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General Description

Structure
1.5 Structure
Figure 1-1 is a block diagram of the M6BHC11K Family MCU.
Figure 1-2 is a block diagram of the M6BHC11KS devices.
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1. XOUT pin omitted on 80-pin QFP
2. Vpp applies only to EPROM devices.

Figure 1-1. M68HC11K4 Family Block Diagram
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Central Processor Unit (CPU)

Table 3-1. Instruction Set (Sheet 6 of 7)

Instruction Set

M ) o i D inti Addressing Instruction Condition Codes
nemonic peration escription Mode Opcode [ Operand [Cycles | S [ X [ H [ | N]zJVv]c
SBA Subtract B from A-BOA INH 10 — 2 - - — — | A A A A
A
SBCA (opr) Subtract with A-M-COA A IMM 82 i 2 - - — — | A A A A
Carry from A A DIR 92 |dd 3
A EXT B2 |hh 1l 4
A IND,X A2 |ff 4
A IND,Y 18 A2 |ff 5
SBCB (opr) Subtract with B-M-CO B B IMM Cc2 |ii 2 - - — — | A A A A
Carry from B B DIR D2 |dd 3
B EXT F2 |hh 1l 4
B IND,X E2 |ff 4
B IND,Y 18 E2 |ff 5
SEC Set Carry 10cC INH 0D — 2 e e 1
SEI Set Interrupt 101 INH OoF — 2 - = = 1 - = = =
Mask
SEV Set Overflow 10V INH 0B — 2 - = = = = = 1 —
Flag
STAA (opr) Store AOM A DIR 97 |dd 3 - - — — | A A 0 —
Accumulator A EXT B7 |hhll 4
A A IND,X A7 | ff 4
A IND,Y 18 A7 | ff 5
STAB (opr) Store BO M B DIR D7 |dd 3 - - — — | A A 0 —
Accumulator B EXT F7 |hh I 4
B B IND,X E7 |ff 4
B IND,Y 18 E7 |ff 5
STD (opr) Store AOMBOM+1 DIR DD |dd 4 - - — — | A A 0 —
Accumulator EXT FD |hh I 5
D IND,X ED |ff 5
IND,Y 18 ED |ff 6
STOP Stop Internal — INH CF — 2 _ = = == = = =
Clocks
STS (opr) Store Stack SPOM:M+1 DIR 9F |dd 4 _ = = = A A 0 —
Pointer EXT BF |hh I 5
IND,X AF | ff 5
IND,Y 18 AF | ff 6
STX (opr) Store Index IXOM:M+1 DIR DF |dd 4 _ = = = A A 0 —
Register X EXT FF |hh 1l 5
IND,X EF |ff 5
IND,Y CD EF |ff 6
STY (opr) Store Index IYOM:M+1 DIR 18 DF |dd 5 _ = = = A A 0 —
Register Y EXT 18 FF |hh 1l 6
IND,X 1A EF |ff 6
IND,Y 18 EF |ff 6
SUBA (opr) Subtract A-MOA A IMM 80 |ii 2 - - — — | A A A A
Memory from A DIR 90 |dd 3
A A EXT BO |hh 1l 4
A IND,X A0 |ff 4
A IND,Y 18 A0 |ff 5
SUBB (opr) Subtract B-MOB A IMM COo i 2 - — — — | A A A A
Memory from A DIR DO |dd 3
B A EXT FO |hh 1l 4
A IND,X EO |ff 4
A IND,Y 18 EO |ff 5
SUBD (opr) Subtract D-M:M+10D IMM 83 |jj kk 4 - — — — | A A A A
Memory from DIR 93 |dd 5
D EXT B3 |hh 1l 6
IND,X A3 |ff 6
IND,Y 18 A3 |ff 7
Swi Software See Figure 3-2 INH 3F — 14 —_ = = 1 _ = = =
Interrupt
TAB Transfer Ato B AO B INH 16 — 2 - — — — | A A 0 —
TAP Transfer A to A0 CCR INH 06 — 2 A 1 A A A A A A
CC Register
TBA Transfer B to A BO A INH 17 — 2 - - — — | A A 0 —
TEST TEST (Only in | Address Bus Counts INH 00 — * _ = = == = = =
Test Modes)

M68HC11K Family
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Operating Modes and On-Chip Memory
Operating Modes

4.5 Operating Modes
The two normal modes of operation in the M6BHC11K Family are:

» Single-chip mode — All port pins available for input/output (1/O);
only on-board memory accessible

* Expanded mode — Access to internal and external memory; 25
I/O pins used for interface

The two special modes of operation are:

« Bootstrap mode — A variation of single-chip mode; executes a
bootloader program in an internal bootstrap read-only memory
(ROM)

e Test mode — A variation of the expanded mode used in
production testing; allows privileged access to internal resources

The logic levels applied at reset to input pins MODA and MODB
determine the operating mode. See 4.5.5 Mode Selection.

45.1 Single-Chip Mode

In single-chip mode, the MCU functions as a self-contained
microcontroller. In this mode, all address and data activity occurs within
the MCU. Ports B, C, F, G, and H are available for general-purpose 1/O
because the external address and data buses are not required.

4.5.2 Expanded Mode

In expanded mode, the MCU uses ports B, C, F, and G to access a
64-Kbyte address space. This includes:

e The same on-chip memory addresses used in single-chip mode
e External memory

» Peripheral devices

M68HC11K Family Technical Data
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Operating Modes and On-Chip Memory
Memory Map

$0000 0000 128-BYTE REGISTER BLOCK
- (CAN BE REMAPPED TO ANY 4K
BOUNDARY BY THE INIT REGISTER)
$0480 0060
EXTERNAL EXTERNA 1.0-KBYTE RAM
$0D80 (CAN BE REMAPPED TO ANY 4-KBYTE
BOUNDARY BY THE INIT REGISTER)
$1000 -
0D80
640-BYTE EEPROM
EXTERNAL EXTERNAL (CAN BE REMAPPED TO ANY 4-KBYTE
BOUNDARY BY THE INIT2 REGISTER)
OFFF
BOOT ROM
$8000
T 8000 BEOO | (ONLY PRESENT IN
SPECIAL BOOT MODE)
PKROMI | — — — - - — -
| (%IZI?\IOBI\:IE _____ ~ | #FO0 | speciaL mopes
[ _|_ | RE-MAPPEDTO | — _— — _ — | BFFF {?ETCETRC?F?SP T
$0000-$7FFF
BY THE CONFIG
REGISTER)(/ FFCO | NORMAL MODES
INTERRUPT
$FFCO l ————— VECTORS
SFFFF Y FFFF FFFF
SINGLE-  EXPANDED BOOTSTRAP  SPECIAL

CHIP TEST
Note: 1.EPROM can be enabled in special test mode by setting the ROMON bit in the CONFIG register after reset.

Figure 4-4. M6BHC11KS2 Family Memory Map

Table 4-4 shows the default memory map addresses for the M6BHC11K
Family devices.

Table 4-4. Default Memory Map Addresses

M68HC11K Family

[7]11K4 [7]11KS2

Registers $0000-$007F $0000-$007F
RAM $0080-$037F $0080-$047F
EEPROM $0D80-$0FFF $0D80-$OFFF
ROM/EPROM $A000-$FFFF $8000-$FFFF

Technical Data

MOTOROLA

Operating Modes and On-Chip Memory
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Operating Modes and On-Chip Memory

Memory Map
Table 4-5. RAM Mapping
RAM[3:0] Address®) Address®@
0000 $0080-$037FC) $0000-$02FF
0001 $1080-$137F $1000-$12FF
0010 $2080-$237F $2000-$22FF
0011 $3080-$337F $3000-$32FF
0100 $4080-$437F $4000-$42FF
0101 $5080-$537F $5000-$52FF
0110 $6080—-$637F $6000-$62FF
0111 $7080-$737F $7000-$72FF
1000 $8080—$837F $8000-$82FF
1001 $9080-$937F $9000-$92FF
1010 $A080-$A37F $A000-$A2FF
1011 $B080-$B37F $B000-$B2FF
1100 $C080-$C37F $CO00-$C2FF
1101 $D080-$D37F $D000-$D2FF
1110 $EO080-$E37F $EO000-$E2FF
1111 $FO80-$F37F $FO00-$F2FF

1. RAM[3:0] = REG[3:0]: On the [7]11KS2, RAM address range is $x080—-$x47F.
2. RAM[3:0] # REG[3:0]: On the [7]11KS2, RAM address range is $x000-$x37F.

3. Default locations out of reset

Technical Data

MOTOROLA
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Operating Modes and On-Chip Memory

ELAT — EPROM Latch Control Bit

Setting ELAT latches the address and data of writes to the EPROM.
The EPROM cannot be read. ELAT can be read at any time. ELAT
can be written any time except when PGM = 1, which disables writes
to ELAT.
0 = EPROM address and data bus configured for normal reads.
EPROM cannot be programmed.
1 = EPROM address and data bus are configured for

programming. Address and data of writes to EPROM are
latched. EPROM cannot be read.

EXCOL — Select Extra Columns Bit

EXCOL is for factory use only and is accessible only in special test
mode. When EXCOL equals 1, extra columns can be accessed at
bit 7 and bit 0. Addresses use bits [11:5]. Bits [4:1] are ignored.

0 = User array selected

1 = Extra columns selected and user array disabled

EXROW — Select Extra Rows Bit

EXROW is for factory use only and is only accessible in special test
mode. When EXROW equals 1, two extra rows are available.
Addresses use bits [5:0]. Bits [11:6] are ignored.

0 = User array selected

1 = Extra rows selected and user array is disabled

EPGM — EPROM Programming Enable Bit

EPGM applies programming voltage (Vpp) to the EPROM. EPGM can
be read at any time. EPGM can be written only when ELAT = 1.
0 = Programming voltage to EPROM array is disconnected

1 = Programming voltage to EPROM array is connected; ELAT
cannot be changed.

Technical Data M68HC11K Family
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Operating Modes and On-Chip Memory
EEPROM and the CONFIG Register

This procedure programs one byte into EPROM. On entry, accumulator
A contains the byte of data to be programmed and X contains the target
EPROM address.

EPROG LDAB #%$20

STAB $002B Set ELAT bit to enabl e EPROM | at ches.
(EPGM nmust be 0.)

STAA $0,X Store data to EPROM address

LDAB #%$21

STAB $002B Set EPGM bit with ELAT=1
to enabl e EPROM progranm ng vol t age

JSR DLYEP Delay 1-2 ms

CLR  $002B Turn off progranm ng voltage and set to
READ node

4.8 EEPROM and the CONFIG Register

M68HC11K Family

The 640-byte on-board EEPROM is enabled by the EEON bit in the
CONFIG register and located on a 4-K boundary determined by the
INIT2 register (4.6.3 EEPROM). An internal charge pump supplies the
programming voltage for the EEPROM, eliminating the need for an
external high-voltage supply.

When appropriate bits in the BPROT register are cleared, the PPROG
register controls programming and erasing the EEPROM. The PPROG
register can be read or written at any time, but logic enforces defined
programming and erasing sequences to prevent unintentional changes
to EEPROM data. When the EELAT bit in the PPROG register is cleared,
the EEPROM can be read as if it were a ROM.

The clock source driving the charge pump is software selectable. When
the clock select (CSEL) bit in the OPTION register is 0, the E clock is
used; when CSEL is 1, an on-chip resistor-capacitor (RC) oscillator is
used.

The EEPROM programming voltage power supply voltage to the
EEPROM array is not enabled until there has been a write to PPROG
with EELAT set and PGM cleared. This must be followed by a write to a
valid EEPROM location or to the CONFIG address, and then a write to
PPROG with both the EELAT and EPGM bits set. Any attempt to set

Technical Data

MOTOROLA
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Technical Data — M68HC11K Family
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Resets and Interrupts

5.3.3.3 Arm/Reset COP Timer Circuitry Register

NOTE:

Address: $003A

Bit 7 6 5 4 3 2 1 Bit 0
Read:

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Write:
Reset: 0 0 0 0 0 0 0 0

Figure 5-3. Arm/Reset COP Timer Circuitry Register (COPRST)

To prevent a COP reset, this sequence must be completed:

1. Write $55 to COPRST to arm the COP timer clearing mechanism.
2. Write $AA to COPRST to clear the COP timer.
Performing instructions between these two steps is possible as long as

both steps are completed in the correct sequence before the timer times
out.

5.3.4 Clock Monitor Reset

Technical Data

The clock monitor can serve as a backup for the COP system. Its circuit
Is based on an internal RC time delay. If no MCU clock edges are
detected within this RC time delay, the clock monitor generates a system
reset. Because the COP needs a clock to function, it is disabled when
the clocks stop. Thus, the clock monitor system can detect clock failures
not detected by the COP system.

M68HC11K Family
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Resets and Interrupts
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Technical Data

Figure 5-8. Processing Flow Out of Reset (Sheet 2 of 2)
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Parallel Input/Output

6.3 Port A

Port A provides the I/O lines for the timer functions and pulse
accumulator. The eight port A bits (PA[7:0]) are configured as
high-impedance general-purpose inputs out of reset. Writes to DDRA
can change any of the bits to outputs. Writes to timer registers enable
the various timer functions (see Section 9. Timing System).

Address: $0000

Bit 7 6 5 4 3 2 1 Bit 0
Read:
PA7 PAG PA5 PA4 PA3 PA2 PA1 PAO
Write:
Reset: Undefined after reset
Alternate Pin Function: PAI 0ocC2 0C3 (0]07) IC4/0C5 IC1 IC2 IC3

And/or:  OC1 0OC1 0OC1 0oC1 0OC1 — — —
Figure 6-1. Port A Data Register (PORTA)

Address: $0001

Bit 7 6 5 4 3 2 1 Bit 0
Read:

DDA7 DDA6 DDA5 DDA4 DDA3 DDA2 DDA1 DDAO
Write:
Reset: 0 0 0 0 0 0 0 0

Figure 6-2. Port A Data Direction Register (DDRA)
DDA[7:0] — Data Direction for Port A Bits

0 = Input
1 = Output
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Figure 9-21. Pulse Accumulator
Registers involved in pulse accumulator operation include:
« Data direction register A (DDRA)
e Pulse accumulator control register (PACTL)
e Timer interrupt mask 2 register (TMSK2)
e Timer interrupt flag 2 (TFLG2)
e Pulse accumulator count register (PACNT)
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Memory Expansion and Chip Selects

11.4.3.3 General-Purpose Chip Select 1 Control Register

Address: $005D

Bit 7 6 5 4 3 2 1 Bit 0
Read:
G1DG2 | G1DPC | G1POL G1AV G1SZA | G1SZB | G1SCC | G1SzD
Write:
Reset: 0 0 0 0 0 0 0 0

Figure 11-9. General-Purpose Chip Select 1
Control Register (GPCS1C)

G1POL — General-Purpose Chip Select 1 Polarity Select Bit
0 = CSGP1 active low
1 = CSGP1 active high

G1AV — General-Purpose Chip Select 1 Address Valid Select Bit
0 = CSGP1 is valid during E high time.
1 = CSGP1 is valid during address valid time.

G1SZ[A:D] — General-Purpose Chip Select 1 Size Bits

They select the range of GPCSL1. Refer to Table 11-6.

Table 11-6. General-Purpose Chip Select 1 Size Control

G1SZ[A:D] Size (Bytes) (I\X;gdSlBi:tso) (l\\/l/f(l(i;dS? it:Sl)
0000 Disabled None None
0001 2K G1A[15:11] G1A[18:11]
0010 4K G1A[15:11] G1A[18:12]
0011 8K G1A[15:13] G1A[18:13]
0100 16 K G1A[15:14] G1A[18:14]
0101 32K G1A[15] G1A[18:15]
0110 64 K None G1A[18:16]
0111 128 K None G1A[18:17]
1000 256 K None G1A18
1001 512K None None
1010 Follow window 1 None None
1011 Follow window 2 None None
1100-1111 Default to 512 K None None
Technical Data M68HC11K Family
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Mechanical Data
84-Pin Plastic-Leaded Chip Carrier (Case 780)

13.3 84-Pin Plastic-Leaded Chip Carrier (Case 780)
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NOTES:
1. DATUMSL, M, AND N DETERMINED WHERE TOP OF LEAD

A SHOULDER EXITS PACKAGE BODY AT MOLD PARTING LINE.
|$|0.007 (0.18©|T| L-M@| N®| 2. DIMENSION G1TO BE MEASURED AT CLOSEST APPROACH
OF LEAD TO DATUM T, SEATING PLANE.
/,.J« 3. DIMENSIONS R AND U DO NOT INCLUDE MOLD FLASH.
ALLOWABLE MOLD FLASH IS 0.010 (0.25) PER SIDE.

R
4. DIMENSIONING AND TOLERANCING PER ANSI Y14.5M, 1982.
] |€}|O'OO7 (0'18@ | T| L-M®| N®| # 5. CONTROLLING DIMENSION: INCH.
E

6. THE PACKAGE TOP MAY BE SMALLER THAN THE PACKAGE

BOTTOM BY UP TO 0.012 (0.300). DIMENSIONS R AND U ARE
¢ DETERMINED AT THE OUTERMOST EXTREMES OF THE

e R

i) il i a4y - PLASTIC BODY EXCLUSIVE OF MOLD FLASH, TIE BAR

L) N
Gl |~ \'\ i BURRS, GATE BURRS AND INTERLEAD FLASH, BUT
J (]0.004 (0.10 INCLUDING ANY MISMATCH BETWEEN THE TOP AND
BOTTOM OF THE PLASTIC BODY.
-T- SEATING

2x Gl \ T PLANE 7. DIMENSION H DOES NOT INCLUDE DAMBAR PROTRUSION

VIEW S OR INTRUSION. THE DAMBAR PROTRUSION(S) SHALL NOT

CAUSE THE H DIMENSION TO BE GREATER THAN 0.037

(0.94). THE DAMBAR INTRUSION(S) SHALL NOT CAUSE THE
H DIMENSION TO BE SMALLER THAN 0.025 (0.635).

T

INCHES | MILLIMETERS

H |$|0'007(0'18@|T|LM©|N©| DIM[ MIN | MAX | MIN | MAX

A [1.185 [1.105 [30.10 [30.35

* B [1.185 [1.195 [30.10 [30.35

C l0.165 [0.180 | 4.20 | 4.57

E [0.000 [0.120 | 2.29 | 3.05

F [0.013 [0.021 | 033 [ 0.53

K1 G | 0.050BSC 1.27 BSC

f H [0.026 [0.032 | 0.66 | 0.81

K F |€B~|0.007 (0.18@|T| L-M@|N@| J 0020 -—lo51] —

K [0.025 — | 064 —

R [1.150 [1.156 [29.21 [29.36

VIEW S U [1.150 [1.156 [29.21 [29.36

Vv [0.042 [0.048 | 107 | 1.21

W [0.042 [0.048 [ 107 [ 1.21

X [0.042 [0.056 | 1.07 | 1.42

Y — [0.020 — | 0.50

z 2°] 10° 2°] 10°

G1]0.545 [0.565 [13.84 [14.35

K1 | 0.060 — | 152 —

R1[0.025 [0.045 [ 0.64 [ 1.14
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