222323 23

TARREARRERERRRNRR R R RRR R R RN AR AR R AR RRRR AR R ANRAR R RN AN
* THIS NEW VERSION ALLOWS VARIABLE LENGTH DOWNLOAD

* BY QUITTING RECEPTION OF CHARACTERS WHEN AN IDLE

* OF AT LEAST FOUR WORD TIMES OCCURS
L T T e e T R T T T T T e e ey

* EQUATES FOR USE WITH INDEX OFFSET = $1000

0008 PORTD EQU $08
0009 DDRD EQU $09 )
0016 TOC1 EQU $16 [EXTRA STORAGE (POOR STYLE)]
0028 SPCR EQU $28 (FOR DWOM BIT)
002b BAUD EQU $2B
002c SCCR1 EQU s$2c
002d SCCR2 EQU $2p
002e SCSR EQU $2E
" 002£ SCDAT EQU $2F
0035 BPROT EQU $35
003b PPROG EQU $3B
003e TEST1 EQU $3E
003f CONFIG EQU $3F

* MORE EQUATES
*

b600 EEPSTR EQU $B600 START OF EEPROM '
b7£f EEPEND EQU $B7FF END OF EEPROM

0000 RAMSTR EQU $0000

01ff RAMEND EQU $O1FF

0db0 DELAYS EQU 3504 DELAY AT SLOW BAUD
021b DELAYF EQU 539 DELAY AT FAST BAUD

b2 2222222222222 22222222222 22222 222222222222 22 2] ]

THIS BOOTSTRAP PROGRAM ALLOWS THE USER TO
DOWNLOAD A PROGRAM OF 0 - 512 BYTES.

THE PROGRAM MUST START AT $0000.

EACH BYTE OF THE PROGRAM IS RECEIVED BY THE SCI.
THE FIRST BYTE ESTABLISHES BAUD RATE.

THEN THE PROGRAM IS DOWNLOADED STARTING WITH
THE $0000 BYTE AND WORKING UP TOWARD THE $01FF
A DELAY OF FOUR WORD TIMES (AT EITHER BAUD RATE)
CAUSES THE RECEPTION OF CHARACTERS TO STOP AND
A JUMP TO $0000.

%* % % % X X N N ¥ ¥ X ¥

SCI TRANSMITTER USED TO ECHO TO OUTSIDE WORLD
B I e e e e T e
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b£f40 ORG $BF40
b£f40 BEGIN EQU *
* INIT STACK
bf40 8e 01 ff LDS #S01FF
* INIT X REG FOR INDEXED ACCESS TO REGISTERS
bf43 ce 10 00 LDX #51000
* PUT PORT D IN WIRE OR MODE
bf46 1c 28 20 BSET SPCR,X $20
* INIT SCI AND RESTART BAUD DIVIDER CHAIN
bf49 cc a2 Oc LDD #$A20C DIV BY 16
bfdc a7 2b STAA BAUD,X
* RECEIVER & TRANSMITTER ENABLED
bf4e e7 24 STAB SCCR2,X

* TEST THE SECURITY BIT
bf50 1e 3f 08 35 BRSET CONFIG,X $08 NOSEC

% % Kk ok Kk Kk Kk Kk Kk Kk ok ok ok kK ko kK k kK k% ok %k kK 3k k% ok Kk ok %k ok ke ok ok ok ke k ok

* WE ARE IN SECURITY MODE
* OUTPUT SFF ON TRANSMITTER

bf54 AGAIN EQU *

bf54 a6 2e LDAA SCSR,X
bf56 86 ff LDAA #SFF
b£f58 a7 2f STAA SCDAT,X

* ACCA NOW IS SET FOR S$FF

* ERASE EEPROM:
* TURN OFF BLOCK PROTECT

bf5a 6f 35 CLR BPROT, X

* SET ERASE AND EELAT BITS BEFORE USING "ERASE"™
bf5c 54 LSRB CHANGE $0C TO $06
bf5d e7 3b STAB PPROG, X
bf5f £7 b6 00 STAB EEPSTR WRITE EEPROM LOCATION
bf62 8d 72 BSR ERASE

* ACCB IS NOW SET FOR $06
* ERASE CYCLE IS COMPLETE

* IF THE EEPROM IS NOT ENABLED,

* WE CAN'T CHECK THAT THE EEPROM IS ERASED
bf64 1£ 3f 01 11 BRCLR CONFIG,X $01 NOEE

* EEPROM IS ON,

* NOW CHECK THAT THE EEPROM IS ERASED

bf68 18 ce b6 00 LDY #EEPSTR
bféc LOOP EQU *
bféc 18 al 00 CMPA 0,Y (A = $FF)
* ANY UNERASED BYTE SENDS US BACK TO ERASE AGAIN
bf6f 26 e3 BNE AGAIN
bf71 18 08 INY
bf73 18 8c b8 00 CPY #EEPEND+1
bf77 26 £3 BNE LOOP
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b£79 NOEE EQU *
b2 2222222212222 2 3222232222223 222232222223 2223222222232 22]
* WRITE OVER ENTIRE RAM, EXCEPT LAST TWO BYTES WHICH
* ARE USED BY THE STACK & $0000 WHICH IS LEFT INTACT

b£79 ERAM EQU *

b£79 3¢ PSHX

bf7a ce 01 fd LDX #RAMEND -2
bf7d LOP1 EQU *

bf7d a7 00 STAA $00,X
bf7f 09 DEX

b£f80 26 fb BNE LOP1
b£82 38 PULX

L e R e I e e e T e e Tt
* NOW ERASE CONFIG REGISTER

b£f83 ECONFG EQU  *
* SET ERASE AND EELAT BITS
b£83 e7 3b STAB PPROG,X (B STILL = $06)
* WRITE CONFIG REGISTER LATCH IT FOR ERASURE
b£85 e7 3f ! STAB CONFIG, X )
b£87 8d 4d BSR ERASE

* ERASE CYCLE IS COMPLETE

hhh kA kAR ARk kb A kA ko d ol d kb kdk

* NON-SECURITY AND SECURITY MODES MEET HERE
*

b£89 NOSEC EQU *
* SET UP DELAY FOR FASTEST BAUD RATE
b£89 cc 02 1b LDD #DELAYF
bf8c ed 16 STD TOC1,X
* SEND BREAK TO SIGNAL START OF DOWNLOAD
bf8e lc 24 01 BSET SCCR2,X $01
* CLEAR BREAK AS SOON AS START BIT IS DETECTED
b£f91 le 08 01 fc ‘ BRSET PORTD,X $01 *
b£95 1d 2d 01 BCLR SCCR2,X $01 CLEAR BREAK
* WAIT FOR FIRST CHARACTER (USERS SEND S$FF)
bf98 1f 2e 20 fc BRCLR SCSR,X $20 * WAIT FOR RDRF
bf9c a6 2f LDAA SCDAT,X READ DATA
* IF DATA = $00 (BREAK OR $00), THEN JUMP TO EEPROM
bf9% 26 03 BNE NOTZERO
bfa0 7e b6 00 JMP  EEPSTR
bfa3 NOTZERO EQU *
* IF DATA = $FF, THEN /16 IS CORRECT BAUD
bfa3 81 ff CMPA #SFF
bfa5 27 08 BEQ BAUDOK
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* ELSE CHANGE TO /104 (/13 & /8) 1200 @ 2MHZ

bfa7 1c 2b 33 BSET BAUD,X $33
* SET UP DELAY FOR SLOWER BAUD RATE
bfaa cc 0d b0 LDD #DELAYS
bfad ed 16 STD TOC1,X
bfaf BAUDOK EQU *
bfaf 18 ce 00 00 LDY #RAMSTR POINTER TO START OF RAM
* TIME EACH BYTE
bfb3 ec 16 WAIT LDD TOC1, X PUT DELAY TIME IN ACCD
bfb5 le 2e 20 07 WTLOOP BRSET SCSR,X $20 NEWONE
bfb9 8f XGDX DELAY INTO X
bfba 09 DEX DECREMENT DELAY
bfbb 8f XGDX RETURN DELAY TO ACCD
bfbc 26 £7 BNE  WTLOOP
bfbe 20 0f BRA  STAR
bfcl . NEWONE EQU *
* DID NOT TIME OUT SO READ IN BYTE AND PUT INTO RAM
bfcO0 a6 2f LDAA SCDAT,X
bfc2 18 a7 00 STAA $00,Y
bfcS a7 2f£ STAA SCDAT,X HANDSHAKE
bfc7 18 08 INY
bfc9 18 8c 02 00 CPY #RAMEND+1
bfcd 26 e4 BNE WAIT

L T T T T e ey
* ALL START USER'S PROGRAM

bfct STAR EQU *

bfcf 7e 00 00 JMP RAMSTR

bfd2 ORG $BFD2
HRRKKAKRKRRRRAA KRR IR KK KRR KRR A KRR AR AR KRR KR KKk KK kX
* MASK I.D. #

bfd2 00 00 FDB  $0000

bfd4 e9 Sc FDB $E95C E9 I.D. (5C = SC FOR SECURITY)

KRR KI KKK ARKAR KKK ARKR AR AR A AR A Ak hkkhkkkkhkkhkhkkkkkkkkkkkk

* EEPROM ERASE SUBROUTINE

*

* ASSUMES CALLING ROUTINE HAS ALREADY SET ERASE AND

* EELAT BITS AND HAS ACCESSED WHATEVER IS TO BE ERASED
*

* ENTRY X=$1000

* EXIT X=$1000, Y=$0000

bfdé ERASE EQU *
bfdé 1lc 3b 01 BSET PPROG,X $01 SET EEPGM BIT
* 10 MILLISEC DELAY @ 2.1 MHZ
bfd9 18 ce Ob b8 LDY #3000
bfdd 18 09 BK1 DEY
bfdf 26 fc BNE BKl
bfel 6f 3b CLR PPROG,X CLEAR ERASE & EELAT BITS

bfe3 39 RTS
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bfed
bfeb
bfe8
bfea
bfec
bfee
bf£0
bf£2
bff4
bffé
bf£8
bffa
bffc
bffe

B-24

HRRRRRRRRNRRRRRR AR R R R AR R R R AR RRRRAR AR AR AR AR R A RN AR hk
* VECTORS (FIRST SEVEN DON'T POINT TO RAM)

*

* % % X %X ¥ %
S
w

FDB

* END
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$100-60
$100-57
$100-54
$100-51
$100-48
$100-45
$100-42
$100-39
$100-36
$100-33
$100-30
$100-27
$100-24
$100-21
$100~18
$100-15
$100-12
$100-9
$100-6
$100-3
#$BF40

SCI
SPI
PULSE ACCUM INPUT EDGE
PULSE ACCUM OVERFLOW
TIMER OVERFLOW
TIMER OUTPUT COMPARE 5
TIMER OUTPUT COMPARE 4
TIMER OUTPUT COMPARE 3
TIMER OUTPUT COMPARE 2
TIMER OUTPUT COMPARE 1
TIMER INPUT CAPTURE 3
TIMER INPUT CAPTURE 2
TIMER INPUT CAPTURE 1
REAL TIME INT
IRQ
XIRQ
SWI
ILLEGAL OP-CODE
COP FAIL
CLOCK MONITOR
RESET

Sheet 5 of 5
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0008
0009
0016
0028
002b
002¢
0024
002e
002f
003b
003e
003f

fe00
ffff

6000
03ff

0db0
021b

MOTOROLA

* BOOTLOADER FIRMWARE FOR 68HC11F1 - NO SECURITY

% % Je J o J vk vk % Kk K %k Kk Kk Kk kK Kk ok Kk Kk Kk k% ko kK sk ok kK ok ok ke ok ok ok ek ok ok ok ok ok ok ok ok

* Thr Mar 10 08:49:00 CST 1988

hdkkkkkkkkkkhkkkkkkkkhkkhkkkkhkkkkkkkkkhkkhkkhkkkhkkhkkkkkkkkk

hhkkhkkhkkhkhkhkhkhkhkhkkhkhkkkhkkhkkhkhhkkhkhkhkkhkkhkkhkkhkhkhkhhkhkhkhkkikhkkhkkkk

* THIS NEW VERSION ALLOWS VARIABLE LENGTH DOWNLOAD
* BY QUITTING RECEPTION OF CHARACTERS WHEN AN IDLE

* OF AT LEAST FOUR WORD TIMES OCCURS
L T T ]

* EQUATES FOR USE WITH INDEX OFFSET = $1000

PORTD EQU $o08

DDRD EQU $09

TOC1 EQU $16 [EXTRA STORAGE (POOR STYLE) ]
SPCR EQU $28 (FOR DWOM BIT)
BAUD EQU $2B

SCCR1 EQU $2¢c

SCCR2 EQU $2D

SCSR  EQU S$2E

SCDAT EQU $2F

PPROG EQU $3B

TEST1 EQU $3E

CONFIG EQU $3F

* MORE EQUATES

*

EEPSTR EQU  $FE00 START OF EEPROM
EEPEND EQU  $FFFF END OF EEPROM

RAMSTR EQU $0000
RAMEND EQU $03FF

DELAYS EQU 3504 DELAY AT SLOW BAUD
DELAYF EQU 539 DELAY AT FAST BAUD

KKK KK AR KA A KKK AR AR AR KRR AR AR AR KRR AR AR AR ARk Ak kkk kX

THIS BOOTSTRAP PROGRAM ALLOWS THE USER TO
DOWNLOAD A PROGRAM OF 0 - 1024 BYTES.

THE PROGRAM MUST START AT $0000.

EACH BYTE OF THE PROGRAM IS RECEIVED BY THE SCI.
THE FIRST BYTE ESTABLISHES BAUD RATE.

THEN THE PROGRAM IS DOWNLOADED STARTING WITH
THE $0000 BYTE AND WORKING UP TOWARD THE $03FF
A DELAY OF FOUR WORD TIMES (AT EITHER BAUD RATE)
CAUSES THE RECEPTION OF CHARACTERS TO STOP AND
A JUMP TO $0000.

THE TRANSMITTER WILL BE USED FOR THE PURPOSE

OF COMMUNICATION TO THE OUTSIDE WORLD.
KERKKKKKRKKRRK KKK KRR K AI KR K AR KRR IR AR AA kA kkdkkkkkkkkk

¥ % % % % % % % % % % ¥ *
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bf00 ORG  $BF00
b£00 BEGIN EQU *

* INIT STACK
bf00 8e 03 ff LDS #RAMEND

* INIT X REG FOR INDEXED ACCESS TO REGISTERS
b£f03 ce 10 00 LDX  #$1000

* PUT PORT D IN WIRE OR MODE
bf06 1lc 28 20 BSET SPCR,X $20

* INIT SCI AND RESTART BAUD DIVIDER CHAIN
b£f09 cc a2 Oc LDD #SA20C DIV BY 16
bf0c a7 2b STAA BAUD,X

* RECEIVER & TRANSMITTER ENABLED
bfle e7 24 STAB SCCR2,X

* SET UP DELAY FOR FASTEST BAUD RATE
bf10 cc 02 1b LDD #DELAYF
bfl3 ed 16 STD TOC1,X

* SEND BREAK TO SIGNAL START OF DOWNLOAD
bf15 1c 24 01 BSET SCCR2,X $01

* CLEAR BREAK AS SOON AS START BIT IS DETECTED
bfl8 le 08 01 fc BRSET PORTD,X $01 *
bflc 1d 24 01 BCLR SCCR2,X $01 CLEAR BREAK

* WAIT FOR FIRST CHARACTER (USERS SEND $FF)
bflf 1f 2e 20 fc BRCLR SCSR,X $20 * WAIT FOR RDRF
bf23 a6 2f LDAA SCDAT,X READ DATA

* IF DATA = $00 (BREAK OR $00), THEN JUMP TO EEPROM
bf25 26 03 BNE. NOTZERO
bf27 7e fe 00 JMP  EEPSTR
bf2a NOTZERO EQU *

* IF DATA = $FF, THEN /16 IS CORRECT BAUD
bf2a 81 ff CMPA #S$FF
bf2c 27 08 BEQ BAUDOK

* ELSE CHANGE TO /104 (/13 & /8) 1200 @ 2MHZ
bf2e 1lc 2b 33 BSET BAUD,X $33

* SET UP DELAY FOR SLOWER BAUD RATE
b£31 cc 04 b0 LDD #DELAYS
b£f34 ed 16 STD TOC1,X

*
b£36 BAUDOK EQU  *
b£f36 18 ce 00 00 LDY #RAMSTR POINTER TO START OF RAM
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bf3a
bf3c
bf40
bf4l
bf42
bf43
bf45

bf47
bf49
bf4c
bf4e
b£50
bf54

bf56
bf56

bfd4

bfd4

bfdé
bfds
bfda
bfdc
bfde
bfel
bfe2
bfe4
bfe6
bfe8
bfea
bfec
bfee
bff0
bff2
bff4
bf£fé6
bffs8
bffa
bffc
bffe

ec
le
8f
09
8f
26
20

a6
18
a7
18
18
26

Te

f1

16
2e

£7
0f

2f
a7
2f

8c
e4

00

f1l

c4
c7
ca
cd
do
d3
dé
d9
dc
df
e2
e5
e8
eb
ee
f1
fa
£7
fa
fd
00

MOTOROLA

20 07

00

04 00

00

* TIME EACH BYTE
WAIT LDD TOC1,X PUT DELAY TIME IN ACCD
WTLOOP BRSET SCSR,X $20 NEWONE

XGDX DELAY INTO X
DEX DECREMENT DELAY
XGDX RETURN DELAY TO ACCD
BNE WTLOOP

BRA STAR

* DID NOT TIME OUT SO READ IN BYTE AND PUT INTO RAM
NEWONE LDAA SCDAT,X

STAA $00,Y

STAA SCDAT,X HANDSHAKE

INY

CPY #RAMEND+1

BNE WAIT

R e e Y e
* ALL START USER'S PROGRAM
STAR EQU *

JMP RAMSTR

ORG $BFD4
L T L T e T T
* F1 MASK I.D.

FDB SF1F1

% J % Kk % Kk %k ke J ok K K Kk ok sk Kk Kk d sk k% %k 5k sk Kk 3k Kk k% % %k ok ok d k% Kk % ok %k Kk %k ok e ok Kk Kk k ok ok

* VECTORS
*

FDB $100-60 SCI

FDB  $100-57 SPI

FDB $100-54 PULSE ACCUM INPUT EDGE
FDB  $100-51 PULSE ACCUM OVERFLOW
FDB  $100-48 TIMER OVERFLOW

FDB  $100-45 TIMER OUTPUT COMPARE 5
FDB  $100-42 TIMER OUTPUT COMPARE 4
FDB  $100-39 TIMER OUTPUT COMPARE 3
FDB  $100-36 TIMER OUTPUT COMPARE 2
FDB  $100-33 TIMER OUTPUT COMPARE 1
FDB  $100-30 TIMER INPUT CAPTURE 3
FDB  $100-27 TIMER INPUT CAPTURE 2
FDB  $100-24 TIMER INPUT CAPTURE 1
FDB  $100-21 REAL TIME INT

FDB  $100-18 IRQ

FDB  $100-15 XIRQ

FDB  $100-12 SWI

FDB  $100-9 ILLEGAL OP-CODE

FDB $100-6 COP FAIL

FDB  $100-3 CLOCK MONITOR

FDB  #BEGIN RESET
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A15-A8 Pins, 2-19-2-20, 2-32-2-34, 7-11-7-13
A/D Accuracy, 2-18, 4-18, 12-6-12-7, 12-12-12-13,
12-16-12-17
A/D Pins, 2-18-2-19, 2-25-2-26, 7-37-7-38,
12-16-12-21
Accumulator, 6-1-6-2, 6-11-6-15
Adaptive Algorithm, 4-19-4-20
ADCTL Register, 12-13-12-15
Addressing Modes, 6-6-6-11
Direct, 3-7, 6-8-6-9
Extended, 6-7-6-8
Immediate, 6-6-6-7
Indexed, 6-9-6-10
Inherent, 6-10
Relative, 6-11-6-12
Address Mark Wake Up, 9-28-9-29
Address Strobe, 2-19-2-21, 2-33, 3-19, 4-14-4-15,
7-18, 7-22-7-24, 10-6
ADPU (Bit in OPTION), 3-8-3-9, 12-11-12-12
ADR1-ADR4 Registers, 12-15-12-16
ADx Pins, 2-19-2-20, 2-32-2-34, 7-16-7-18
AN7-ANO Pins, 2-18-2-19, 2-25-2-26, 7-37-7-39,
12-16-12-17
Analog Multiplexer, 2-25-2-26, 7-37-7-38, 12-11,
12-13, 12-16
AS Pin, 2-19-2-21, 2-27, 2-33, 7-18, 7-22-7-23
Asynchronous Serial I/0, 9-1-9-35
AT-Cut Crystal, 2-12, 2-15, 2-16
Automatic Clearing Mechanism, 5-26
MODF Bit, 8-9
SCI Status Bits, 9-11-9-14
SPIF Bit, 8-8
STAF Bit, 7-43
WCOL Bit, 8-9

BAUD Register, 3-13-3-14, 9-7-9-8

Baud Rate Generator, 9-29-9-31, 10-7

Baud Rate Tolerance, 9-25-9-27

BCD, 6-2, 6-4, 6-13, 6-17, A-48-A-49

Binary-Coded Decimal, 6-2, 6-4, 6-13, 6-17,
A-48-A-49

Bit Manipulation, 6-6, 6-10, 6-14, 10-14

Bootloader ROM, 3-2-3-3, 3-11, 3-15-3-18, 4-2,
B-1-B-27

Bootstrap Mode, 3-1-3-3, 3-11-3-18

MOTOROLA
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INDEX

Bootstrap ROM, 3-2-3-3, 3-11, 3-15-3-18, 4-2,
B-1-B-27

BPROT Register, 4-10

Branch Instructions, 6-18, A-14-A-37

Branch Offset, 6-10-6-11

Break, 9-16-9-17

Bulk Erase, 4-12-4-13

Bus Timing, 7-17-7-18, 10-6

Bypass Counter, 3-12, 10-8, 10-10-10-11

Bypass Power Supply, 2-8-2-9, 2-32

BYTE (Bit in PPROG), 4-10-4-11

Byte Erase, 4-5, 4-13

—C—

CBYP (Bit in TEST1), 3-12, 10-8, 10-10-10-11
CCF (Bit in ADCTL), 12-14
CCR, 3-12, 6-4-6-6, 6-17
CD-CA (Bits in ADCTL), 12-15
CFORC Register, 7-8-7-11, 10-36-10-37
Chains (Clock Divider), 10-5-10-9
Charge Conservation, 12-1-12-10
Charge Pump, 2-30, 4-7, 4-9, 12-11-12-12
Charge Redistribution, 12-1-12-11
Charge Sharing, 12-17-12-21
Charge Trapping, 4-20-4-21
Cheater Latch, 7-8-7-10
Clock Divider Chains, 10-5-10-9
Clock Monitor, 5-9, 5-15
CME (Bit in OPTION), 3-8-3-9, 5-9
Condition Code Register, 3-12, 6-4-6-6, 6-17
CONFIG Register, 2-16, 2-32, 3-3-3-6, 3-13, 3-14,
3-18-3-22, 4-13, 4-14-4-15, 4-17, 4-22
CONFIG Mechanism, 3-3-3-4, 3-12
Configuration, 3-3-3-4, 3-12
Conversion Sequence, 12-1-12-6, 12-13-12-14
COP Watchdog, 5-7-5-9, 10-8, 10-13
Time-out Tolerance, 5-8-5-9, 10-13
COPRST Register, 5-8
Counter Bypass, 3-12, 10-8, 10-10-10-11
CPHA (Bit in SPCR), 8-2-8-3, 8-8
CPOL (Bit in SPCR), 8-2-8-3, 8-8
CPU, 6-1-6-20, A-1-A-113
Memory Mapped I/O, 6-1
Programmer’s Model, 6-1-6-2
Status Flags in CCR, 6-4-6-5, 6-18, A-14-A-37
CR1,CRO (Bits in OPTION), 3-9, 5-8-5-9, 10-13
Crystal Oscillator, 2-11-2-16, 3-9, 5-1-5-2, 5-7
CSEL (Bit in OPTION), 3-8-3-9, 4-9, 12-12-12-13
CWOM (Bit in PIOC), 2-27, 7-19-7-20, 7-44
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Data Direction, 7-5-7-6, 7-24-7-26

DDRA?7 (Bit in PACTL), 7-8-7-11, 10-34, 11-4

DDRC Register, 7-17-7-20

DDRD Register, 7-24-7-36, 8-6-8-7, 9-6-9-7

Derivatives, 1-4-1-5

Direct Page Addressing, 3-7, 4-2-4-3, 6-8-6-9

Disable Resets, 3-13, 5-7-5-8, 5-9

DISR (Bit in TEST1), 3-13, 5-7-5-8, 5-9

Divide, 5-12, 6-14, A-55-A-56

DLY (Bit in OPTION), 3-9, 10-7

Double Accumulator, 6-1-6-2

Double-Byte Read, 7-3, 10-5, 10-16

Double-Byte Write, 7-3, 10-28

DWOM (Bit in SPCR), 2-19, 3-16, 7-25-7-35,
8-5-8-6, 9-6-9-7

—E—

E, 2-11, 2-28, 7-18, 10-6
Edge Sensitive, 3-9, 5-24, 5-25
EDGxB:EDGXxA (Bits in TCTL2), 10-17
EELAT (Bit in PPROG), 4-10-4-13
EEON (Bit in CONFIG), 3-4-3-6
EEPGM (Bit in PPROG), 4-10-4-13
EEPROM, 2-16, 2-30, 3-4-3-6, 4-4-4-26
Cell, 4-5-4-6
Charge Pump, 2-30, 4-7, 4-9, 12-11-12-12
Configuration Register, 2-16, 2-32, 3-3-3-6,
3-13, 3-14, 3-18-3-22, 4-13, 4-14-4-15, 4-17,
4-22
Erasure, 4-7, 4-12-4-13, 4-17
Mapping, 2-5, 3-5-3-6, 4-4
Programming, 2-17, 2-30, 4-7-4-8, 4-12, 4-16,
417
Security, 3-4-3-5, 4-14-4-15
EGA (Bit in PIOC), 7-23, 7-44
ERASE (Bit in PPROG), 4-10-4-11
Erase-Before-Write, 4-21-4-23
EVEN (Bit in PPROG), 4-10
Expanded Mode, 2-19-2-20, 2-32-2-34, 7-17-7-18
EXTAL Pin, 2-11-2-15, 2-24-2-25, 5-1
Extended Addressing, 6-7-6-8
Extending Pulse Accumulator Range, 11-6-11-7,
11-8-11-9
Extending Timer Range, 10-23-10-26
External Reset, 5-10

—F—

FCM (Bit in TEST1), 3-13

FCOP (Bit in TEST1), 3-13

FE (Bit in SCSR), 9-14, 9-27-9-28
Flag Clearing, 5-26, 10-14

Floating Gate, 4-5-4-7

Floating Input, 2-21-2-22, 2-25-2-26
FOC5-FOC1 (Bits in CFORC), 7-8-7-11, 10-37
Forced Output Compares, 7-8-7-11, 10-36-10-37
Fractional Divide, 5-12, 6-14, A-55

Free-Running Counter, 10-5-10-9, 10-37-10-39

—G—

Gated-Time Accumulation, 11-1, 11-8-11-9, 11-10

—H—

Half Flip-Flop, 7-6-7-7

Handshake 1/0, 2-19-2-20, 7-39-7-45
Highest Priority Interrupt, 5-12-5-19
HNDS (Bit in PIOC), 7-15, 7-44
HPRIO Register, 3-2-3-3, 5-13-5-14
Hysteresis Input Buffer, 7-7

| Bit, 5-11-5-16, 5-22-5-24, 6-5, 6-17
IC3-IC1 Pins, 2-19, 2-24-2-25, 5-24, 7-7-7-8
ICxF (Bits in TFLG1), 10-16
ICxI (Bits in TMSK1), 10-16
IDLE (Bit in SCSR), 5-19, 9-10, 9-13
Idle-Line Wake Up, 9-17-9-18, 9-28
ILIE (Bit in SCCR2), 5-19, 9-10
lllegal Opcode, 3-12, 5-21-5-22
Immediate Addressing, 6-6-6-7
Index Register, 6-2-6-3, 6-9, 6-16
Indexed Addressing, 6-9-6-10
Indexed Offset, 6-2-6-3, 6-9
Inherent Addressing, 6-10
INIT Register, 3-6-3-8, 4-2-4-3, 6-8, 7-4
Input Capture, 10-2-10-4, 10-15-10-27, 10-39
Input Handshake, 7-40-7-41
Integer Divide, 5-12, 6-14, A-56
Interlocked, 7-41-7-42, 7-44
Interrupts

Bootstrap, 3-17

Flag Clearing, 5-26, 10-14

Global Inhibit Masks, 5-11-5-12, 5-22-5-24,

6-5-6-6, 6-17

Interrupt Process, 5-10-5-26

Local Enables, 5-11

Nonmaskable, 5-20-5-22

Pins, 2-17, 5-24, 7-45, 10-27, 11-9

Priority Selection, 5-12-5-19

Vector, 5-1, 5-12-5-13, 5-16-5-19
Instruction Set, 6-11-6-20, A-1-A-113
Interrupt Driven, 10-17
INVB (Bit in PIOC), 7-14-7-15, 7-45
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IRQ, 2-17, 2-30, 3-9

IRQE (Bit in OPTION), 3-9, 5-25

IRV (Bit in HPRIO), 2-32, 2-35-2-36, 3-3, 3-14-3-15,
5-14

IX (CPU Index Register X), 6-2-6-3

IY (CPU Index Register Y), 6-2-6-3

N

Latched Inputs at Port C, 7-5, 7-19-7-21, 7-39-7-43
Latchup, 2-23, 2-25, 12-16

Level Sensitive, 3-9, 5-24, 5-25

Life Expectancy (EEPROM), 4-20-4-26

LIR (Debug Aid), 2-35, 3-12

LIR Pin, 2-9-2-10, 2-27-2-28

Listing of Timer Examples, 10-41-10-56

Logic (See Pin Logic Diagrams)

LVI (Low Voltage Inhibit), 5-10-5-11

M (Bit in SCCR1), 9-9, 9-15
Mapping
EEPROM, 2-5, 3-5-3-6, 4-4
RAM and Registers, 2-36, 3-6-3-8, 4-2-4-3
External Conflicts, 2-32-2-36, 3-7-3-8, 3-19
Resolving Priority, 3-7-3-8
Mark (SCI Data High Level), 9-28
Maskable Interrupts, 5-22-5-26
MC68HC11A8 Block Diagram, 1-3
MDA (Bit in HPRIO), 3-3, 3-15, 5-13
Measuring Long Time Periods, 10-23-10-26,
11-8-11-9
Measuring Short Time Periods, 10-23
Memory Addressing Modes, 6-6-6-11
MISO Pin, 2-19, 2-27, 7-28-7-29, 8-5, 8-7
MODA Pin, 2-9-2-10, 2-27-2-28, 3-2
MODB Pin, 2-9-2-11, 2-29, 3-2
Mode Fault, 8-9-8-10
Mode Selection, 2-9, 3-1-3-3, 5-4-5-5
Modem Control, 9-12
MODF (Bit in SPSR), 8-9
MOSI Pin, 2-19, 2-27, 7-29-7-31, 8-5, 8-7
MSTR (Bit in SPCR), 8-8
MULT (Bit in ADCTL), 12-13-12-15
Multiplexed Bus, 2-19-2-20, 2-33-2-34, 7-17-7-18
Multiplexer (On A to D Inputs), 2-25-2-26,
7-37-7-38, 12-11, 12-13
Multiply (MUL) Instruction, 5-12, A-72

N —
NF (Bit in SCSR), 9-13, 9-22-9-25, 9-27-9-28

NOCOP (Bit in CONFIG), 3-4-3-5, 3-13, 5-7
Nonmaskable Interrupt, 5-20-5-22
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Normal Expanded Mode, 2-32-2-34, 3-10
Normal Modes, 3-10

Normal Single-Chip Mode, 2-30-2-31, 3-10
NOSEC (Bit in CONFIG), 3-4-3-5, 4-14
NRZ, 9-1

—_0—

0OC1D Register, 10-28, 10-33-10-34

0C1D7-0C1D3 (Bits in OC1D), 7-8-7-10,
10-33-10-34

OC1M Register, 10-28, 10-33-10-34

0C1M7-0C1M3 (Bits in OC1M), 7-8-7-10,
10-33-10-34

0C2/0C1 Pin, 2-19, 2-28, 7-8-7-11, 10-28

0C3/0C1 Pin, 2-19, 2-28, 7-8-7-11, 10-28

0C4/0C1 Pin, 2-19, 2-28, 7-8-7-11, 10-28

0C5/0C1 Pin, 2-19, 2-28, 7-8-7-11, 10-28

OCCR (Bit in TEST1), 3-12

OCxF (Bits in TFLG1), 10-29-10-30

OCx! (Bits in TMSK1), 10-29-10-30

ODD (Bit in PPROG), 4-10

Offset (Branch), 6-10-6-11

Offset (Indexed), 6-2-6-3, 6-9

OIN (Bit in PIOC), 7-44

OL5-0L2 (Bits in TCTL1), 7-8-7-11, 10-31

OM5-0M2 (Bits in TCTL1), 7-8-7-11, 10-31

Open Drain Output (See Also CWOM, DWOM,
RESET, and LIR), 2-27-2-28, 7-19-7-20

OPTION Register, 3-8-3-9, 10-13, 12-11-12-13

OR (Bit in SCSR), 5-19, 9-13, 9-27-9-28

Oscillator, 2-11-2-16, 3-9, 5-1-5-2, 5-7

Output Compare, 10-4-10-5, 10-27-10-37, 10-40

Output Handshake, 7-41-7-43

—P—

PA2-PAO Pins, 2-19, 2-24-2-25, 7-7-7-8
PA6-PA3 Pins, 2-19, 2-28, 7-8-7-9

PA7 Pin, 2-19, 2-27, 7-8-7-11

PACNT Register, 11-3, 11-11-11-12
PACTL Register, 10-12, 11-4-11-5
PAEN (Bit in PACTL), 11-4-11-5

PAIl Pin, 2-19, 2-27, 7-8-7-11, 11-56-11-6
PAIF (Bit in TFLG2), 11-56-11-6

PAIll (Bit in TMSK2), 11-5-11-6

PAMOD (Bit in PACTL), 11-1, 11-5
PAOVF (Bit in TFLG2), 11-5

PAOVI (Bit in TMSK2), 11-5

PB7-PBO Pins, 2-19-2-20, 2-28, 7-11-7-14

.PC7-PCO Pins, 2-19-2-20, 2-27, 7-16-7-22

PD5-PDO Pins, 2-19, 2-27, 3-16, 7-24-7-36,
9-18-9-20

PE7-PEO Pins, 2-18-2-19, 2-25-2-26, 7-37-7-39,
12-16-12-17

PEDGE (Bit in PACTL), 11-5
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Period of a Signal, 10-17-10-19
Periodic Interrupt, 10-11-10-12
PH2 (Internal Clock Signal), 7-18, 10-6
Phase 2 (PH2), 7-18, 10-6
Pin Assignments, 2-1-2-7
MC68HC11A8, 2-1-2-2
MC68HC11D3/711D3, 2-3
MC68HC11E2, 2-5
MC68HC11E9/711E9, 2-4
MC68HC11F1, 2-6
MC68HC24, 2-6-2-7
Pin Logic Diagrams, 7-6-7-37
AS, 7-23
Port A, 7-7, 7-9, 7-10
Port B, 7-12
Port C, 7-16, 7-19
Port D, 7-25, 7-26, 7-28, 7-30, 7-32, 7-34
Port E, 7-37
R/W, 7-14
STRA, 7-23
STRB, 7-14
Pin Protection, 2-22-2-30
Analog Input, 2-25-2-26, 12-16-12-17
Digital 110, 2-27
Digitai In/Open-Drain, 2-27-2-28
Digital Input Only, 2-24-2-25
Digital Output Only, 2-28
IRQ/VpPBULK, 2-30
MODB/VSTBY. 2-29
Pins
A15-A8, 2-19-2-20, 2-32-2-34, 7-11-7-13
AD7-ADO, 2-19-2-20, 2-32-2-34, 7-16-7-18
AN7-ANO, 2-18-2-19, 2-25-2-26, 7-37-7-39,
12-16-12-17
AS, 2-19-2-21, 2-27, 2-33, 7-18, 7-22-7-23
E, 2-11, 2-28, 7-18
EXTAL, 2-11-2-15, 2-24-2-25, 5-1
ICx, 2-19, 2-24-2-25, 5-24, 7-7-7-8
IRQ, 2-17, 2-30
LIR, 2-9-2-10, 2-27-2-28
MISO, 2-19, 2-27, 7-28-7-29, 8-5, 8-7
MODA, 2-9-2-10, 2-27-2-28, 3-2
MODB, 2-9-2-11, 2-29, 3-2
MOSI, 2-19, 2-27, 7-29-7-31, 8-5, 8-7
0OCx/0C1, 2-19, 2-28, 7-8-7-11, 10-28
PA2-PAQ, 2-19, 2-24-2-25, 7-7-7-8
PA6-PA3, 2-19, 2-28, 7-8-7-9
PA7, 2-19, 2-27, 7-8-7-11
PAI/OC1, 2-19, 2-27, 7-8-7-11, 11-5-11-6
PB7-PBO, 2-19-2-20, 2-28, 7-11-7-14
PC7-PC0, 2-19-2-20, 2-27, 7-16-7-22
PD5-PDO, 2-19, 2-27, 3-16, 7-24-7-36, 9-18-9-20
PE7-PEO, 2-18-2-19, 2-25-2-26, 7-37-7-39,
12-16-12-17
R/W, 2-19-2-21, 2-28, 2-35, 7-14
RESET, 2-16, 2-27-2-28, 5-1, 5-5-5-11
RxD, 2-19, 2-27, 7-24-7-26
SCK, 2-19, 2-27, 7-31-7-33, 8-5, 8-7
SS, 2-19, 2-27, 7-33-7-35, 8-5, 8-6
STRA, 2-19-2-21, 2-27, 7-22-7-24, 7-45°
STRB, 2-19-2-21, 2-28, 7-14-7-16, 7-45
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Pins (Continued)
TxD, 2-19, 2-27, 3-14, 7-26-7-27, 9-18-9-20
VDD, 2-8-2-9
Vpp, 2-17, 2-30
VREFH.VREFL. 2-18, 2-22, 2-25-2-26, 12-11
Vss, 2-8-2-9, 2-23
VsTBY, 2-9-2-11, 2-16, 2-29, 4-3-4-4
XIRQ, 2-17, 2-24-2-25, 5-20-5-21, 6-5-6-6
XTAL, 2-11-2-16, 2-27
PIOC Register, 3-7-3-8, 7-3, 7-43-7-45
PLCC, 2-1-2-7
PLS (Bit in PIOC), 7-44
Polled Interrupts, 10-12, 10-17
POR, 5-7
Port Replacement Unit (MC68HC24), 2-1, 2-6-2-7,
2-36, 3-7, 3-8-3-10, 7-1, 7-13, 7-15, 7-22, 7-24,
7-39
Port A Pins, 2-19, 2-24-2-25, 2-27-2-28 7-7-7-11
PORTA Register, 7-1, 7-3, 7-7-7-11
Port B Pins, 2-19-2-20, 2-28, 7-11-7-14
PORTB Register, 7-2-7-3, 7-11-7-14
Port C Pins, 2-19-2-20, 2-27, 7-16-7-22
PORTC Register, 7-2-7-3, 7-16-7-22
PORTCL Register, 7-3, 7-5, 7-19-7-22, 7-39-7-43,
7-45
Port D Pins, 2-19, 2-27, 3-16, 7-24-7-36, 9-18-9-20
PORTD Register, 7-2-7-3, 7-24-7-36, 9-6
Port E Pins, 2-18-2-19, 2-25-2-26, 7-37-7-39,
12-16-12-17
PORTE Register, 7-2-7-3, 7-37-7-39
Postscaler, 10-5-10-6, 10-8
Power Consumption, 2-21, 6-19-6-20, 10-7, A-93,
A-110-A-111
Poweron Reset, 5-7, 5-10-5-11
PPROG Register, 4-10-4-13
PR1,PRO (Bits in TMSK2), 3-8, 10-8-10-9
Prebyte, 6-6
Prescaler (Baud Rate), 9-7-9-8, 9-29-9-30
Prescaler (Main Timer), 3-8, 10-7-10-9
Program-More-Zeros, 4-16, 4-20-4-23
Programmable Prescaler, 3-8, 10-7-10-9
Programmers Model, 6-1-6-2
Programming (See EEPROM), 2-17, 2-30, 4-7-4-8,
4-12, 4-16, 4-17
Protected Registers, 3-6-3-9, 4-10
Protection Device, 2-24, 7-6-7-7
PRU, 2-1, 2-6-2-7, 2-36, 3-7, 3-8-3-10, 7-1, 7-13,
7-15, 7-22, 7-24, 7-39
PSEL3-PSELO (Bits in HPRIO), 5-14
Pseudo Vector, 3-17, 10-31-10-32
Pulse Accumulator, 11-1-11-12
Block Diagram, 11-2-11-3
Event Counting, 11-1, 11-6-11-7
Overflows, 11-2, 11-5, 11-6-11-7, 11-8-11-9,
11-10-11-11
Resolution, 11-2
Time Accumulation, 11-1, 11-8-11-9, 11-10
Pulse Width, 10-19-10-23, 11-8
Pulse Width Modulation, 10-34-10-36
Pulsed Operation, 7-41-7-42, 7-44
PWM, 10-34-10-36
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—Q—

Quantizing Error, 12-6-12-10
Queued Break, 9-16-9-17
Queued Idle, 9-17

R/W Pin, 2-19-2-21, 2-28, 2-35, 7-14
R8 (Bit in SCCR1), 9-9, 9-15
RAM, 4-2-4-4
RAM Standby, 2-9-2-11, 2-29, 4-3-4-4
RAM3-RAMO (Bits in INIT), 3-6-3-8, 4-2-4-3
RBOOT (Bit in HPRIO), 3-2-3-3, 3-15, 5-13
RC Oscillator, 4-9, 12-12-12-13
RCKB (Bit in BAUD), 3-13-3-14, 9-7-9-8
RDR Register, 5-26, 9-14
RDRF (Bit in SCSR), 5-19, 5-26, 9-12, 9-33-9-35
RE (Bit in SCCR2), 5-19, 7-24-7-26, 9-6, 9-10
Real-Time Interrupt, 10-8, 10-11-10-12
Receiver Wake Up, 9-9-9-11, 9-15, 9-17, 9-28-9-29
REG3-REGO (Bits in INIT), 3-6-3-8, 7-4
Relative Addressing, 6-11-6-12
Reset
Clock Monitor, 3-13, 5-9, 5-10
CONFIG Settings, 3-4-3-6, 5-3, 5-4
COP Watchdog, 3-13, 5-7-5-9
Determining Source of Reset, 5-5-5-6, 5-10
External Circuits, 2-16, 3-20, 5-11
External Reset, 5-10
Initial Conditions, 5-1-5-4
Poweron Reset, 5-7, 10-7
Vector, 3-19, 5-2, 5-5-5-6
RESET Pin, 2-16, 2-27-2-28, 5-1, 5-5-5-11
Return from Interrupt (RTI) Instruction, 5-12, 5-19,
6-5, 10-32, A-84
RIE (Bit in SCCR2), 5-19, 9-10
ROM, 3-4-3-5, 4-1-4-2
ROM, Bootloader, 3-2-3-3, 3-11, 3-15-3-18, 4-2,
B-1-B-27
ROMON (Bit in CONFIG), 3-4-3-5, 3-12
ROW (Bit in PPROG), 4-10-4-11
Row Erase, 4-12-4-13
RTI (See Real-Time Interrupt)
RTI (See Return from Interrupt (RTI) Instruction)
RTIF (Bit in TFLG2), 10-12
RTIl (Bit in TMSK2), 10-12
RTR1,RTRO (Bits in PACTL), 10-12
RWU (Bit in SCCR2), 9-9-9-11, 9-15, 9-17, 9-28-9-29
RxD Pin, 2-19, 2-27, 7-24-7-26

—S—

Sample and Hold, 12-1
SAR, 12-2-12-6
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SBK (Bit in SCCR2), 9-11, 9-16-9-17
SCAN (Bit in ADCTL), 12-13-12-14
SCCR1 Register, 9-9
SCCR2 Register, 9-9-9-11
SCDR Register, 9-14
SCI (Serial Communications Interface), 9-1-9-35
8/9 Bit Data Mode, 9-15
Baud Rate, 9-29-9-31
Data Sampling, 9-20-9-25
Double-Buffered Receive, 9-27
Double-Buffered Transmit, 9-12, 9-156
Extra Stop Bit, 9-15
Framing Error, 9-13, 9-14
Idle Line, 9-13
Noise Flag, 9-13, 9-21
Parity, 9-15
Preamble, 9-10, 9-17
Receiver, 9-20-9-29
Rx Block Diagram, 9-3-9-5
Transmitter, 9-14-9-20
Tx Block Diagram, 9-2-9-3
SCK Pin, 2-19, 2-27, 7-31-7-33, 8-5, 8-7
SCP1,SCPO (Bits in BAUD), 9-7-9-8, 9-29-9-31
SCR2-SCRO (Bits in BAUD), 9-8, 9-29-9-31
SCSR Register, 9-11-9-14
Security, 3-4-3-5, 3-19, 4-14-4-15
Selective-Write, 4-16, 4-20-4-25
Send Break, 9-16-9-17
Service Routine, 5-10, 10-19-10-21
Single-Chip Mode, 2-30-2-31, 3-10
SMOD (Bit in HPRIO), 3-3, 3-11-3-15, 5-13
Software Interrupt, 5-16, 5-22, 6-19, A-99
SPCR Register, 8-7-8-8
SPDR Register, 8-3, 8-6, 8-8, 8-10, 8-15
SPE (Bit in SPCR), 7-28-7-35, 8-7
Special Bootstrap Mode, 3-1-3-3, 3-11-3-18
Special Modes, 3-1, 3-11-3-22
Special Test Mode, 2-32-2-36, 3-1-3-3, 3-11-3-15,
3-18-3-22
SPI (Serial Peripheral Interface), 8-1-8-21
Block Diagram, 8-3-8-4
Double-Buffered Receive, 8-3-8-4
Error Conditions, 8-9-8-10
Pin Direction Controls, 8-4-8-7
Software Equivalent of, 8-15, 8-19-8-21
SS Between Transfers, 8-3
Transfer End Details, 8-11-8-14
Transfer Formats, 8-1-8-3
Transfer Start Details, 8-11-8-12
SPIE (Bit in SPCR), 8-7
SPIF (Bit in SPSR), 8-8-8-9, 8-13
SPR1,SPRO (Bits in SPCR), 8-8, 10-8
SPSR Register, 8-8-8-9
SS Pin, 2-19, 2-27, 7-33-7-35, 8-5, 8-6
Stack Pointer, 6-3-6-4, 6-16-6-17
Stacking CPU Registers, 5-12
STAF (Bit in PIOC), 7-43
STAI (Bit in PIOC), 7-43-7-44
Start Bit (SCI), 9-20-9-25
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STOP Instruction, 5-9, 5-21, 6-20, A-93
Stop Bit, 9-3, 9-14

Stop Disable, 5-9, 6-4, 6-5, 6-17

Stop Mode, 3-1, 3-9, 5-21

STRA Pin, 2-19-2-21, 2-27, 7-22-7-24, 7-45
STRB Pin, 2-19-2-21, 2-28, 7-14-7-16, 7-45
Strobed /0, 7-39-7-40

Successive Approximation, 12-2-12-6
SWI, 5-16, 5-22, 6-19, A-99

Synchronous Serial 1/0, 8-1-8-21

—_T—

T8 (Bit in SCCR1), 9-9, 9-15
TC (Bit in SCSR), 5-19, 9-12, 9-32-9-34
TCIE (Bit in SCCR2), 5-19, 9-10
TCLR (Bit in BAUD), 3-13-3-14, 9-7-9-8
TCNT Register, 10-5, 10-37-10-39
TCON (Bit in TEST1), 3-13
TCTL1 Register, 10-31
TCTL2 Register, 10-16-10-17
TDR Register, 5-26, 9-14
TDRE (Bit in SCSR), 5-19, 9-11-9-12, 9-32-9-33
TE (Bit in SCCR2), 5-19, 7-26-7-27, 9-7, 9-10, 9-19,
9-30-9-32
Termination of Unused Pins, 2-21-2-22
Test Control Bits, 3-2-3-3, 3-11-3-14, 9-8
Test Mode, 2-32-2-34, 3-1-3-3, 3-11-3-15,
3-18-3-22
TEST Instruction, 5-22, 6-20, A-103
TEST1 Register, 3-11-3-13
TFLG1 Register, 10-14, 10-16, 10-29-10-30
TFLG2 Register, 10-10, 10-12, 10-14, 11-5-11-6
Thick-Field Device, 2-24, 7-6-7-7
Three-State Handshake, 7-42-7-43
TIC1 Register, 10-15-10-16
TIC2 Register, 10-15-10-16
TIC3 Register, 10-15-10-16
TIE (Bit in SCCR2), 5-19, 9-10
TILOP (Bit in TEST1), 3-12
Timer, 10-1-10-56
Block Diagram, 10-2-10-3
Capture Inhibit, 10-16, 10-39
Compare Inhibit, 10-28, 10-40
Counter, 10-5-10-9, 10-37-10-39
Double-Byte Read, 10-5, 10-38
Input Capture, 10-2, 10-4, 10-15-10-27, 10-39
Output Compare, 10-4-10-5, 10-27-10-37,
10-39-10-40
Output Toggle, 10-28, 10-31, 10-37
Overflow, 10-9-10-10, 10-23-10-26
Prescaler, 10-7-10-9
Range, 10-7-10-10
Resolution, 10-7-10-9
TMSK1 Register, 10-16, 10-29-10-30
TMSK2 Register, 3-8, 10-9, 10-10, 10-12, 11-5-11-6
TOC1 Register, 10-27-10-29
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TOC2 Register, 10-27-10-29

TOC3 Register, 10-27-10-29

TOCA4 Register, 10-27-10-29

TOCS5 Register, 10-27-10-29

TOF (Bit in TFLG2), 10-10

TOI (Bit in TMSK2), 10-10

Transfer Characteristic, 12-7-12-10
Transmission Gate, 7-6, 12-11

Trapped Charge, 4-20-4-21

TxD Pin, 2-19, 2-27, 3-14, 7-26-7-27, 9-18-9-20

—U—

UART (See SCI), 9-1-9-35

—_V —

Vpp Pin, 2-8-2-9

Vector (Interrupt), 5-1, 5-12-5-13, 5-15-5-19

Vector (Reset), 3-19, 5-1, 5-2, 5-5-5-6

Visibility of Internal Reads, 2-32, 2-35-2-36, 3-3,
3-14-3-15, 5-14

Vpp, 2-17, 2-30, 4-7, 4-9-4-10

VREFH.VREFL Pins, 2-18, 2-22, 2-25-2-26

Vss, 2-8-2-9, 2-13, 2-23

VsTBY Pin, 2-9-2-11, 2-16, 2-29, 4-3-4-4

—_W—

WAI Instruction, 6-19, A-110-A-111
Wait for Interrupt, 6-19, A-110-A-111
Wait Mode, 3-1, 6-19, A-110-A-111
WAKE (Bit in SCCR1), 9-9, 9-28-9-29
Watchdog, 5-7-5-9, 10-8, 10-13

WCOL (Bit in SPSR), 8-9

Wired-OR 1/0, 2-19, 2-27, 7-44, 8-5-8-6
Write Collision, 8-10, 8-11

Write-Erase Cycles, 4-16, 4-20-4-26

_X —
X Bit, 5-11-5-12, 5-20-5-21, 6-5-6-6, 6-17

XIRQ Pin, 2-17, 2-24-2-25, 5-20-5-21, 6-5-6-6
XTAL Pin, 2-11-2-16, 2-27

—_Z

Zap, 2-22, 2-23
Zero Page Addressing, 3-7, 4-2-4-3, 6-8-6-9
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