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The M68BHC11K Family is available in a variety of packages, as shown
in Table 1-1. M6BHC11K Family Devices. Most pins on this MCU serve
two or more functions, as described in this section. Pin assignments for
the various package types are shown in Figure 2-1, Figure 2-2,
Figure 2-3, and Figure 2-4.
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PHO/PW1 []
PHL/PW2 []
PH2/PW3 []
PH3/PW4 []
PH4/CSIO []
PH5/CSGP1 [
PH6/CSGP2 []
PH7/CSPROG []
TEST16® []
XIRQVpp® []
TEST15Y []
Voo []

Vss ]
TEST14M [
PGTRIW []
PG6 []
PGS5/XA18 [
PG4/XA17 [
PG3/XA16 []
PG2/XA15 []
PGLXAL4 []
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1 PDO/R,D
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[] MODBVsrgy
] RESET

[] xTAL

[ ExTAL

[] xout

] e

[ vop

] vss

1 Pc7/DATA?
[] PC6/IDATAG
] PC5IDATAS
[1 PcaDATAS
1 Pc3/DATAS
[] PcoDATA2
] Pc1/DATAL
[1PcomATAD
1 irQ

1. Pins 20, 22, and 25 are used only during factory testing and should not be connected to external circuitry.
2. Vpp applies only to EPROM devices.

Figure 2-1. Pin Assignments for M68HC11K 84-Pin PLCC/J-Cerquad
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Central Processor Unit (CPU)

3.3.4 Stack Pointer (SP)

The stack pointer holds the 16-bit address of the next free location in the
M68HC11 CPU’s automatic program stack. This stack is a data structure
that grows downward from high memory to low memory. The stack can
be located anywhere in the address space and can be any size up to the
amount of memory available in the system. Most application programs
initialize the SP at the beginning of an application program with a load
stack (LDS) instruction. Thereafter, each time the CPU pushes a new
byte onto the stack, it decrements the SP. To pull a byte from the stack,
the CPU first increments the SP. Figure 3-2 is a summary of SP
operations.

A jump-to-subroutine (JSR) or branch-to-subroutine (BSR) instruction
pushes the address of the instruction immediately after the JSR or BSR
onto the stack, least significant byte first. The last instruction of the
subroutine is a return-from-subroutine (RTS), which pulls the previously
stored return address from the stack and loads it into the program
counter. Execution then continues at this recovered return address.

When the processor recognizes an interrupt, it finishes the current
instruction, pushes the return address (the current value in the program
counter) onto the stack, pushes all of the CPU registers onto the stack,
and continues at the address specified by the vector for the interrupt.
The interrupt service routine ends with a return-from-interrupt (RTI)
instruction, which pulls the saved registers off the stack in reverse order.
Program execution resumes at the return address with all register
contents restored.

There are instructions that push and pull the A and B accumulators and
the X and Y index registers to preserve program context. For example,
push accumulator A onto the stack when entering a subroutine that uses
accumulator A, and pull accumulator A off the stack just before leaving
the subroutine, to ensure that the contents of that register will be the
same after returning from the subroutine as it was before starting the
subroutine.

Technical Data M68HC11K Family
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Operating Modes and On-Chip Memory

Addr. Register Name Bit 7 6 5 4 3 2 1 Bit 0
: Read:
Port E Data Register "™ pg7 PE6 PE5 PE4 PE3 PE2 | PDL PDO
$000A (PORTE)  Write:
See page 143, peset: Undefined after reset
Timer Compare Force  ead:
omp | Foct | Foc2 | Foc3 | Foca | Focs 0 0 0
$000B Register (CFORC)  Write:
See page 201 peget 0 0 0 0 0 0 0 0
Output Compare 1 Read:
pu P | OC1M7 | OCIM6 | OCIM5 | OCiM4 | OCIM3 0 0 0
$000C Mask Register (OC1M)  Write:
See page 202 peget 0 0 0 0 0 0 0 0
Output Compare 1 Data R€ad:
P p | ocib7 | ociD6 | OC1D5 | OC1D4 | OC1D3 0 0 0
$000D Register (OC1D)  Write:
See page 202 peget 0 0 0 0 0 0 0 0
Timer Counter Register Read:| Bit15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8
$000E High (TCNTH)  Write:
See page 188. peger 0 0 0 0 0 0 0 0
Timer Counter Register Read: Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
$000F Low (TCNTL)  Write:
See page 188. peger 0 0 0 0 0 0 0 0
Timer Input Capture 1 R€ad:| . - - - - - - -
erinput L.ap , Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8
$0010 Register High (TIC1H)  Write:
See page 192 peget: Undefined after reset
: Read:
Timer Input Capture 1.~ ™ Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0
$0011  Register Low (TICIL)  Write:
See page 192 peget: Undefined after reset
Timer Input Capture 2 Read:| - , , , , , ,
erinput L.ap , Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8
$0012 Register High (TIC2H)  Write:
See page 192 peset: Undefined after reset
: Read:
Timer Input Capture 2. ™ Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0
$0013  Register Low (TIC2L)  Write:
See page 192 peset: Undefined after reset
Timer Input Capture 3 R€ad:| . - - - - - - -
erinput L.ap , Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8
$0014 Register High (TIC3H)  Write:
See page 192 peset: Undefined after reset

I:lz Unimplemented IIlz Reserved U = Undefined

Figure 4-1. Register and Control Bit Assignments (Sheet 2 of 11)
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Operating Modes and On-Chip Memo

$0000 0000 128-BYTE REGISTER BLOCK
007E (CAN BE REMAPPED TO ANY 4-KBYTE
BOUNDARY BY THE INIT REGISTER)
$0380 0080
EXTERNAL| EXTERNA 768 BYTES RAM
$0D80 (CAN BE REMAPPED TO ANY 4-KBYTE
51000 BOUNDARY BY THE INIT REGISTER)
037F
0D80
640 BYTES EEPROM
EXTERNAL EXTERNAL (CAN BE REMAPPED TO ANY 4-KBYTE
BOUNDARY BY THE INIT2 REGISTER)
OFFF
BOOT ROM
$A000
T A000 BEOO | (ONLY PRESENT IN
SPECIAL BOOT MODE)
24-KBYTEROM | — — — - - = -
I (%'7&08'% _____ / BFCO | speciaL MoDES
| _|_ 1 RE-MAPPEDTO | — — — — — | BFFF {?ETCETRC?F:JSP T
$2000-$7FFF
BY THE CONFIG
REGISTER)M? FFCO | NORMAL MODES
INTERRUPT
$FFCO l ————— VECTORS
SFFFF Y FFFE 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 4-3. M68HC11K4 Family Memory Map
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Operating Modes and On-Chip Memory

4.6.4 Bootloader ROM

The bootloader program occupies 512 bytes of bootstrap ROM at
addresses $BEO0-$BFFF. It is active only in special modes when the
RBOOQOT bit in the HPRIO register is set.

4.7 EPROM/OTPROM (M68HC711K4 and M68HC711KS2)

The M68BHC711K4 devices include 24 Kbytes of on-chip EPROM
(OTPROM in non-windowed packages). The M68HC711KS2 has
32 Kbytes of EPROM.

The two methods available to program the EPROM are:

« Downloading data through the serial communication interface
(SCI) in bootstrap or special test mode

* Programming individual bytes from memory
Before proceeding with programming:

e Ensure that the CONFIG register ROMON bit is set.
e Ensure that the m pin is pulled to a high level.
* Apply 12 volts to the XIRQ/Vpp pin.

Program the EPROM only at room temperature. Place an opaque label
over the quartz window on windowed parts after programming.

4.7.1 Programming the EPROM with Downloaded Data

Technical Data

The MCU can download EPROM data through the SCI while in the
special test or bootstrap modes. This can be done either with custom
software, also downloaded through the SCI, or with a built-in utility
program in bootstrap ROM. In either case, the 12-volt nominal
programming voltage must be present on the W/Vpp pin.

To use the bootstrap ROM utility, download a 3-byte program consisting
of a single jump instruction to $BF00, the starting address of the resident
EPROM programming utility. The utility program sets the X and Y index

M68HC11K Family
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Resets and Interrupts

BITIIN
CCR=1?

ERRRT Y [ stackcpu
INTERRUPT
PENDING? REGISTERS

FETCH OPCODE

STACK CPU Y
REGISTERS

ILLEGAL
OPCODE?

!

SETBIT I IN CCR
WAI v
Y INSTRUCTION? gEgCSKTEEg
FETCH VECTOR
$FFF8, $FFF9

[
'

Y

STACK CPU ANY
REGISTERS INTERRUPT
¥ PENDING?
SET BIT I IN CCR
Y
FETCH VECTOR RTI SET BIT | IN CCR
$FFF6, $FFF7 INSTRUCTION?

Y

RESOLVE INTERRUPT

RESTORE CPU

o EXECUTE THIS \P/EEO'I%EYFAO’\I%DH'I:IGELEET
FROM STACK INSTRUCTION PENDING SOURCE

Y

Technical Data

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

6.10 PortH

The state of port H pin 7 (PH7) at reset is mode dependent. In single-chip
or bootstrap modes, it is a high-impedance input; its data direction can
be changed through DDRH. In expanded and special test modes PH7 is
the program chip select line, CSPROG at reset, but can be reconfigured
for GPIO (see 11.4 Chip Selects).

Port H pins (PH[6:0]) reset to high-impedance inputs in any mode. Data
direction can be changed through DDRH. Except for the M6BHC11KS
devices, bits 6:4 can serve as chip select lines in expanded and special
test modes (see 11.4 Chip Selects). Pins 3:0 can be configured as
pulse-width modulator outputs (see 9.9 Pulse-Width Modulator
(PWM)) in any mode.

All eight port H pins have selectable internal pullup resistors (see
6.11 Internal Pullup Resistors).

Address: $007C

Bit 7 6 5 4 3 2 1 Bit 0
Read:
PH7W | PHEW | PH5W | PH4W | PH3 PH2 PH1 PHO
Write:
Reset: 0 0 0 0 0 0 0 0
Alternate Pin Function; CSPROG CSPG2 CSPG1 CSIo Pw4 PS3 pPs2 PS1

1. Not available on KS devices

Figure 6-15. Port H Data Register (PORTH)

Address: $007D

Bit 7 6 5 4 3 2 1 Bit 0
Read:
ppH7® | poHe® | poHs® | DDH4M | DDH3 DDH2 DDH1 DDHO
Write:
Reset: 0 0 0 0 0 0 0 0

1. Not available on KS devices

Figure 6-16. Port H Data Direction Register (DDRH)

DDH([7:0] — Data Direction for Port H Bits
0 = Input
1 = Output

Technical Data M68HC11K Family
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Serial Communications Interface (SCI)

* The overrun error (OR) flag is set instead of the RDRF bit when
the next byte is ready to be transferred from the receive shift
register to the RDR and the RDR is already full. The data in the
shift register is lost and the data that was already in RDR is not
disturbed.

* The noise flag (NF) is set if there is noise on any of the received
bits, including the start and stop bits. The data recovery circuit
takes three samples of each bit and indicates noise if any set of
three samples is not unanimous. NF is not set until the entire
character is received and transferred to the RDR, when RDRF is
set.

* The framing error (FE) flag is set when no stop bit is detected in
the received data character. FE is set at the same time as RDRF.
If the byte received causes both framing and overrun errors, the
processor only recognizes the overrun error. The framing error
flag inhibits further data transfer into the RDR until the flag is
cleared.

* The parity error (PE) flag indicates that the parity bit of a received
character does not match the parity calculated by hardware.

* The receiver active flag (RAF) is a read-only bit that is set during
data reception and cleared when the line goes idle. This is the only
flag cleared by hardware.

Figure 7-3 is a block diagram of the SCI receiver.

Technical Data M68HC11K Family
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Serial Peripheral Interface (SPI)

extra hardware. The SPI system can send data at up to one half of the
E-clock rate when configured as master and the full E-clock rate when
configured as a slave.

8.3 SPI Functional Description

Technical Data

The SPI is a 4-wire, full-duplex communication system. Characters are
eight bits, transmitted most significant bit (MSB) first. One master device
exchanges data with one or more slave devices. Each device selects its
mode by writing either a 1 (master) or O (slave) to the MSTR bit in the
serial peripheral control register (SPCR). As a master device transmits
data to a slave device via the MOSI (master out slave in) line, the slave
transmits data to the master via the MISO (master in slave out) line. The
master produces a common synchronization clock signal and drives iton
its SCK (serial clock) pin, which is configured as an output. The slave
SCK pin is configured as an input to receive the clock. An external logic
low signal is applied to the slave select pin (§) of each slave device for
which a particular message is intended. Devices not selected (§ high)
ignore the transmission.

Received characters are double-buffered. Serial input bits are fed into a
shift register; when the last bit is received, the completed character is
parallel-loaded to a read data buffer. This allows the next message to be
received while the current message is being read. As long as the buffer
is read before the next received character is ready to be transferred to
the buffer, no overrun condition occurs.

Transmitted characters are not double-buffered, they are written directly
to the output shift register. This means that new data for transmission
cannot be written to the shift register until the previous transmission is
complete. An attempt to write during data transmission will not go
through; the transmission in progress will proceed undisturbed, and the
MCU will set the write collision (WCOL) status bit in the serial peripheral
status register (SPSR). After the last bit of a character is shifted out, the
SPI transfer complete flag (SPIF) of the SPSR is set. This will also
generate an interrupt if the SPIE (SPI interrupt enable) bit in the SPCR
IS set.

M68HC11K Family
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Serial Peripheral Interface (SPI)

8.4 SPI Signal Descriptions

The four basic SPI signals (MISO, MOSI, SCK, and §) are discussed
for both the master and slave modes in the following paragraphs.

Every SPI output line must have its corresponding port D data direction
register (DDRD) bit set. If this bit is clear, the line is disconnected from
the SPI logic and becomes a general-purpose input line. SPI input lines
are not affected by the data direction register.

8.4.1 Master In Slave Out (MISO)

The MISO is one of two unidirectional serial data lines in the SPI. It
functions as an input in a master device and as an output in a slave
device. The MISO line of a slave device is placed in the high-impedance
state if the slave is not selected.

8.4.2 Master Out Slave In (MOSI)

This unidirectional serial data line is an output in a master device and an
input in a slave device.

8.4.3 Serial Clock (SCK)

The serial clock (SCK) synchronizes data movement both in and out of
all devices. Master and slave devices exchange a byte of information
simultaneously during a sequence of eight clock cycles. SCK is
generated by the master device so its SCK pin functions as an output.
Slave devices receive this signal through their SCK pins, which are
configured as inputs.

The SPI clock rate select bits in the master device determine the SCK
clock rate. These bits are SPR[1:0] in the serial peripheral control
register (SPCR) and SPR2 in the system configuration options 2 register
(OPT2). These bits have no effect in a slave device.

Technical Data M68HC11K Family
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Timing System
Input Capture and Output Compare Overview

PRESCALER — DIVIDE BY TCNT (HI) | TCNT (LO) D
1,4,8,16
SYSTEM A 16-BIT FREE .
. TOF
CLOCK [ PR | PRO_| RUNNING ~ COUNTER [ TOF | i
: INTERRUPT REQUESTS
16-BIT TIMER BUS
PIN
OCll (3) FUNCTIONS
= 16-BIT COMPARATOR = »HOCIF $
TOCL (HI) | TOCL (LO) [Foct | LT\ > BIT7 : gg
oc2l —
1 16-BIT COMPARATOR = »HOC2F {r\ oA
TOC2 (HI) ‘TOCZ (LO) Foc2 > BIT6 | 11 ocaoct
ocsl —j_@
|  16-BIT COMPARATOR = »H{OC3F ¢ o
BITS
TOC3 (H) | TOC3 (LO) [Focs | ) —> 5| ocaoct
0C4l —j_@
> 16-BIT COMPARATOR = »{0C4F ‘.
PAL
TOC4 (HI) ‘TOC4 (LO) [Foca | ) )——>BIT4 | »| ocaoct
14/05!
4
> 16-BIT COMPARATOR = 0cs ¢ A3
TI405  (HI) ‘TI4/05 o) | __——oHwosF [Focs | ) B3 | Icarocs
™1 16-BIT LATCH CLK —»CP L IC4 l <1070 >
14105 [ —}@
-< Ml »l BIT 2 PA2
>  16-BIT LATCH CLK | ICIF H= > fai
Tcr M) | e (o) 2l _j_@
< M 1l »l BIT 1 PAl
> 16-BIT LATCH CLK | ICoF He - Al
Tc2 (H) | Tic2 (o) cal _}@
< Ml »l BITO PAO
L »|  16-BIT LATCH CLK | IC3F H= > fas
TIC3  (HI) ‘ TIC3 (LO)
TFLG 1 CFORC TMSK 1 PORT A
STATUS FORCE OUTPUT INTERRUPT PIN CONTROL
FLAGS COMPARE  ENABLES

Figure 9-2. Capture/Compare Block Diagram
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Timing System

Technical Data M68HC11K Family

220 Timing System MOTOROLA

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



[ ]

2 |

Freescale Semiconductor, Inc.

Memory Expansion and Chip Selects
Memory Expansion Examples

Address: $005A

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

I0SA I0SB GP1SA | GP1SB | GP2SA | GP2SB PCSA PCSB
Write:
Reset: 0 0 0 0 0 0 0 0

Figure 11-14. Chip Select Clock Stretch Register (CSCSTR)
IOS[A:B] — CSIO Stretch Select Bits
GP1S[A:B] — CSGP1 Stretch Select Bits
GP2S[A:B] — CSGP2 Stretch Select Bits

PCS[A:B] — CSPROG Stretch Select Bits

Each of these pairs of bits contain the binary number of cycles of clock
stretch, as shown in Table 11-9.

Table 11-9. CSCSTR Bits Versus Clock Cycles

Bit [A:B] Clock Stretch
00 None
01 1 cycle
10 2 cycles
11 3 cycles

11.5 Memory Expansion Examples

The first example, shown in Figure 11-15 contains a system with

64 Kbytes of external memory to be accessed through a single 8-Kbyte
window. To access eight Kbytes, or 213 address locations, the CPU will
need 13 address lines, ADDR[12:0]. The number of memory banks
needed is the total memory, 64 Kbytes divided by the window size, eight
Kbytes. This yields eight memory banks, or 23. Thus, three expansion
lines are required, so expansion address lines XA[15:13] replace CPU
address lines ADDRJ[15:13]. Figure 1-1 shows a memory map and
schematic drawing of this system.

M68HC11K Family Technical Data
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CLOCKS, |

STROBES ~Voo \ Vpp- 0.8 VOLTS
0.4 VOLTS 0.4 VOLTS
= ~Vss
NOMINAL NOMINAL
TIMING — > TIMING
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INPUTS
20% OF Vpyp
NOMINAL
TIMING
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~V.
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DC TESTING
CLOCKS, v |
STROBES bb \ 70% OF Vpp
\_20% OF Vpp 20% OF Vpp
= ~Vss
SPEC SPEC
TIMING TIMING SEE NOTE 2
-- - Vpp— 0.8 VOLTS
INPUTS Y 70% OF Vpp * = ==~ === - N 7
[
SPEC X" """"" A% OFVpp: - oo - - Z --0.4VOLTS
I Y T E——
~Voo (70% OF Vpp
OUTPUTS
v L 20% OF Vpp
SS
AC TESTING
Notes:

1. Full test loads are applied during all DC electrical tests and AC timing measurements.
2. During AC timing measurements, inputs are driven to 0.4 volts and Vpp — 0.8 volts while timing
measurements are taken at the 20% and 70% of Vpp points.

Figure 12-1. Test Methods
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Figure 12-7. Port Read Timing Diagram
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Figure 12-8. Port Write Timing Diagram
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Analog-to-Digital Converter Characteristics

12.10 Analog-to-Digital Converter Characteristics

Characteristic®® Parameter Min |Absolute| f, <2.0 | fo >2.0 |Unit
MHz | MHz®

Resolution Number of bits resolved by A/D converter — 8 — — Bits

Non-linearit Maximum deviation from the ideal A/D . . +1/2 41 LSB
y transfer characteristics - -

7610 error Difference betwe'en the output of an ideal and an . . +1/2 i1 LSB
actual for zero input voltage

Full scale Difference between the output of an ideal and an
: — — +1/2 +1 LSB
error actual A/D for full-scale input voltage
i Maximum sum of non-linearity, zero error, and
Total unadjusted ) Y - - +1/2 +11/2 | LSB
error full-scale error
Qlejﬁg';lzatlon Uncertainty because of converter resolution — — +1/2 +1/2 |LSB

Difference between the actual input voltage and the

Absolute full-scale weighted equivalent of the binary output | — — +1 +2 LSB
accuracy .
code, all error sources included
Conversion .
Vv — Vv Vv
range Analog input voltage range RL RH RH \Y
\ Maximum analog reference voltage(®) \ —  |Vopt0.1)Vpp+01] V
V
VaL Minimum analog reference voltage® _Ossl — \ \ \Y
AVy Minimum difference between Vg, and VRL(3) 3 — — — V
Total time to perform a single analog-to-digital
Conversion conversion:
time E clock — 32 — — toye

Internal RC oscillator — — toye +32 | toe +32 | ps

- Conversion result never decreases with an increase
Monotonicity o o Guaranteed
in input voltage and has no missing codes

Zero Input

. Conversion result when V, = V — — —
reading In~ "RL 00 Hex
Full S(_:ale Conversion result when V|, = Vry — — FF FF Hex
reading
Continued
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