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Section 1. General Description

1.1 Contents

1.2 Introduction. . . ... ... . e 17

1.3 Features. . .. ... . 18

1.2 Introduction

The MC68HC11P2 8-bit microcomputer is a member of the M68HC11
family of HCMOS microcomputers. In addition to 32kbytes of ROM, the
MC68HC11P2 contains 1kbyte of RAM and 640 bytes of EEPROM. With
its advanced timer and communication features (including Ml BUS(l))
the MC68HC11P2 is especially suitable for mobile communications and
automotive applications.

The MC68HC711P2 is an EPROM version of the MC68HC11P2, with
the User ROM replaced by a similar amount of EPROM. All references
to the MC68HC11P2 apply equally to the MC68HC711P2, unless
otherwise noted. References specific to the MC68HC711P2 are
italicised in the text.

1. The Motorola interconnect bus (Ml BUS) is a serial communications protocol which supports
distributed real-time control efficiently and with a high degree of noise immunity. It allows data

MC68HC11P2 — Rev 1.0 Technical Data

General Description
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General Description

1.3 Features

* Low power, high performance M68HC11 CPU core, with 4MHz

bus capability

» Power saving PLL clock circuit, with automatic disable during
WAIT mode

e 32kbytes of User ROM (MC68HC11P2); 32kbytes User EPROM
(MC68HC711P2)

* 1kbyte of RAM

* 640 bytes of byte-erasable User EEPROM, with on-chip charge
pump
* Upto 50 general purpose I/O lines, plus up to 12 input-only lines

* Non-multiplexed address and data buses, permitting direct access
to the full 64k address map

e 16-bit timer with 3/4 input captures and 4/5 output compares;
pulse accumulator and COP watchdog timer

* Three 8- or 9-bit SCI subsystems, two with Ml BUST capability
» SPI subsystem, with software selectable MSB/LSB first option
» 8-channel, 8-bit analog-to-digital (A/D) converter

* Four 8-bit PWM timer channels (may be concatenated to form
one, or two, 16-bit channels)

* Available in 84-pin PLCC or 84-pin CERQUAD packages

Technical Data MC68HC11P2 — Rev 1.0

General Description
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2.1 Contents

2.2 Introduction

MC68HC11P2 — Rev 1.0

2.2
2.3
2.4
2.5
2.6
2.7
2.8
2.9
2.10
2.11
2.12
2.13

Section 2. Pin Descriptions

Introduction. . . ... ... . e 21
VDD and VSS. . . .. 22
RESET . . . o 23

Crystal driver and external clock input (XTAL, EXTAL) .. .24

Eclockoutput (E).......... . 26
Phase-locked loop (XFC, VDDSYN) ................... 26
Interrupt request (IRQ) . . . ... ... i 32
Nonmaskable interrupt (XIRQ/VPPE) ... ............... 32
MODA and MODB (MODA/LIR and MODB/VSTBY) ....... 33
VRHand VRL. . ... . 34
PG7IRINN. . . 34
Portsignals. .......... . 34

The MC68HC11P2 is available in an 84-pin plastic-leaded chip carrier
(PLCC); the MC68HC711P2 is also available in an 84-pin windowed
cerquad package, to allow full use of the EPROM. Most pins on this MCU
serve two or more functions, as described in the following paragraphs.
Refer to Figure 2-1 which shows the pin assignments for both 84-pin
packages.

Technical Data
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Pin Descriptions
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PW4/PH3 []15 7100 MODALIR
RXD2/PH4 [ 16 70 1 RESET
TXD2/PH5 17 691 XFC
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TXD3/PH7 019 67 1 EXTAL
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XIRQ []21 650 E
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Figure 2-1. 84-pin PLCC/CERQUAD pinout

Power is supplied to the microcontroller via these pins. VDD is the
positive supply and VSS is ground. The MCU operates from a single 5V

(nominal) power supply.

Itis in the nature of CMOS designs that very fast signal transitions occur
on the MCU pins. These short rise and fall times place very high short-
duration current demands on the power supply. To prevent noise
problems, special care must be taken to provide good power supply
bypassing at the MCU. Bypass capacitors should have good high-

MC68HC11P2 — Rev 1.0
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Pin Descriptions
RESET

Bypassing requirements vary, depending on how heavily the MCU pins
are loaded.

The MC68HC11P2 MCU has five VDD pins and five VSS pins. One pair
of these pins is reserved for supplying power to the analog-to-digital
converter (VDD AD, VSS AD); two pairs are used for the internal logic
(VDD, VSS); the remaining two pairs supply power for the port logic on
either half of the chip (VDDL, VSSX and VDDR, VSSX). This
arrangement minimizes the injection of noise into the digital circuitry on
the chip.

An active low bidirectional control signal, RESET, acts as an input to
initialize the MCU to a known start-up state. It also acts as an open-drain
output to indicate that an internal failure has been detected in either the
clock monitor or the COP watchdog circuit. The CPU distinguishes
between internal and external reset conditions by sensing whether the
reset pin rises to a logic one in less than six E clock cycles after a reset
has occurred. It is therefore not advisable to connect an external
resistor-capacitor (RC) power-up delay circuit to the reset pin of
M68HC11 devices because the circuit charge time constant can cause
the device to misinterpret the type of reset that occurred. Refer to
Resets and Interrupts for further information.

Figure 2-2 illustrates a typical reset circuit that includes an external
switch together with a low voltage inhibit circuit, to prevent power
transitions, or RAM or EEPROM corruption.

Technical Data
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Pin Descriptions

\Y
Vpp DD

IE
4.7 k%
IN

@ - To M68HC11

MC34064 RESET
GND

3
Vop

Manual 4.7 k¥
reset

1

4.7 K L 2

1pF

IN
RESET L
— — MC34164

B N GND

I

Figure 2-2. External reset circuitry

2.5 Crystal driver and external clock input (XTAL, EXTAL)

Technical Data

These two pins provide the interface for either a crystal or a CMOS
compatible clock to control the internal clock generator circuitry. The
frequency applied to these pins must be four times higher than the
desired E clock rate (unless the PLL circuit is used to provide the E
clock).

The XTAL pin is normally left unconnected when an external CMOS
compatible clock input is connected to the EXTAL pin. However, a 10 k%
to 100 k% load resistor connected from XTAL to ground can be used to
reduce RFI noise emission. The XTAL output is normally intended to
drive only a crystal. The XTAL output can be buffered with a high-
impedance buffer, or it can be used to drive the EXTAL input of another
M68HC11 family device.

MC68HC11P2 — Rev 1.0
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Pin Descriptions
Crystal driver and external clock input (XTAL, EXTAL)

In all cases, use caution when designing circuitry associated with the
oscillator pins. Load capacitances shown in the oscillator circuits include
all stray layout capacitances. See Figure 2-3.

25 pF
EXTAL N
|
() Common crystal MBSHC 11 10 M% 4¢E I——_—l
connections crystal L—
|
XTAL |
25 pF
EXTAL—< External oscillator
(b) External oscillator
connections MBBHC11
NC or
XTAL 10-100k%¥ load L1
25 pF 220%
EXTAL [ — EXTAL
1
M68HC11 10 M. SE =
4 crystal Q M68HC11
/|
XTAL | NC or XTAL
25 pF 10-100k%4
s load

(c) One crystal driving two MCUs

Note: capacitor values include all stray capacitance.

Figure 2-3. Oscillator connections
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Pin Descriptions

2.6 E clock output (E)

E is the output connection for the internally generated E clock. The signal
from E is used as a timing reference. The frequency of the E clock output
is one quarter that of the input frequency at the XTAL and EXTAL pins
(except when the PLL is used as the clock source). When E clock output
is low, an internal process is taking place; when it is high, data is being
accessed. All clocks, including the E clock, are halted when the MCU is
in STOP mode. The E clock output can be turned off in single chip
modes to reduce the effects of RFI.

2.7 Phase-locked loop (XFC, VDDSYN)

Technical Data

The XFC and VDDSYN pins are the inputs for the on-chip PLL (phase-
locked loop) circuitry. On reset all the device clocks are derived from the
EXTAL input. The EXTAL clock is used as a reference for the PLL circuit,
which generates a clock that is a multiple of the EXTAL frequency. Once
the PLL has stabilized, alternate clocks may be selected.

VDDSYN is the power supply pin for the PLL. Connecting it high enables
the internal low frequency oscillator circuitry designed for the PLL. The
PLL has been designed particularly for use with 614.4 and 640kHz
crystals, though other values may be used. The maximum
recommended crystal frequency for PLL operation is 2MHz. Above this
frequency VDDSYN should be grounded to disable the PLL and enable
the high frequency oscillator circuit; in this state EXTAL is designed for
16MHz operation and XFC may be left unconnected.

The PLL consists of a variable bandwidth loop filter, a voltage controlled
oscillator (VCO), a feedback frequency divider and a digital phase
detector. VDDSYN is the supply voltage for the PLL and must be suitably
bypassed. The external capacitor on XFC should be located as close to
the chip as possible to minimize noise. A typical value for this capacitor
is 0.047 pF, for a crystal frequency of 614.4kHz.()

1. In general, a larger capacitor will improve the PLL'’s frequency stability, at the expense of in-
creasing the time required for it to settle (t ) at the desired frequency. For a 32kHz appli-
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Phase-locked loop (XFC, VDDSYN)

The PLL filter has two bandwidths that are automatically selected by the
PLL, if the AUTO bitin PLLCR is set. Whenever the PLL is first enabled,
the wide bandwidth mode is used. This enables the PLL frequency to
ramp up quickly. When the output frequency is near the desired value,
the filter is switched to the narrow bandwidth mode, to make the final
frequency more stable. Manual control is possible, by clearing AUTO in
PLLCR, and setting the appropriate value for BWC.

A block diagram of the PLL circuitry is given in Figure 2-4.

® Vopsw
EXTAL
L __T__ Xco L 4XCLK
tREF h |r _: Bus |C|OtCk -
Phase PCOMP | i \ selec
®—’ detect ] Loop filter = VCO | = To clock
L | generation
EXa ¥ - - - -7 circuitry
Low frequency
crystal oscillator BCS
trg ST4XCK
- VCOOUT | Module clock
Frequency divider = select —
- For SCI
and timer
EXTAL
SYNR MCS

Figure 2-4. PLL circuit

2.7.1 Synchronization of PLL with subsystems

The timer and SCI subsystems operate off the EXTAL clock, but are
accessed by the CPU relative to the internal PH2 signal. Although the
EXTAL clock is used as the reference for the PLL, the PH2 clock and the
module clocks for the timer and the SCI are not synchronized. In order
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2.7.2 Changing the PLL frequency

To change the PLL frequency it is necessary to perform the following
sequence of events, in order to prevent possible bursts of high frequency
operation during the reconfiguration of the PLL:

Switch to the low frequency bus rate (BCS = 0)
Disable the PLL (PLLON = 0)

Change the value in SYNR

Enable the PLL (PLLON =1)

Wait a time tp| | g for the PLL frequency to stabilize

o o A~ w bk

Switch to the high frequency bus rate (BCS = 1)

2.7.3 PLL registers

Two registers are used to control the operation of the MC68HC11P2
phase-locked loop circuitry. These are the PLL control register and the
synthesizer program register, each of which is described below.

2.7.3.1 PLLCR — PLL control register

Address bit7 bit6 bit5 bit4 bit3 bit2 bitl bito Soe
on reset
PLL control (PLLCR) | $002E PLLON BCS |AUTO| BWC |VCOT| MCS | LCK | WEN 1010 1000

This read/write register contains two bits that are used to enable and
disable the synthesizer and to switch from slow (EXTAL) to one of the
fast speeds. Two further bits are used to control the filter bandwidth. The
SCI and timer clock source and the slow clock for WAIT mode are also
controlled by this register.

PLLON — PLL on
1 = Switch PLL on.
0 = Switch PLL off.

Technical Data MC68HC11P2 — Rev 1.0
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This bit activates the synthesizer circuit without connecting it to the
control circuit. This allows the circuit to stabilize before it drives the
CPU clocks. PLLON is set by reset, to allow the control loop to
stabilize during power up.

PLLON cannot be cleared whilst using VCOOUT to drive the internal
processor clock, i.e. when BCS is set.

BCS — Bus clock select
1 =VCOOUT output drives the clock circuit (4XCLK).
0 = EXTAL drives the clock circuit (4XCLK).

This bit determines which signal drives the clock circuit generating the
bus clocks. Once BCS has been altered it can take up to [1.5 EXTAL
+ 1.5 VCOOUT] cycles for the change in the clock to occur. Reset
clears this bit.

PLLON and BCS have built-in safeguards so that VCOOUT cannot be
selected as the clock source (BCS =1) if the PLL is off (PLLON = 0).
Similarly, the PLL cannot be turned off (PLLON = 0) if it is on and in use
(BCS = 1). Turning the PLL on and selecting VCOOUT as the clock
source therefore requires two independent writes to PLLCR.

AUTO — Automatic bandwidth control
1 = Automatic bandwidth control selected.
0 = Manual bandwidth control selected.

AUTO selects between automatic bandwidth control circuits in the
phase detect block and manual bandwidth control. Reset sets this bit.

BWC — Bandwidth control
1 = High bandwidth control selected.
0 = Low bandwidth control selected.

Bandwidth control is under manual control only when AUTO is clear.
(When AUTO is set, BWC acts as a read-only status bit to indicate
which mode has been selected by the internal circuit.) A delay of tp| |
is required between changes to BWC. The low bandwidth driver is
always enabled, so this bit determines whether the high bandwidth
driver is on or off. On PLL start-up in automatic mode (AUTO = 1), the
high bandwidth driver is enabled (BWC = 1) by internal circuitry until
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the PLL is near the specified frequency. The high bandwidth driver is
then disabled and BWC is cleared by internal circuitry. Reset clears
this bit.

High
Auto | BWC |
0 0 off
0 1 on
1 X Auto

VCOT — VCO test (Test mode only)
1 = Loop filter operates as specified by AUTO and BWC.
0 = Low bandwidth mode of the PLL filter is disabled.

This bit is used to isolate the loop filter from the VCO for testing
purposes. VCOT is always set when AUTO = 1 when running in
automatic mode. This bit is writable only in test mode. Reset sets this
bit.

MCS — Module clock select
1 = 4XCLK is the source for the SCI and timer divider chain.
0 = EXTAL is the source for the SCI and timer divider chain.

Reset clears this bit.

LCK — Synthesizer lock detect
1 = The PLL has stabilized.
0 = The PLL is not stable.

This bit is used as an indicator for software that it is all right to set
BCS.

WEN — WAIT enable
1 = Low-power WAIT mode selected (PLL set to ‘idle’ in WAIT
mode).
0 = Do not alter the 4XCLK during WAIT mode.

This bit determines whether the 4XCLK is disconnected from
VCOOUT during WAIT and connected to EXTAL. Reset clears this
bit.

When set, the CPU will respond to a WAIT instruction by first stacking
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Any interrupt, any reset, or the assertion of RAF in any of the SCls will
allow the PLL to resume operating at the frequency specified in the

SYNR. The user must set BCS after the PLL has had time to adjust
(tpLLs)- If, for a specific SCI, the RE bit is clear, then RAF cannot

become set, hence the PLL will not resume normal operation.

2.7.3.2 SYNR — Synthesizer program register

State
on reset

Synthesizer program (SYNR) | $002F |SYNX1SYNXOSYNY5SYNY4SYNY3SYNY2SYNY1/SYNY0/0000 1011

Address bit7 bit6 bit5 bit4 bit3 bit2 bitl bitO

The PLL frequency synthesizer multiplies the frequency of the crystal
oscillator. The multiplication factor is software programmable via a loop
divider, which consists of a six-bit modulo N counter, with a further two
bit scaling factor.

The multiplication factor is given by 2(Y + 1)2%, where 0 3 X 83 and 0 8
Y 8 63.

NOTE: Exceeding recommended operating frequencies can result in

indeterminate MCU operation.

SYNX[1:0]
These bits program the binary taps (divide by 1, 2, 4 and 8). Reset
clears these bits.

SYNY[5:0]
These bits program the six-bit modulo N (1 to 64) counter. Reset sets
these bits to %001011.

NOTE: The resolution of the multiplication factors decreases by a factor of two,
as X increases:

X Y Possible multipliers
0 0-63 2,4,6,8,...,128

1 0-63 4,8,12, 16, ..., 256
2 0-63 8, 16, 24, 32, ..., 512
3 0-63 16, 32, 48, 64, ..., 1024
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2.8 Interrupt request (@)

NOTE:

The IRQ input provides a means of applying asynchronous interrupt
requests to the MCU. Either falling edge sensitive triggering or level
sensitive triggering is program selectable (OPTION register). @ is
always configured to level sensitive triggering at reset.

Connect an external pull-up resistor, typically 4.7 k%, to Vpp when IRQ
is used in a level sensitive wired-OR configuration. See also
Nonmaskable interrupt (XIRQ/VPPE).

2.9 Nonmaskable interrupt (XIRQ/VPPE)

Technical Data

The XIRQ input provides a means of requesting a non-maskable
interrupt after reset initialization. During reset, the X bit in the condition
code register (CCR) is set and any interrupt is masked until MCU
software enables it. Because the XIRQ input is level-sensitive, it can be
connected to a multiple-source wired-OR network with an external pull-
up resistor to Vpp. m is often used as a power loss detect interrupt.

Whenever XIRQ or IRQ is used with multiple interrupt sources (IRQ
must be configured for level sensitive operation if there is more than one
source of IRQ interrupt), each source must drive the interrupt input with
an open-drain type of driver to avoid contention between outputs. There
should be a single pull-up resistor near the MCU interrupt input pin
(typically 4.7 k%4). There must also be an interlock mechanism at each
interrupt source so that the source holds the interrupt line low until the
MCU recognizes and acknowledges the interrupt request. If one or more
interrupt source is still pending after the MCU services a request, the
interrupt line will still be held low and the MCU will be interrupted again
as soon as the interrupt mask bit in the MCU is cleared (normally upon
return from an interrupt). Refer to Resets and Interrupts.

The VPPE pin is used to input the external EPROM programming
voltage, which must be present during EPROM programming.
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2.10 MODA and MODB (MODA/LIR and MODB/VSTBY)

MC68HC11P2 — Rev 1.0

During reset, MODA and MODB select one of the four operating modes.
Refer to Operating Modes and On-Chip Memory.

After the operating mode has been selected, the LIR pin provides an
open-drain output to indicate that execution of an instruction has begun.
The LIR pin is normally configured for wired-OR operation (only pulls
low). In order to detect consecutive instructions in a high-speed
application, this signal can be made to drive high for a short time to
prevent false triggering. A series of E clock cycles occurs during
execution of each instruction. The LIR signal goes low during the first E
clock cycle of each instruction (opcode fetch). This output is provided for
assistance in program debugging and its operation is controlled by the
LIRDV bit in the OPT2 register.

The VSTBY pin is used to input RAM stand-by power. The MCU is
powered from the VDD pin unless the difference between the level of
VSTBY and VDD is greater than one MOS threshold (about 0.7 volts).
When these voltages differ by more than 0.7 volts, the internal 1024-byte
RAM and part of the reset logic are powered from VSTBY rather than
VDD. This allows RAM contents to be retained without VDD power
applied to the MCU. Reset must be driven low before Vpp is removed
and must remain low until Vpp has been restored to a valid level.

Vbp I 4.7k%%
Voo  Vour —1____ — ToMODB/VSTBY

pin of M68HC11

4.8 V NiCd MAX 690

——F A

Figure 2-5. RAM stand-by connections
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2.11 VRH and VRL

2.12 PG7/RIW

2.13 Port signals

Technical Data

NOTE:

These pins provide the reference voltages for the analog-to-digital
converter.

This pin provides two separate functions, depending on the operating
mode. In single chip and bootstrap modes, PG7/R/W acts as
input/output port G bit 7. Refer to Parallel Input/Output for further
information.

In exparEed and test modes, PG7/R/W performs the read/write function.
PG7/R/W signals the direction of transfers on the external data bus. A
high on this pin indicates that a read cycle is in progress.

In the 84-pin PLCC package, 62 pins are arranged into seven 8-bit ports:
A, B, C, E, F, G, and H, and one six-bit port (D). The lines of ports A, B,
C, D, F, G, and H are fully bidirectional; E is input only. Each of the
bidirectional ports serves a purpose other than I/O, depending on the
operating mode or peripheral function selected. Note that ports B, C, F,
and one bit of port G are available for I/O functions only in single chip
and bootstrap modes. Refer to Table 2-1 for details of the port signals’
functions in different operating modes.

When using the information about port functions, do not confuse pin
function with the electrical state of the pin at reset. All general-purpose
I/0O pins configured as inputs at reset are in a high-impedance state. Port
data registers reflect the functional state of the port at reset. The pin
function is mode dependent.
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Table 2-1. Port signal functions
Single chip Expanded multiplexed
Port/bit and and
bootstrap mode special test mode

PAO PAO/IC3

PA1 PA1/IC2

PA2 PA2/IC1

PA3 PA3/OC5/IC4 and/or OC1

PA4 PA4/0C4 and/or OC1

PA5 PA5/0OC3 and/or OC1

PAG6 PA6/0OC2 and/or OC1

PA7 PA7/PAI and/or OC1
PB[7:0] PB[7:0] A[15:8]
PC[7:0] PC[7:0] D[7:0]

PDO PDO/RXD1

PD1 PD1/TXD1

PD2 PD2/MISO

PD3 PD3/MOSI

PD4 PD4/SCK

PD5 PD5/SS
PE[7:0] Input only or analog inputs
PF[7:0] PF[7:0] \ A[7:0]
PG[6:0] PG[6:0]

PG7 PG7/RIW

PHO PHO/PW1

PH1 PH1/PW2

PH2 PH2/PW3

PH3 PH3/PW4

PH4 PH4/RXD2

PH5 PH5/TXD2

PH6 PH6/RXD3

PH7 PH7/TXD3

2.13.1 Port A

Port A is an 8-bit general-purpose I/O port with a data register (PORTA)
and a data direction register (DDRA). Port A pins share functions with
the 16-bit timer system (see Timing System for further information).
PORTA can be read at any time: inputs return the pin level; outputs
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2.13.2 PortB

2.13.3 PortC

Technical Data

outputs. Writes to PORTA do not change the pin state when the pins are
configured for timer output compares.

Out of reset, port A pins [7:0] are general-purpose high-impedance
inputs. When the functions associated with these pins are disabled, the
bits in DDRA govern the I/O state of the associated pin. For further
information, refer to Parallel Input/Output.

Port B is an 8-bit general-purpose I/O port with a data register (PORTB)
and a data direction register (DDRB). In single chip mode, port B pins are
general-purpose 1/O pins (PB[7:0]). In expanded mode, port B pins act
as the high-order address lines (A[15:8]) of the address bus.

PORTB can be read at any time: inputs return the pin level; outputs
return the pin driver input level. If PORTB is written, the data is stored in
internal latches. The pins are driven only if they are configured as
outputs in single chip or bootstrap mode. For further information, refer to
Parallel Input/Output.

Port B pins include on-chip pull-up devices which can be enabled or
disabled.

Port C is an 8-bit general-purpose I/O port with a data register (PORTC)
and a data direction register (DDRC). In single chip mode, port C pins
are general-purpose 1/O pins (PC[7:0]). In the expanded mode, port C
pins are configured as data bus pins (D[7:0]).

PORTC can be read at any time: inputs return the pin level; outputs
return the pin driver input level. If PORTC is written, the data is stored in
internal latches. The pins are driven only if they are configured as
outputs in single chip or bootstrap mode. Port C pins are general-
purpose inputs out of reset in single chip and bootstrap modes. In
expanded and test modes, these pins are data bus lines out of reset.
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The CWOM control bit in the OPT2 register disables port C’s P-channel
output drivers. Because the N-channel driver is not affected by CWOM,
setting CWOM causes port C to become an open-drain-type output port
suitable for wired-OR operation. In wired-OR mode (PORTC bits at logic
level zero), the pins are actively driven low by the N-channel driver.
When a port C bit is at logic level one, the associated pin is in a high
impedance state as neither the N-channel nor the P-channel devices are
active. It is customary to have an external pull-up resistor on lines that
are driven by open-drain devices. Port C can only be configured for
wired-OR operation when the MCU is in single chip mode. For further
information, refer to Parallel Input/Output.

Port D, a 6-bit general-purpose 1/0O port, has a data register (PORTD)
and a data direction register (DDRD). The six port D lines (D[5:0]) can
be used for general-purpose 1/O, for one of the serial communications
interfaces (SCI1, bits [0:1]) and for the serial peripheral interface (SPI,
bits [2:5]) subsystem.

PORTD can be read at any time: inputs return the pin level; outputs
return the pin driver input level. If PORTD is written, the data is stored in
internal latches and are driven only if port D is configured for general-
purpose output.

For further information, refer to Parallel Input/Output, Serial
Communications Interface (SCI) and Serial Peripheral Interface
(SPI).

Port E, PE/AD[7:0], is an input-only port that can also be used as the
analog inputs for the analog-to-digital converter.

For further information, refer to Parallel Input/Output and Analog-to-
Digital Converter.
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2.13.6 PortF

2.13.7 Port G

2.13.8 PortH

Technical Data

Port F is an 8-bit general-purpose 1/0 port with a data register (PORTF)
and a data direction register (DDRF). In single chip mode, port F pins are
general-purpose I/0O pins (PF[7:0]). In expanded mode, port F pins act
as the low-order address lines (A[7:0]) of the address bus.

PORTF can be read at any time: inputs return the pin level; outputs
return the pin driver input level. If PORTF is written, the data is stored in
internal latches. The pins are driven only if they are configured as
outputs in single chip or bootstrap mode.

Port F pins include on-chip pull-up devices that can be enabled or
disabled.

For further information, refer to Parallel Input/Output.

In normal modes, Port G is an 8-bit general-purpose 1/0O port with a data
register (PORTG) and a data direction register (DDRG). Port G bit 7 is
the R/W line in expanded mode; the remaining bits are always general
purpose 1/O.

PORTG can be read at any time: inputs return the pin level; outputs
return the pin driver input level. If PORTG is written, the data is stored in
internal latches.The pins are driven only if they are configured as outputs
in single chip or bootstrap mode. For further information, refer to Parallel
Input/Output.

Port G pins include on-chip pull-up devices that can be enabled or
disabled.

Port H is an 8-bit general-purpose I/O port with a data register (PORTH)
and a data direction register (DDRH). Port H pins support either
input/output, SCI2 (bits [7:6]), SCI3 (bits [5:4]), or pulse-width
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PORTH can be read at any time: inputs return the pin level; outputs
return the pin driver input level. If PORTH is written, the data is stored in
internal latches. The pins are driven only if they are configured as
outputs in single chip or bootstrap mode.

Port H pins include on-chip pull-up or pull-down devices that can be
enabled or disabled via the Port pull-up assignment register (PPAR).
Port H [7:4] have pull-up resistors; port H [3:0] have pull-down resistors.

For further information, refer to Parallel Input/Output, Serial
Communications Interface (SCI), Motorola Interconnect Bus
(Ml BUS) and Timing System.
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Section 3. Operating Modes and On-Chip Memory

3.1 Contents

3.2 Introduction

3.2 Introduction. ...... ... ... 41
3.3 Operating modes ....... ... 41
3.4 On-Chipmemory . ... ... 44
3.5 Systeminitialization. ............ ... .. . . .. 51
3.6 EPROM, EEPROM and CONFIG register ............... 64

This section contains information about the modes that define
MC68HC11P2 operating conditions, and about the on-chip memory that
allows the MCU to be configured for various applications.

3.3 Operating modes

MC68HC11P2 — Rev 1.0

The values of the mode select inputs MODB and MODA during reset
determine the operating mode. Single chip and expanded modes are the
normal modes. In single chip mode only on-board memory is available.
Expanded mode, however, allows access to external memory. Each of
these two normal modes is paired with a special mode. Bootstrap, a
variation of the single chip mode, is a special mode that executes a
bootloader program in an internal bootstrap ROM. Test is a special
mode that allows privileged access to internal resources.
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Operating Modes and On-Chip Memory

3.3.1 Single chip operating mode

In single chip operating mode, the MC68HC11P2 microcontroller has no
external address or data bus. Ports B, C, F, and the R/W pin are
available for general-purpose parallel 1/0.

3.3.2 Expanded operating mode

In expanded operating mode, the MCU can access a 64 kbyte physical
address space. The address space includes the same on-chip memory
addresses used for single chip mode, in addition to external memory and
peripheral devices.

The expansion bus is made up of ports B, C, and F, and the RIW signal.
In expanded mode, high order address bits are output on the port B pins,
low order address bits on the port F pins, and the data bus on port C. The
R/W/PG7 pin signals the direction of data transfer on the port C bus.

3.3.3 Special test mode

Special test, a variation of the expanded mode, is primarily used during
Motorola’s internal production testing; however, it is accessible for
programming the CONFIG register, programming calibration data into
EEPROM, and supporting emulation and debugging during
development.

Technical Data MC68HC11P2 — Rev 1.0
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Operating modes

3.3.4 Special bootstrap mode

When the MCU is reset in special bootstrap mode, a small on-chip ROM
is enabled at address $BE40-$BFFF. The ROM contains a reset vector
and a bootloader program. The MCU fetches the reset vector, then
executes the bootloader.

For normal use of the bootloader program, send a synchronization byte
$FF to the SCI receiver at either E clock +256, or E clock +1664 (7812
or 1200 baud respectively, for an E clock of 2MHz). Then download up
to 1024 bytes of program data (which is put into RAM starting at $0080).
These characters are echoed through the transmitter. The bootloader
program ends the download after a timeout of four character times or
1024 bytes. When loading is complete, the program jumps to location
$0080 and begins executing the code. Use of an external pull-up resistor
is required when using the SCI transmitter pin (TXD) because port D pins
are configured for wired-OR operation by the bootloader. In bootstrap
mode, the interrupt vectors point to RAM. This allows the use of
interrupts through a jump table.

Further baud rate options are available on the MC68HC11P2 by using a
different value for the synchronization byte, as shown in Table 3-1. Refer
also to Motorola application note AN1060, M68HC11 Bootstrap Mode
(the bootloader mode is similar to that used on the MC68HC11K4).

Table 3-1. Example bootloader baud rates

MC68HC11P2 — Rev 1.0

Sync. | Timeout Baud rates for an E clock of:
byte delay 2.00MHz | 2.10MHz | 3.00MHz | 3.15MHz | 4.00MHz
$FF 4 char. 7812 8192 11718 12288 15624
$FF 4 1200 1260 1800 1890 2400
$FO 4.9 9600 10080 14400 15120 19200
$FD 17.3 5208 5461 7812 8192 10416
$FD 13 3906 4096 5859 6144 7812
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3.4 On-chip memory

The MC68HC11P2 MCU includes 1024 bytes of on-chip RAM, 32kbytes
of ROM/EPROM and 640 bytes of EEPROM. The bootloader ROM
occupies a 512 byte block of the memory map. The CONFIG register is
implemented as a separate EEPROM byte.

Start

address
$0000 Register | $000  Each of these blocks
$0080 block
$x07F  can be mapped to any
$0480 RAM | $x080 4k page boundary,
$0D80 1024 bytes | ¢, 47¢ using the INIT register.
$1000
EEPROM | #¥P80  This block may be remapped
640 bytes sxFre toany 4k page, using INIT2.
BootROM | $BE40 Special Bootstrap mode only.
Vectors | ggere Special modes only.
$8000 $8000
32kbytes ROM
(MC68HC11P2) or
32kbytes EPROM
$BE40 NVM (MC68HCT711P2).
$C000 32kbytes Can be mapped to either
$0000-$7FFF or
$8000-$FFFF,
using the CONFIG register.
FFCO $FFBF
_SFFFF Vectors | ¢rrrr Normal mode vectors.
Single Expanded Special Special
chip Bootstrap Test

Figure 3-1. MC68HC11P2 memory map

3.4.1 Mapping allocations

Memory locations for on-chip resources are the same for both expanded
and single chip modes. The 128-byte register block originates at $0000
after reset and can be placed at any other 4k boundary ($x000) after
reset by writing an appropriate value to the INIT register. Refer to Figure
3-1, which shows the memory map.
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registers are both mapped to the same 4k boundary, RAM starts at
$x080 and 128 bytes are remapped at $x400-$x47F. Otherwise, RAM
starts at $x000.

Remapping is accomplished by writing appropriate values into the two
nibbles of the INIT register.

The 640-byte EEPROM is initially located at $0D80 after reset when
EEPROM is enabled in the memory map by the CONFIG register.
EEPROM can be placed at any other 4k boundary ($xD80) by writing to
the INIT2 register.

If ROM is available, the ROMAD and ROMON bits in the CONFIG
register control the position and presence of ROM in the memory map.
In special test mode, the ROMON bit is cleared so the ROM is removed
from the memory map. In single chip mode, the ROMAD bit is set to one
after reset, which enables the ROM at $8000-$FFFF. In expanded
mode, the ROM may be enabled from $0000-7FFF (ROMAD = 0) to
allow an external memory to contain the interrupt vectors and
initialization code.

In special bootstrap mode, a bootloader ROM is enabled at locations
$BE40-$BFFF. The vectors for special bootstrap mode are contained in
the bootloader program. The boot ROM occupies a 512 byte block of the
memory map, though not all locations are used.

The MC68HC11P2 has 1024 bytes of fully static RAM that are used for
storing instructions, variables and temporary data during program
execution. RAM can be placed at any 4k boundary in the 64 kbyte
address space by writing an appropriate value to the INIT register.

By default, RAM is initially located at $0080 in the memory map. Direct
addressing mode can access the first 128 locations of RAM using a one-
byte address operand. Direct mode accesses save program memory
space and execution time. Registers can be moved to other boundaries
to allow 256 bytes of RAM to be located in direct addressing space.
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The on-chip RAM is a fully static memory. RAM contents can be
preserved during periods of processor inactivity by either of two
methods, both of which reduce power consumption:

1. Duringthe software-based STOP mode, MCU clocks are stopped,
but the MCU continues to draw power from Vpp. Power supply
current is directly related to operating frequency in CMOS
integrated circuits and there is very little leakage when the clocks
are stopped. These two factors reduce power consumption while
the MCU is in STOP mode.

2. To reduce power consumption to a minimum, Vpp can be turned
off, and the MODB/VSTBY pin can be used to supply RAM power
from either a battery back-up or a second power supply. Although
this method requires external hardware, it is very effective. Refer
to Pin Descriptions for information about how to connect the
stand-by RAM power supply and to Resets and Interrupts for a
description of low power operation.

3.4.1.2 ROM and EPROM

The MC68HC11P2 MCU has 32kbytes of ROM/EPROM. The
ROM/EPROM array is enabled when the ROMON bit in the CONFIG
register is set to one (erased). The ROMAD bit in CONFIG places the
ROM/EPROM at either $8000—-$FFFF out of reset (ROMAD = 1) or at
$0000-$7FFF (ROMAD = 0) in expanded mode.

3.4.1.3 Bootloader ROM

The bootloader ROM is enabled at address $BE40—$BFFF during
special bootstrap mode. The reset vector is fetched from this ROM and
the MCU executes the bootloader firmware. In normal modes, the
bootloader ROM is disabled.
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3.4.2 Registers

In Table 3-2, a summary of registers and control bits, the registers are
shown in ascending order within the 128-byte register block. The
addresses shown are for default block mapping ($0000-$007F),
however, the INIT register remaps the block to any 4k page
($x000-$x07F).

Table 3-2. Register and control bit assignments (Sheet 1 of 4)

Register name Address| bit7 | bit6 | bit5 | bit4 | bit3 | bit2 | bit1 | bit0 Oftraet:et

Port A data (PORTA) $0000 | PA7 | PA6 | PA5 | PA4 | PA3 | PA2 | PA1 | PAO | undefined

Data direction A (DDRA) $0001 | DDA7 | DDA6 | DDAS | DDA4 | DDA3 | DDA2 | DDAL | DDAO | 0000 0000
Data direction B (DDRB) $0002 | DDB7 | DDB6 | DDBS5 | DDB4 | DDB3 | DDB2 | DDB1 | DDBO | 0000 0000
Data direction F (DDRF) $0003 | DDF7 | DDF6 | DDF5 | DDF4 | DDF3 | DDF2 | DDF1 | DDFO | 0000 0000
Port B data (PORTB) $0004 | PB7 | PB6 | PB5 | PB4 | PB3 | PB2 | PB1 | PBO | undefined

Port F data (PORTF) $0005 | PF7 | PF6 | PF5 | PF4 | PF3 | PF2 | PF1 | PFO | undefined

Port C data (PORTC) $0006 | PC7 | PC6 | PC5 | PC4 | PC3 | PC2 | PC1 | PCO | undefined

Data direction C (DDRC) $0007 | DDC7 | DDC6 | DDC5 | DDC4 | DDC3 | DDC2 | DDC1 | DDCO | 0000 0000
Port D data (PORTD) $0008 | 0 O | PD5 | PD4 | PD3 | PD2 | PD1 | PDO | undefined

Data direction D (DDRD) $0009 | 0 0 | DDD5| DDD4 | DDD3 | DDD2 | DDD1 | DDDO | 0000 0000
Port E data (PORTE) $000A | PE7 | PE6 | PE5 | PE4 | PE3 | PE2 | PEL | PEO | undefined
Timer compare force (CFORC) | $000B | FOC1 | FOC2 | FOC3 | FOC4 | FOC5 | 0 0 0 | 00000000
Output compare 1 mask (OCIM) | $000C |OC1M7/OC1M6/OCIMS|/OCIMA4/0CIM3| 0 0 0 | 00000000
Output compare 1 data (OC1D) | $000D | OC1D7|0C1D6/OC1D5/OC1D4|0C1D3] 0 0 0 | 00000000
Timer count (TCNT) high $O00E |(bit15)| (14) | (13) | (12) | (1) | (10) | (9) | (bit8) | 0000 0000
Timer count (TCNT) low $000F | (bit7) | 6) | ) | @ | @ | @ | @ | (bito) | 00000000

Timer input capture 1 (TIC1) high | $0010 |(bit 15) (14) (23) (12) (112) (20) 9) (bit 8) | undefined

Timer input capture 1 (TIC1) low $0011 | (bit7) (6) 5) (4) 3) 2) Q) (bit 0) | undefined

Timer input capture 2 (TIC2) high | $0012 |(bit 15) (14) (13) (12) (112) (20) 9) (bit 8) | undefined

Timer input capture 2 (TIC2) low $0013 | (bit 7) (6) (5) 4) 3) 2) Q) (bit 0) | undefined

Timer input capture 3 (TIC3) high | $0014 |(bit 15) (14) (13) (12) (112) (20) 9) (bit 8) | undefined

Timer input capture 3 (TIC3) low | $0015 | (bit7) | 6) | ) | 4 | @ | @ | @ | (bito) | undefined

Timer output compare 1 (TOC1) high| $0016 |(bit15)| (14) (13) (12) (11) (20) 9 (bit 8) | 1111 1111

Timer output compare 1 (TOC1) low | $0017 | (bit 7) (6) 5) (4) 3) 2) Q) (bit 0) | 1111 1111

Timer output compare 2 (TOC2) high| $0018 | (bit 15)| (14) (13) (12) (112) (20) 9 (bit 8) | 1111 1111

Timer output compare 2 (TOC2) low | $0019 | (bit 7) (6) (5) (4) 3) 2) Q) (bit 0) | 1111 1111
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Table 3-2. Register and control bit assignments (Sheet 2 of 4)

State

Register name Address| bit7 | bit6 | bit5 | bit4 | bit3 | bit2 | bitl | bitO
on reset

Timer output compare 4 (TOC4) high| $001C | (bit 15)| (14) (23) (12) (112) (20) 9 (bit 8) | 1111 1111

Timer output compare 4 (TOC4) low | $001D | (bit 7) (6) (5) 4 3 2 1) (bit 0) | 1111 1111

Capture 4/compare 5 (T14/05) high | $001E | (bit 15)| (14) (23) (12) (112) (20) 9 (bit 8) | 1111 1111

Capture 4/compare 5 (TI14/05) low | $001F | (bit 7) (6) (5) 4) 3 2 1) (bit 0) | 1111 1111

Timer control 1 (TCTL1) $0020 | OM2 | OL2 | OM3 | OL3 | OM4 | OL4 | OM5 | OL5 |0000 0000

Timer control 2 (TCTL2) $0021 |EDG4B|EDG4A|EDG1B|EDG1A EDG2B|EDG2A| EDG3B EDG3A| 0000 0000

Timer interrupt mask 1 (TMSK1) $0022 | OC1l | OC2l | OC3l | OC4l | 14/05l | IC1l IC2l IC3I | 0000 0000

Timer interrupt flag 1 (TFLG1) $0023 | OC1F | OC2F | OC3F | OC4F |14/O5F | IC1F | IC2F | IC3F | 0000 0000

Timer interrupt mask 2 (TMSK2) $0024 | TOI RTII | PAOVI| PAIl 0 0 PR1 | PRO |0000 0000

Timer interrupt flag 2 (TFLG2) $0025 | TOF | RTIF |PAOVF| PAIF 0 0 0 0 0000 0000

Pulse accumulator control (PACTL) | $0026 0 PAEN |PAMODPEDGE| 0 14/05 | RTR1 | RTRO | 0000 0000

Pulse accumulator count (PACNT) | $0027 | (bit7) (6) (5) (4) 3 2 1) (bit 0) | undefined

SPI control (SPCR) $0028 | SPIE | SPE |[DWOM|MSTR | CPOL | CPHA | SPR1 | SPRO | 0000 01luu

SPI status (SPSR) $0029 | SPIF | WCOL 0 MODF 0 0 0 0 0000 0000

SPI data (SPDR) $002A | (bit7) | (6) (5) 4) (3) ) (1) | (bit0) | undefined

EPROM programming (EPROG) ¥ | $002B | MBE 0 ELAT [EXCOLEXROW 0O 0 EPGM | 0000 0000

Port pull-up assignment (PPAR) $002C 0 0 0 0 |HPPUE|GPPUE|FPPUE|BPPUE| 0000 1111
reserved $002D

PLL control (PLLCR) $002E |PLLON| BCS | AUTO | BWC | VCOT | MCS | LCK | WEN |1010 1000

Synthesizer program (SYNR) $002F [SYNX1|SYNXO|[SYNY5 /SYNY4|SYNY3|SYNY2|SYNY1|SYNYO| 0000 1011

A/D control & status (ADCTL) $0030 | CCF 0 SCAN | MULT | CD CcC CB CA | uOuu uuuu

A/D result 1 (ADR1) $0031 | (bit7) | (6) (5) 4) (3) @) (1) | (bit0) | undefined

A/D result 2 (ADR2) $0032 | (bit7) | (6) (5) 4) ?3) ) (1) | (bit0) | undefined

A/D result 3 (ADR3) $0033 | (bit7) | (6) (5) 4) (3) ) (1) | (bit0) | undefined

A/D result 4 (ADR4) $0034 | (bit7) | (6) (5) 4) 3) ) (1) | (bit0) | undefined

Block protect (BPROT) $0035 |BULKP 0 BPRT4 |PTCON|BPRT3|BPRT2 |BPRT1|BPRTO| 1011 1111
reserved $0036

EEPROM mapping (INIT2) $0037 EE3 EE2 EE1 EEO |M3DL1|M3DLO|M2DL1|M2DLO| 0000 0000

System config. options 2 (OPT2) $0038 | LIRDV |CWOM |STRCH|IRVNE | LSBF | SPR2 0 0 000x 0000

System config. options 1 (OPTION) | $0039 | ADPU | CSEL | IRQE | DLY | CME |FCME | CR1 | CRO |0001 0000

COP timer arm/reset (COPRST) $003A | (bit 7) (6) (5) (4) 3 2 1) (bit 0) | undefined

EEPROM programming (PPROG) | $003B | ODD | EVEN 0 BYTE | ROW |ERASE| EELAT EEPGM| 0000 0000

Highest priority interrupt (HPRIO) | $003C |RBOOT| SMOD | MDA |PSEL4 |PSEL3|PSEL2 | PSEL1|PSELO| xxx0 0110

RAM & 1/0 mapping (INIT) $003D | RAM3 | RAM2 | RAM1 | RAMO | REG3 | REG2 | REG1 | REGO | 0000 0000
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Table 3-2. Register and control bit assignments (Sheet 3 of 4)

MC68HC11P2 — Rev 1.0

Register name Address| bit7 | bit6 | bit5 | bitd4 | bit3 | bit2 | bit1  bito | S

reserved $0040

reserved $0041

reserved $0042

reserved $0043

reserved $0044

reserved $0045

reserved $0046

reserved $0047

reserved $0048

reserved $0049

reserved $004A

reserved $004B

reserved $004C

reserved $004D

reserved $004E

reserved $004F
SCI/MI 2/3 baud high (S2BDH) $0050 |B2TST |B2SPL 0 S2B12 | S2B11 | S2B10 | S2B9 | S2B8 | 0000 0000
SCI/MI 2/3 baud low (S2BDL) $0051 | S2B7 | S2B6 | S2B5 | S2B4 | S2B3 | S2B2 | S2B1 | S2BO | 0000 0100
SCI/MI 2 control 1 (S2CR1) $0052 [LOPS2WOMS2 MIE2 M2 |WAKE2| ILT2 PE2 PT2 | 0000 0000
SCI/MI 2 control 2 (S2CR2) $0053 | TIE2 | TCIE2 | RIE2 | ILIE2 TE2 RE2 |RWU2 | SBK2 | 0000 0000
SCI/MI 2 status 1 (S2SR1) $0054 |TDRE2| TC2 |RDRF2|IDLE2 | OR2 NF2 FE2 PF2 | 1100 0000
SCI/MI 2 status 2 (S2SR2) $0055 0 0 0 0 0 0 0 RAF2 | 0000 0000
SCI/MI 2 data high (S2DRH) $0056 R8B T8B 0 0 0 0 0 0 undefined
SCI/MI 2 data low (S2DRL) $0057 |R7T7B|R6T6B|R5T5B | R4T4B | R3T3B|R2T2B | R1T1B | ROTOB | undefined

reserved $0058

reserved $0059
SCI/MI 3 control 1 (S3CR1) $005A |LOPS3WOMS3 MIE3 M3 |WAKE3| ILT3 PE3 PT3 | 0000 0000
SCI/MI 3 control 2 (S3CR2) $005B | TIE3 | TCIE3 | RIE3 | ILIE3 | TE3 RE3 | RWU3 | SBK3 | 0000 0000
SCI/MI 3 status 1 (S3SR1) $005C [ TDRE3| TC3 |RDRF3|IDLE3 | ORS3 NF3 FE3 PF3 | 1100 0000
SCI/MI 3 status 2 (S3SR2) $005D 0 0 0 0 0 0 0 RAF3 | 0000 0000
SCI/MI 3 data high (S3DRH) $005E R8C T8C 0 0 0 0 0 0 undefined
SCI/MI 3 data low (S3DRL) $005F |R7T7C|R6T6C|R5T5C | R4T4C | R3T3C | R2T2C |R1T1C |[ROTOC | undefined
Pulse width clock select (PWCLK) | $0060 |CON34|CON12|PCKA2|PCKAl 0 PCKB3|PCKB2|PCKB1| 0000 0000
Pulse width polarity select (PWPOL) | $0061 |PCLK4 PCLK3|PCLK2|PCLK1|PPOL4 | PPOL3|PPOL2|PPOL1|0000 0000
Pulse width scale (PWSCAL) $0062 | (bit7) | (6) (5) @) ®3) @) (1) | (bit 0) | 0000 0000
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Table 3-2. Register and control bit assignments (Sheet 4 of 4)

State

Register name Address| bit7 | bit6 | bit5 | bit4 | bit3 | bit2 | bitl | bitO
on reset

Pulse width count 2 (PWCNT2) | $0065 | (bit7) | (6) (5) () A3) @) 1) | (bito) | 0000 0000

Pulse width count 3 (PWCNT3) | $0066 | (bit7) | (6) (5) @) @) @) (1) | (bit0) | 0000 0000

Pulse width count 4 (PWCNT4) | $0067 | (bit7) | (6) (5) () A3) @) 1) | (bito) | 0000 0000

Pulse width period 1 (PWPER1) | $0068 | (bit7) | (6) (5) ) ©) @) (1) | (bito) | 1111 1111

Pulse width period 2 (PWPER2) | $0069 | (bit7) | &) | &) | @ | 3 | @ | @ | (bito) | 11111111

Pulse width period 3 (PWPER3) | $006A | (bit7) | (6) (5) ) ©) ) (1) | (bito) | 1111 1111

Pulse width period 4 (PWPER4) | $006B | (bit7) | (6) (5) (@) @) ) (1) | (bito) | 1121 12111

Pulse width duty 1 (PWDTY1) | $006C | (bit7) | (6) (5) @) ®3) @) (1) | (bito) | 1111 1111

Pulse width duty 2 (PWDTY2) | $006D | it7) | 6) | ) | @ | ® | @ | @ | ito)| 11111111

Pulse width duty 3 (PWDTY3) | $006E | (bit7) | (6) (5) @) @) @) (1) | (hito) | 1111 1111

Pulse width duty 4 (PWDTY4) | $006F | (bit7) | (6) (5) (4) @) ) (1) | (bito) | 1111 1211

SCI 1 baud rate high (SCBDH) $0070 | BTST | BSPL 0 SBR12|SBR11|SBR10| SBR9 | SBR8 | 0000 0000

SCI 1 baud rate low (SCBDL) $0071 | SBR7 | SBR6 | SBR5 | SBR4 | SBR3 | SBR2 | SBR1 | SBRO | 0000 0100

SCI 1 control 1 (SCCR1) $0072 [LOOPS|WOMS 0 M WAKE ILT PE PT | 0000 0000
SCI 1 control 2 (SCCR2) $0073 TIE TCIE RIE ILIE TE RE RwWU | SBK | 0000 0000
SCI 1 status 1 (SCSR1) $0074 | TDRE TC RDRF | IDLE OR NF FE PF 1100 0000
SCI 1 status 2 (SCSR2) $0075 0 0 0 0 0 0 0 RAF | 0000 0000
SCI 1 data high (SCDRH) $0076 R8 T8 0 0 0 0 0 0 undefined
SCI 1 data low (SCDRL) $0077 | R7T7 | R6T6 | R5T5 | R4T4 | R3T3 | R2T2 | R1T1 | ROTO | undefined
reserved $0078
reserved $0079
reserved $007A
reserved $007B
Port H data (PORTH) $007C PH7 PH6 PH5 PH4 PH3 PH2 PH1 PHO | undefined
Data direction H (DDRH) $007D | DDH7 | DDH6 | DDH5 | DDH4 | DDH3 | DDH2 | DDH1 | DDHO | 0000 0000
Port G data (PORTG) $007E | PG7 PG6 PG5 PG4 PG3 PG2 PG1 PGO | undefined
Data direction G (DDRG) $007F | DDG7 | DDG6 | DDG5 | DDG4 | DDG3 | DDG2 | DDG1 | DDGO | 0000 0000
KEY

* Applies only to EPROM devices
x State on reset depends on mode selected
u State of bit on reset is undefined
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3.5 System initialization

Registers and bits that control initialization and the basic operation of the
MCU are protected against writes except under special circumstances.
The following table lists registers that can be written only once after
reset, or that must be written within the first 64 cycles after reset.

Table 3-3. Registers with limited write access

Register Register Must be written in Write

address name first 64 cycles once only
$x024 Timer interrupt mask register 2 (TMSK2) 1) —
$x035 Block protect register (BPROT) @ —
$x037 EEPROM mapping register (INIT2) No Yes
$x038 System configuration options register 2 (OPT2) No ©)
$x039 System configuration options register (OPTION) 4) —
$x03D RAM and I/O map register (INIT) Yes —

1. Bits 1 and 0 can be written once and only in first 64 cycles; when SMOD = 1, however, these bits can be written at any
time. All other bits can be written at any time.

. Bits can be written to zero once and only in first 64 cycles or in special modes. Bits can be set to one at any time.

. Bit 4 (IRVNE) can be written only once.

. Bits 5, 4, 2, 1, and 0 can be written once and only in first 64 cycles; when SMOD = 1, however, bits 5, 4, 2, 1, and 0 can
be written at any time. All other bits can be written at any time.

A WN

3.5.1 Mode selection

The four mode variations are selected by the logic states of the mode A
(MODA) and mode B (MODB) pins during reset. The MODA and MODB
logic levels determine the logic state of special mode (SMOD) and the
mode A (MDA) control bits in the highest priority I-bit interrupt and
miscellaneous (HPRIO) register.

After reset is released, the mode select pins no longer influence the
MCU operating mode. In single chip operating mode, MODA pin is
connected to a logic zero. In expanded mode, MODA is normally
connected to Vpp through a pull-up resistor of 4.7 k%a. The MODA pin
also functions as the load instruction register (ﬁ) pin when the MCU is
not in reset. The open-drain active low LIR output pin drives low during
the first E cycle of each instruction. The MODB pin also functions as the
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stand-by power input (VSTBY), which allows the RAM contents to be
maintained in the absence of Vpp.

Refer to Table 3-4, which is a summary of mode pin operation, the mode
control bits and the four operating modes.

A normal mode is selected when MODB is logic one during reset. One
of three reset vectors is fetched from address $FFFA-$FFFF, and
program execution begins from the address indicated by this vector. If
MODB is logic zero during reset, the special mode reset vector is fetched
from addresses $BFFA-$BFFF and software has access to special test
features. Refer to Resets and Interrupts.

3.5.1.1 HPRIO — Highest priority I-bit interrupt & misc. register

Address bit7 bit6 bit5 bit4 bit3 bit2 bitl bito SR©
on reset
Highest priority interrupt (HPRIO)| $003C RBTOO SMOD| MDA |PSEL4 PSEL3/PSEL2 PSEL1|PSELO|xxx0 0110

NOTE: RBOOT, SMOD and MDA bits depend on the power-up initialization
mode and can only be written in special modes when SMOD = 1. Refer
to Table 3-4.

RBOOT — Read bootstrap ROM
1 = Bootloader ROM enabled, at $BE40—$BFFF.
0 = Bootloader ROM disabled and not in map.

SMOD — Special mode select
1 = Special mode variation in effect.
0 = Normal mode variation in effect.

Once cleared, cannot be set again.
MDA — Mode select A
1 = Normal expanded or special test mode. (Expanded buses

active.)
0 = Normal single chip or special bootstrap mode. (Ports active.)
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Table 3-4. Hardware mode select summary

Inputs Control bits in HPRIO
Mode (latched at reset)
MODB MODA RBOOT | SMOD MDA
1 0 Single chip 0 0 0
1 1 Expanded 0 0 1
0 0 Special bootstrap 1 1 0
0 1 Special test 0 1 1

PSEL[4:0] — Priority select bits (refer to Resets and Interrupts)

Because bits in the following registers control the basic configuration of
the MCU, an accidental change of their values could cause serious
system problems. The protection mechanism, overridden in special
operating modes, requires a write to the protected bits only within the
first 64 bus cycles after any reset, or only once after each reset. See
Table 3-3.

3.5.2.1 CONFIG — System configuration register

Address bit7 bit6 bit5 bit4 bit3 bit2 bitl bito Oae
on reset
Configuration control (CONFIG) | $003F RODMA 1 1 PA'\ITE NOCSE NOPCO ROI\'IV'O EEON [x11x 1xxx

MC68HC11P2 — Rev 1.0

CONFIG controls the presence and/or location of ROM and EEPROM in
the memory map and enables the COP watchdog system. A security
feature that protects data in EEPROM and RAM is available on mask
programmed MCUSs, controlled by the NOSEC bit. Refer to RAM and
EEPROM security.

CONFIG is made up of EEPROM cells and static working latches. The
operation of the MCU is controlled directly by these latches and not the
EEPROM byte. When programming the CONFIG register, the EEPROM
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These bits can be read at any time. The value read is the one latched
into the register from the EEPROM cells during the last reset sequence.
A new value programmed into this register is not readable until after a
subsequent reset sequence. Unused bits always read as ones.

If SMOD = 1, CONFIG bits can be written at any time. If SMOD = 0,
CONFIG bits can only be written using the EEPROM programming
sequence, and are neither readable nor active until latched via the next
reset.

ROMAD — ROM mapping control
1 = ROM addressed from $8000 to $FFFF.
0 = ROM addressed from $0000 to $7FFF (expanded mode only).

In single chip mode, reset sets this bit.
Bits [6,5] — Not implemented; always read one

PAREN — Pull-up assignment register enable (see Parallel
Input/Output)
1 = PPAR register enabled; pull-ups can be enabled using PPAR.
0 = PPAR register disabled; all pull-ups disabled.

NOSEC — EEPROM security disabled (see RAM and EEPROM
security)

1 = Disable security.

0 = Enable security.

NOCOP — COP system disable (see Resets and Interrupts)
1 = COP system disabled.
0 = COP system enabled (forces reset on timeout).

ROMON — ROM enable
1 = ROM included in the memory map.
0 = ROM excluded from the memory map.

In single chip mode, reset sets this bit. In special test mode, reset
clears ROMON.

EEON — EEPROM enable
1 = EEPROM included in the memory map.
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3.5.2.2 INIT — RAM and I/O mapping register

State

Address bit7 bit6 bit5 bit4 bit3 bit2 Dbitl bit0
on reset

RAM & 1/0 mapping (INIT) | $003D |RAM3|RAM2 RAM1|RAMO|REG3 | REG2 REG1 | REGO 0000 0000

MC68HC11P2 — Rev 1.0

The internal registers used to control the operation of the MCU can be
relocated on 4k boundaries within the memory space with the use of
INIT. This 8-bit special-purpose register can change the default locations
of the RAM and control registers within the MCU memory map. It can be
written to only once within the first 64 E clock cycles after a reset. It then
becomes a read-only register.

RAM[3:0] — RAM map position

These four bits, which specify the upper hexadecimal digit of the RAM
address, control the position of the RAM in the memory map. The RAM
can be positioned at the beginning of any 4k page in the memory map.
Refer to Table 3-5.

REG[3:0] — 128-byte register block position

These four bits specify the upper hexadecimal digit of the address for the
128-byte block of internal registers. The register block is positioned at
the beginning of any 4k page in the memory map. Refer to Table 3-5.
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Table 3-5. RAM and register remapping

RAM[3:0] Location REG[3:0] Location
0000 $0000-$03FF 0000 $0000-$007F
0001 $1000-$13FF 0001 $1000-$107F
0010 $2000-$23FF 0010 $2000-$207F
0011 $3000-$33FF 0011 $3000-$307F
0100 $4000-$43FF 0100 $4000-$407F
0101 $5000-$53FF 0101 $5000-$507F
0110 $6000—$63FF 0110 $6000-$607F
0111 $7000-$73FF 0111 $7000-$707F
1000 $8000-$83FF 1000 $8000-$807F
1001 $9000-$93FF 1001 $9000-$907F
1010 $A000-$A3FF 1010 $A000-$A07F
1011 $B000-$B3FF 1011 $B000-$BO7F
1100 $CO00-$C3FF 1100 $CO00-$CO7F
1101 $D000—$D3FF 1101 $D000-$DO7F
1110 $EOO00-$E3FF 1110 $EO00-$EO7F
1111 $FO00-$F3FF 1111 $FO00-$FO7F

NOTE: When the memory map has the 128-byte register block mapped at the
same location as RAM, the registers have priority and the RAM is
relocated to the memory space immediately following the register block.
This mapping feature keeps all the RAM available for use. Refer to
Figure 3-2, which illustrates the overlap.
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N N

$x000 $x000 .
$O7F RAM A $X0TF Register block
$x080 $x080
RAM B RAM B
x400
$x47F RAM A
Register and RAM mapped Register and RAM mapped
to different 4k boundaries. to the same 4k boundary.

Figure 3-2. RAM and register overlap

3.5.2.3 INIT2 — EEPROM mapping and Ml BUS delay register

Address bit7 bit6 bit5 bit4 bit3 bit2 bitl bito B
on reset

EEPROM mapping (INIT2) | $0037 | EE3 | EE2 | EE1 | EEO M3DL1M3DLOM2DL1M2DL0/0000 0000

This register determines the location of EEPROM in the memory map.
INIT2 may be read at any time but bits 7—4 may be written only once after
reset in normal modes (bits 3—0 may be written at any time).

EE[3:0] — EEPROM map position

EEPROM is located at $xD80—-$xFFF, where X is the hexadecimal
digit represented by EE[3:0]. Refer to Table 3-6.
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Table 3-6. EEPROM remapping

EE[3:0] Location
0000 $0DBO-$0FFF
0001 $1D80-$1FFF
0010 $2D80-$2FFF
0011 $3D80-$3FFF
0100 $4DB0-$4FFF
0101 $5D80-$5FFF
0110 $6DB80—$6FFF
0111 $7D80-$7FFF
1000 $8D80—$8FFF
1001 $9DB0-$9FFF
1010 $ADBO-SAFFF
1011 $BD80-$BFFF
1100 $CD80-$CFFF
1101 $DD80-$DFFF
1110 $EDBO-SEFFF
1111 $FD80-$FFFF

M3DL1, M3DLO, M2DL1, M2DL0O — MI BUS delay select (refer to
Motorola Interconnect Bus (Ml BUS))

3.5.2.4 OPTION — System configuration options register 1

State

Address bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0
on reset

System config. options 1

(OPTION) $0039 |ADPU|CSEL | IRQE | DLY | CME |FCME| CR1 | CRO (0001 0000

The 8-bit special-purpose OPTION register sets internal system
configuration options during initialization. The time protected control bits,
IRQE, DLY, FCME and CRJ[1:0] can be written only once in the first 64
cycles after a reset and then they become read-only bits. This minimizes
the possibility of any accidental changes to the system configuration.
They may be written at any time in special modes.

ADPU — A/D power-up (refer to Analog-to-Digital Converter)
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After enabling the A/D power, at least 100us should be allowed for
system stabilization.

CSEL — Clock select (refer to Analog-to-Digital Converter)
1 = A/D and EEPROM use internal RC clock source (about
1.5MHz).
0=A/D and EEPROM use system E clock (must be at least 1 MHZz).

Selects alternate clock source for on-chip EEPROM and A/D charge
pumps. The on-chip RC clock should be used when the E clock
frequency falls below 1 MHz.

IRQE — Configure IRQ for falling edge sensitive operation
1 = Falling edge sensitive operation.
0 = Low level sensitive operation.

DLY — Enable oscillator start-up delay

1 = A delay of approximately 4064 E clock cycles is imposed as the
MCU is started up from the STOP mode.

0 = The oscillator start-up delay coming out of STOP is bypassed
and the MCU resumes processing within about four bus
cycles. A stable external oscillator is required if this option is
selected.

CME — Clock monitor enable (refer to Resets and Interrupts)
1 = Clock monitor enabled.
0 = Clock monitor disabled.

In order to use both STOP and clock monitor, the CME bit should be
set before executing STOP, then set again after recovering from
STOP.

FCME — Force clock monitor enable (refer to Resets and Interrupts)
1 = Clock monitor enabled; cannot be disabled until next reset.
0 = Clock monitor follows the state of the CME bit.

When FCME is set, slow or stopped clocks will cause a clock failure
reset sequence. To utilize STOP mode, FCME should always be
cleared.

CR[1:0] — COP timer rate select bits (refer to Resets and Interrupts)
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3.5.2.5 OPT2 — System configuration options register 2

Address bit7 bit6 bit5 bit4 bit3 bit2 bitl bito Sae
on reset
System config. options 2 (OPT2)| $0038 |LIRDV|/CWOM STHRC IRVNE| LSBF | SPR2| 0 0 000x 0000

LIRDV — LIR driven
1 = Enable LIR drive high pulse.
0 = LIR only driven low (requires pull-up on pin).

In single chip and bootstrap modes, this bit has no meaning or effect.
The LIR pin is normally configured for wired-OR operation (only pulls
low). In order to detect consecutive instructions in a high-speed
application, this signal can be made to drive high for a quarter of a
cycle to prevent false triggering.

CWOM — Port C wired-OR mode
1 = Port C outputs are open-drain.
0 = Port C operates normally.

STRCH — Stretch external accesses
1 = Off-chip accesses are extended by one E clock cycle.
0 = Normal operation.

When this bit is set, off-chip accesses of addresses $0000-$7FFF
($8000—-3$FFFF, if ROMAD is clear) are extended by one E clock cycle
to allow access to slow peripherals. The E clock stretches externally,
but the internal clocks are not affected, so that timers and serial

systems are not corrupted. In single chip and boot modes this bit has
no effect.

IRVNE — Internal read visibility/not E

IRVNE can be written once in any user mode. In expanded modes,
IRVNE determines whether IRV is on or off. In special test mode,
IRVNE is reset to one. In all other modes, IRVNE is reset to zero.
1 = Data from internal reads is driven out of the external data bus.
0 = No visibility of internal reads on external bus.
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In single chip modes this bit determines whether the E clock drives

out from the chip.

1 = E pin is driven low.

0 = E clock is driven out from the chip.
Refer to the following table for a summary of the operation
immediately following reset.

Mode IRVNE E clock IRV IRVNE IRVNE_
after reset | after reset | after reset | affects only | can be written
Single chip 0 On Off E Once
Expanded 0 On Off IRV Once
Boot 0 On Off E Once
Special test 1 On On IRV Unlimited

LSBF — LSB-first enable (refer to Serial Peripheral Interface (SPI))

1 = Data is transferred LSB first.
0 = Data is transferred MSB first.

SPR2 — SPI clock rate select (refer to Serial Peripheral Interface
(SPI))

This bit adds a divide-by-four to the SPI clock chain.

Bits 1, 0 — not implemented; always read zero.

3.5.2.6 BPROT — Block protect register

Block protect (BPROT)

MC68HC11P2 — Rev 1.0

Address bit7 bit6 bit5 bit4 bit3 bit2 bitl bito SR
on reset

$0035 BULKP| 0 |BPRT4 PTl\(I:O BPRT3BPRT2BPRT1BPRT0/1011 1111

BPROT prevents accidental writes to EEPROM and the CONFIG

register. The bits in this register can be written to zero only once during

the first 64 E clock cycles after reset in the normal modes; they can be

set at any time. Once the bits are cleared, the EEPROM array and the

CONFIG register can be programmed or erased. Setting the bits in the

BPROT register to logic one protects the EEPROM and CONFIG
Table 3-7
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BULKP — Bulk erase of EEPROM protect
1 = EEPROM cannot be bulk or row erased.
0 = EEPROM can be bulk erased normally.

Bit 6 — not implemented; always reads zero.
BPRT4 — Block protect bit for top 128 bytes of EEPROM (see below)

PTCON — Protect for CONFIG register
1 = CONFIG register cannot be programmed or erased.
0 = CONFIG register can be programmed or erased normally.

Note that, in special modes, CONFIG may be written regardless of the
state of PTCON.

BPRTI[4:0] — Block protect bits for EEPROM
1 = Protection is enabled for associated block; it cannot be
programmed or erased.
0 = Protection disabled for associated block.

Each of these five bits protects a block of EEPROM against writing or
erasure, as follows:

Table 3-7. EEPROM block protect

Bit name Block protected Block size
BPRTO $xD80-$xDIF 32 bytes
BPRT1 $xDA0-$xDDF 64 bytes
BPRT2 $XDEO-$XE5F 128 bytes
BPRT3 $XEB0-$XF7F 288 bytes
BPRT4 $XF80-$xFFF 128 bytes
Technical Data MC68HC11P2 — Rev 1.0
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3.5.2.7 TMSK2 — Timer interrupt mask register 2

Address bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0 S&©
on reset
Timer interrupt mask 2 (TMSK2) | $0024 | TOI | RTII [PAOVI| PAIl | 0 | 0 | PRL | PRO 0000 0000

PR[1:0] are time-protected control bits and can be changed only once
and then only within the first 64 bus cycles after reset in normal modes.

NOTE: Bits in TMSK2 correspond bit for bit with flag bits in TFLG2. Ones in
TMSK2 enable the corresponding interrupt sources.

TOI — Timer overflow interrupt enable
1 = Interrupt requested when TOF is set.
0 = TOF interrupts disabled.

RTIl — Real-time interrupt enable
1 = Interrupt requested when RTIF set.
0 = RTIF interrupts disabled.

PAOVI — Pulse accumulator overflow interrupt enable (Refer to Timing
System)

1 = Interrupt requested when PAOVF set.

0 = PAOVF interrupts disabled.

PAIl — Pulse accumulator interrupt enable (Refer to Timing System)
1 = Interrupt requested when PAIF set.
0 = PAIF interrupts disabled.

PR[1:0] — Timer prescaler select

These two bits select the prescale rate for the main 16-bit free-running
timer system. These bits can be written only once during the first 64
E clock cycles after reset in normal modes, or at any time in special
modes. Refer to the following table:

i Prescale
PRIL:0] factor
00 1
01 4
10 8
MC68HC11P2 — Rev 1.0 Technical Data
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3.6 EPROM, EEPROM and CONFIG register

3.6.1 EPROM

Using the on-chip EPROM programming feature requires an external
power supply (Vppg). Normal programming is accomplished using the
EPROG register. Program EPROM at room temperature only and place
an opaque label over the quartz window after programming.

The erased state of each EPROM byte is $FF.

3.6.1.1 EPROG — EPROM programming control register

Address bit7 bit6 bit5 bit4 bit3 bit2 bitl bito SR
on reset

EPROM programming (EPROG) | $002B | MBE 0 ELAT EXLCO E)\(/SO 0 0 |EPGM|0000 0000,

MBE — Multiple byte program enable
1 = Program four bytes with the same data.
0 = Normal programming.

When programming four bytes simultaneously, address bits 7 and 4
are ignored, hence a write to, for example, $99 will actually program
$09, $19, $89 and $99 (i.e. %x00x 1001). This bit may be read or

written only in special modes; it will always read zero in normal
modes.

Bits 6, 2, 1 — Not implemented; always read zero.

ELAT — EPROM latch control

1 = EPROM address and data buses configured for programming.
EPROM cannot be read.

0 = EPROM address and data buses configured for normal
operation.

When set, this bit causes the address and data for writes to the
EPROM to be latched. ELAT may be read and written at any time.
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EXCOL — Select extra columns
1 = User array disabled; extra column selected.
0 = User array selected.

The extra column may be accessed at bit 7; addresses use bits 11-5,
bits 4—-0 must be ones. The EXCOL bit always reads zero in normal
modes and may be read or written only in special modes.

EXROW — Select extra rows
1 = User array disabled; extra rows selected.
0 = User array selected.

There are four extra rows (two in each block). Addresses use bits 6-0,
bits 11-7 must be zeros. (The high nibble determines which 16k block
is accessed.) The EXROW bit always reads zero in normal modes
and may be read or written only in special modes.

EPGM — EPROM program command
1 = Programming voltage (Vppg) switched to the EPROM array.
0 = Programming voltage (Vppg) disconnected from the EPROM
array.

This bit can be read at any time, but may only be written if ELAT is set.

NOTE: If ELAT =0 (normal operation) then EPGM = 0 (programming voltage
disconnected).

3.6.1.2 EPROM programming

The EPROM may be programmed and verified in software, via the MCU,
using the following procedure. The ROMON bit in the CONFIG register
should be set. On entry, A contains the data to be programmed and X
contains the EPROM address.

EPROG LDAB #$20
STAB $102B Set ELAT bit (PGVE0) to enabl e EPROM | at ches.
STAA $0, X Store data to EPROM address
LDAB #$21
STAB $102B Set EPGM bit, with ELAT=1, to enable prog. voltage
JSR DLYEP Del ay 2-4 ns
CLR $102B Turn of f programm ng vol tage and set to READ node

With this method, the EPROM is programmed by software while in the
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3.6.2 EEPROM

Technical Data

utility can be used. To use the resident utility, bootload a three-byte
program consisting of a single jump instruction to $BF00. $BF00 is the
starting address of a resident EPROM programming utility. The utility
program sets the X and Y index registers to default values, then receives
programming data from an external host and puts it in EPROM. The
value in IX determines programming delay time. The value in Y is a
pointer to the first address in EPROM to be programmed (default =
$D000). When the utility program is ready to receive programming data,
it sends the host an $FF character; then it waits. When the host sees the
$FF character, the EPROM programming data is sent, starting with
location $D000. After the last byte to be programmed is sent and the
corresponding verification data is returned, the programming operation
is terminated by resetting the MCU.

The 640-byte on-board EEPROM is initially located from $0D80 to
$OFFF after reset in all modes. It can be mapped to any other 4k
boundary by writing to the INIT2 register. The EEPROM is enabled by
the EEON bit in the CONFIG register. Programming and erasing is
controlled by the PPROG register.

Unlike information stored in ROM, data in the 640 bytes of EEPROM can
be erased and reprogrammed under software control. Because
programming and erasing operations use an on-chip charge pump
driven by Vpp, a separate external power supply is not required.

An internal charge pump supplies the programming voltage. Use of the
block protect register (BPROT) prevents inadvertent writes to (or erases
of) blocks of EEPROM (see BPROT — Block protect register). The
CSEL bit in the OPTION register selects an on-chip oscillator clock for
programming and erasing while operating at frequencies below 2MHz.
Refer to Resets and Interrupts.

In special modes there two extra rows and columns of EEPROM, which
are used for factory testing. Endurance and data retention specifications
do not apply to these cells.
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3.6.2.1 PPROG — EEPROM programming control register

Address bit7 bit6 bit5 bit4 bit3 bit2 bitl bito e
on reset
EEPROM programming ERAS EEPG
(PPRO%) $0038 | ODD |EVEN 0 |BYTE ROW =¥ EELAT =-' 0000 0000

NOTE: Writesto EEPROM addresses are inhibited while EEPGM is one. A write
to a different EEPROM location is prevented while a program or erase
operation is in progress.

ODD — Program odd rows in half of EEPROM (Test)
EVEN — Program even rows in half of EEPROM (Test)

If both ODD and EVEN are set to one then all odd and even rows in
half of the EEPROM will be programmed with the same data, within
one programming cycle.

Bit 5 — Not implemented; always reads zero.

BYTE — EEPROM byte erase mode
1 = Erase only one byte of EEPROM.
0 = Row or bulk erase mode used.

ROW — EEPROM row/bulk erase mode (only valid when BYTE = 0)
1 = Erase only one 16 byte row of EEPROM.
0 = Erase all 640 bytes of EEPROM.

Table 3-8. Erase mode selection

Byte Row Action
0 0 Bulk erase (all 640 bytes)
0 1 Row erase (16 bytes)
1 0 Byte erase
1 1 Byte erase

ERASE — Erase/normal control for EEPROM
1 = Erase mode.
0 = Normal read or program mode.
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EELAT — EEPROM latch control
1 = EEPROM address and data bus set up for programming or
erasing.
0 = EEPROM address and data bus set up for normal reads.
When the EELAT bit is cleared, the EEPROM can be read as if it were
a ROM. The block protect register has no effect during reads.

EEPGM — EEPROM program command
1 = Program or erase voltage switched on to EEPROM array.
0 = Program or erase voltage switched off to EEPROM array.

During EEPROM programming, the ROW and BYTE bits of PPROG
are not used. If the frequency of the E clock is 1MHz or less, set the
CSEL bit in the OPTION register. Remember that zeros must be
erased by a separate erase operation before programming. The
following example of how to program an EEPROM byte assumes that
the appropriate bits in BPROT have been cleared.

PROG LDAB #$02 EELAT=1
STAB $103B Set EELAT bit
STAA $0D80 Store data to EEPROM address
LDAB #$03 EELAT=EEPGVF1
STAB $103B Turn on progranmm ng vol t age
JSR DLY10 Del ay 10 ns
CLR $103B Turn of f high voltage and set to READ node

3.6.2.2 EEPROM bulk erase

To erase the EEPROM, ensure that the proper bits of the BPROT
register are cleared, then complete the following steps using the PPROG
register:

1. Write to PPROG with the ERASE, EELAT and appropriate BYTE
and ROW bits set.

2. Write to the appropriate EEPROM address with any data. Row
erase only requires a write to any location in the row. Bulk erase
is accomplished by writing to any location in the array.

3. Write to PPROG with ERASE, EELAT, EEPGM and the
appropriate BYTE and ROW bits set.
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6. Clear the PPROG register to reconfigure the EEPROM address
and data buses for normal operation.

The following is an example of how to bulk erase the 512-byte EEPROM.
The CONFIG register is not affected in this example.

BULKE LDAB #$02 EELAT=1
STAB $103B Set EELAT bit
STAA $0D80 Store data to any EEPROM address
LDAB #$03 EELAT=EEPGVF1
STAB $103B Turn on progranmm ng vol t age
JSR DLY10 Delay 10 ns
CLR $103B Turn off high voltage and set to READ node

3.6.2.3 EEPROM row erase

The following example shows how to perform a fast erase of large
sections of EEPROM:

ROVNE LDAB #$0E ROWERASE=EELAT=1
STAB $103B Set to ROW erase node
STAB 0, X Wite any data to any address in ROW
LDAB #$0F ROWERASE=EELAT=EEPGV=1
STAB $103B Turn on high vol tage
JSR DLY10 Del ay 10 ms
CLR $103B Turn off high voltage and set to READ node

3.6.2.4 EEPROM byte erase

The following is an example of how to erase a single byte of EEPROM:

BYTEE LDAB #$16 BYTE=ERASE=EELAT=1

STAB $103B Set to BYTE erase npde

STAB 0, X Wite any data to address to be erased

LDAB #$17 BYTE=ERASE=EELAT=EEPGV=1

STAB $103B Turn on high vol tage

JSR DLY10 Delay 10 ns

CLR $103B Turn off high voltage and set to READ node
MC68HC11P2 — Rev 1.0 Technical Data
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3.6.3 CONFIG register programming

Because the CONFIG register is implemented with EEPROM cells, use
EEPROM procedures to erase and program this register. The procedure
for programming is the same as for programming a byte in the EEPROM
array, except that the CONFIG register address is used. CONFIG can be
programmed or erased (including byte erase) while the MCU is
operating in any mode, provided that PTCON in BPROT is clear. To
change the value in the CONFIG register, complete the following
procedure. Do not initiate a reset until the procedure is complete.

1. Erase the CONFIG register.
2. Program the new value to the CONFIG address.

3. Initiate reset.

CONFIG — System configuration register

Address bit7 bit6 bit5 bit4 bit3 bit2 bitl bito e
on reset
Configuration control (CONFIG) | $003F RODMA 1 1 PANRE N%SE NOPCO ROI\'IV'O EEON |x11x 1xxx

Technical Data

For a description of the bits contained in the CONFIG register refer to
CONFIG — System configuration register.

CONFIG is made up of EEPROM cells and static working latches. The
operation of the MCU is controlled directly by these latches and not the
EEPROM byte. When programming the CONFIG register, the EEPROM
byte is accessed. When the CONFIG register is read, the static latches
are accessed.

These bits can be read at any time. The value read is the one latched
into the register from the EEPROM cells during the last reset sequence.
A new value programmed into this register is not readable until after a
subsequent reset sequence. Unused bits always read as ones.

If SMOD = 1, CONFIG bits can be written at any time. If SMOD = 0,
CONFIG bits can only be written using the EEPROM programming
sequence, and are neither readable nor active until latched via the next
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3.6.4 RAM and EEPROM security

The optional security feature protects the contents of EEPROM and
RAM from unauthorized access. A program, or a key portion of a
program, can be protected against duplication. To accomplish this, the
protection mechanism restricts operation of protected devices to single
chip modes, and thus prevents the memory locations from being
monitored externally (single chip modes do not allow visibility of the
internal address and data buses). Resident programs, however, have
unlimited access to the internal EEPROM and RAM and can read, write,
or transfer the contents of these memories. The NOSEC bit in the
CONFIG register disables this feature on devices that incorporate it.
Contact a Motorola representative for information on the availability of
this feature.

If the security feature is present and enabled and bootstrap mode is
selected, then the following sequence is performed by the bootstrap
program:

Output $FF on the SCI.

Turn block protect off. Clear BPROT register.

IF EEPROM is enabled, erase it all.

Verify that the EEPROM is erased,; if not, begin sequence again.
Write $FF to every RAM byte.

Erase the CONFIG register.

o g~ W DNhPE

If all the above operations are successful, the bootloading process
continues as if the device has not been secured.

CONFIG — System configuration register

Address bit7 bit6 bit5 bit4 bit3 bit2 bitl bito SR©
on reset
Configuration control (CONFIG) | $003F RODMA 1 1 PAREN N%SE NOPCO RONMO EEON |x11x 1xxx

For a description of the other bits contained in the CONFIG register refer

MC68HC11P2 — Rev 1.0 Technical Data
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Operating Modes and On-Chip Memory

NOSEC — EEPROM security disabled
1 = Disable security.
0 = Enable security.

NOTE: MC68HC11P2 devices are normally manufactured with NOSEC set to
one and the security option is unavailable. On special request, a mask
option is selected during fabrication that enables the security mode. On
these parts, the secure mode is invoked by programming the NOSEC bit

to zero.
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The MC68HC11P2 has up to 54 input/output lines and 8 input-only lines,
depending on the operating mode. To enhance the I/O functions, the
data bus of this microcontroller is nonmultiplexed. The following table is

a summary of the configuration and features of each port.
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Table 4-1. Port configuration

Port Igi?qust O:itnpsut Bldlrpegz'gonal Alternate functions
A — — 8 Timer
B — — 8 High order address
C — — 8 Data bus
D — — 6 SPl and SCI1
E 8 — — A/D converter
F — — 8 Low order address
G — — 8 R/W on PG7
H — — 8 PWM and SCI2/3 (with MI BUS)

NOTE: Do not confuse pin function with the electrical state of that pin at reset.
All general-purpose 1/O pins that are configured as inputs at reset are in
a high-impedance state and the contents of the port data registers are
undefined; in port descriptions, a ‘u’ indicates this condition. The pin
function is mode dependent.

4.3 Port A
Port A is an 8-bit bidirectional port, with both data and data direction
registers. In addition to their I/O capability, port A pins are shared with
timer functions, as shown in the following table.
Pin Alternate function
PAO |[IC3
PAl |IC2
PA2 |IC1
PA3 |OCS5 and/or OC1, or IC4 See Timing System
PA4 |OC4 and/or OC1 for more information.
PA5 |OC3 and/or OC1
PA6 |OC2 and/or OC1
PA7 |PAIl and/or OC1
On reset the pins are configured as general purpose high-impedance
inputs.
Technical Data MC68HC11P2 — Rev 1.0
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Port B
4.3.1 PORTA — Port A data register
Address bit7 bit6 bit5 bit4 bit3 bit2 bitl bito Soe
on reset
Port A data (PORTA) | $0000 | PA7 | PAG | PA5 | PA4 | PA3 | PA2 | PAL | PAO |undefined

This is a read/write register and is not affected by reset. The bits may be
read and written at any time, but, when a pin is allocated to its alternate
function, a write to the corresponding register bit has no affect on the pin
state.

4.3.2 DDRA — Data direction register for port A

State
on reset

Data direction A (DDRA) | $0001 | DDA7 | DDAG | DDA5 | DDA4 | DDA3 | DDA2 | DDA1 | DDAO (0000 0000

Address bit7 bit6 bit5 bit4 bit3 bit2 bitl bitO

DDA[7:0] — Data direction for port A
1 = The corresponding pin is configured as an output.
0 = The corresponding pin is configured as an input.

4.4 PortB
Port B is an 8-bit bidirectional port, with both data and data direction
registers. In addition to their I/O capability, port B pins are used as the
nonmultiplexed high order address pins, as shown in the following
table.
. Alternate
Pin .
function
PBO A8
PB1 A9 In expanded or test
PB2 A10 mode, the pins
PB3 ALL become the high
order address and
PB4 Al2 port B is not
PB5 Al3 included in the
PB6 Al4 memory map.
MC68HC11P2 — Rev 1.0 Technical Data
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Parallel Input/Output

The state of the pins on reset is mode dependent. In single chip or
bootstrap mode, port B pins are high-impedance inputs with selectable
internal pull-up resistors (see Internal pull-up/pull-down resistors). In
expanded or test mode, port B pins are high order address outputs and
PORTB/DDRB are not in the memory map.

4.4.1 PORTB — Port B data register

Address bit7 bit6 bit5 bit4 bit3 bit2 bitl bito SR
on reset

Port B data (PORTB) | $0004 | PB7 | PB6 | PB5 | PB4 | PB3 | PB2 | PB1 | PBO |undefined

The bits may be read and written at any time and are not affected by
reset.

4.4.2 DDRB — Data direction register for port B

Address bit7 bit6 bit5 bit4 bit3 bit2 bitl bito Sae
on reset

Data direction B (DDRB) | $0002 | DDB7 | DDB6 | DDB5 | DDB4 | DDB3 | DDB2 | DDB1 | DDBO (0000 0000

DDBJ[7:0] — Data direction for port B
1 = The corresponding pin is configured as an output.
0 = The corresponding pin is configured as an input.

Technical Data MC68HC11P2 — Rev 1.0
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Port C

45 Port C

Port C is an 8-bit bidirectional port, with both data and data direction
registers. In addition to their I/O capability, port C pins are used as the
nonmultiplexed data bus pins, as shown in the following table.

. Alternate

Pin .
function

PCO DO
PC1 D1 In expanded or test
PC2 D2 mode, the pins
PC3 D3 become the data bus
PC4 D4 and port C is not
PC5 D5 included in the
PC6 D6 memory map.
PC7 D7

The state of the pins on reset is mode dependent. In single chip or
bootstrap mode, port C pins are high-impedance inputs. In expanded or
test modes, port C pins are the data bus I1/0O and PORTC/DDRC are not
in the memory map.

4.5.1 PORTC — Port C data register

Address bit7 bit6 bit5 bit4 bit3 bit2 bitl bito e
on reset
Port C data (PORTC) | $0006 | PC7 | PC6 | PC5 | PC4 | PC3 | PC2 | PC1 | PCO |undefined

The bits may be read and written at any time and are not affected by
reset.

MC68HC11P2 — Rev 1.0 Technical Data
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Parallel Input/Output

4.5.2 DDRC — Data direction register for port C

State
on reset

Data direction C (ODRC) | $0007 | DDC7 | DDC6 | DDC5 | DDC4 | DDC3 | DDC2  DDC1 | DDCO 0000 0000

Address bit7 bit6 bit5 bit4 bit3 bit2 bitl bitO

DDC[7:0] — Data direction for port C
1 = The corresponding pin is configured as an output.
0 = The corresponding pin is configured as an input.

46 PortD

Port D is a 6-bit bidirectional port, with both data and data direction
registers. In addition to their 1/O capability, port D pins are shared with
SCI and SPI functions, as shown in the following table.

. Alternate

Pin .
function
PDO RXD1 See Serial
PD1 TXD1 Communications Interface
(SCI) for more information.

PD2 MISO
PD3 MOSI See Serial Peripheral
PD4 SCK _Interfac_e (SPI) for more
PD5 Ss information.

On reset the pins are configured as general purpose high-impedance
inputs.

4.6.1 PORTD — Port D data register

Address bit7 bit6 bit5 bit4 bit3 bit2 bitl bito o
on reset
Port D data (PORTD) \$0008 \ 0 \ 0 \ PD5 \ PD4 \ PD3 \ PD2 \ PD1 \ PDO \undefined

This is a read/write register and is not affected by reset. The bits may be
read and written at any time, but, when a pin is allocated to its alternate

Technical Data MC68HC11P2 — Rev 1.0
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Port E
4.6.2 DDRD — Data direction register for port D
Address bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0 e
on reset
Data direction D (DDRD) | $0009 | 0 | 0 |DDD5 DDD4 DDD3 DDD2 | DDD1 | DDDO 0000 0000

Bits [7:6] — Reserved; always read zero

DDD[5:0] — Data direction for port D
1 = The corresponding pin is configured as an output.
0 = The corresponding pin is configured as an input.

4.7 PortE
Port E is an 8-bit input-only port. In addition to their input capability, port
E pins are shared with A/D functions, as shown in the following table.
. Alternate
Pin .
function
PEO ADO
PE1 AD1
PE2 AD2
PE3 AD3 See Analog-to-Digital
PE4 AD4 .Convert_er for more
information.
PE5 AD5
PE6 AD6
PE7 AD7
On reset the pins are configured as general purpose high-impedance
inputs.
MC68HC11P2 — Rev 1.0 Technical Data
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4.7.1 PORTE — Port E data register

Port E data (PORTE)

4.8 Port F

Technical Data

NOTE:

State
on reset

\$000A\ PE7 \ PE6 \ PE5 \ PE4 \ PE3 \ PE2 \ PE1 \ PEO \undeﬁned

Address bit7 bit6 bit5 bit4 bit3 bit2 bitl bitO

This is a read-only register and is not affected by reset. The bits may be
read at any time.

As port E shares pins with the A/D converter, a read of the this register
may affect any conversion currently in progress, if it coincides with the
sample portion of the conversion cycle. Hence, normally port E should
not be read during the sample portion of any conversion.

Port F is an 8-bit bidirectional port, with both data and data direction
registers. In addition to their I/O capability, port F pins are used as the
non-multiplexed low order address pins, as shown in the following
table.

. Alternate

Pin .
function
PFO A0
PF1 Al
PE2 A2 In expanded or test
PE3 A3 mode, the pins become
PF4 AL the low order address
and port F is not included

PFS AS in the memory map.
PF6 A6
PF7 A7

The state of the pins on reset is mode dependent. In single chip or
bootstrap mode, port F pins are high-impedance inputs with selectable
internal pull-up resistors (see Internal pull-up/pull-down resistors). In
expanded or test modes, port F pins are low order address outputs and
PORTF/DDRF are not in the memory map.
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Port G
4.8.1 PORTF — Port F data register
Address bit7 bit6 bit5 bit4 bit3 bit2 bitl bito oo
on reset
Port F data (PORTF) | $0005 | PF7 | PF6 | PF5 | PF4 | PF3 | PF2 | PF1 | PFO |undefined

The bits may be read and written at any time and are not affected by
reset.

4.8.2 DDRF — Data direction register for port F

State
on reset

Data direction F (DDRF) | $0003 | DDF7 | DDF6 | DDF5 | DDF4 | DDF3 | DDF2 | DDF1 | DDFO (0000 0000

Address bit7 bit6é bit5 bit4 bit3 bit2 bitl hbitO

DDF[7:0] — Data direction for port F
1 = The corresponding pin is configured as an output.
0 = The corresponding pin is configured as an input.

4.9 Port G

Port G is an 8-bit bidirectional port, with both data and data direction
registers. In addition to its I/O capability, port G pin 7 (PG7) is used as
the R/W pin in expanded and test modes.

The state of PG7 on reset is mode dependent. In single chip or bootstrap
mode, PG7 is a high-impedance input. In expanded or test modes, PG7
is the R/W output. The remaining pins (PG[6:0]) are high-impedance
inputs, with software selectable internal pull-up resistors (see Internal
pull-up/pull-down resistors).

MC68HC11P2 — Rev 1.0 Technical Data
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4.9.1 PORTG — Port G data register

Address bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0 O&©
on reset
Port G data (PORTG) | $007E | PG7 | PG6 | PG5 | PG4 | PG3 | PG2 | PG1 | PGO |undefined

The bits may be read and written at any time and are not affected by
reset.

4.9.2 DDRG — Data direction register for port G

Address bit7 bit6 bit5 bit4 bit3 bit2 bitl bito e
on reset

Data direction G (DDRG) | $007F | DDG7 | DDG6 | DDG5|DDG4 | DDG3 | DDG2 | DDG1|DDGO 0000 0000

DDGJ7:0] — Data direction for port G
1 = The corresponding pin is configured as an output.
0 = The corresponding pin is configured as an input.

4.10 PortH
Port H is an 8-bit bidirectional port, with both data and data direction
registers. In addition to their 1/O capability, port H pins are shared with
SCI/MI BUS and PWM functions, as shown in the following table.
. Alternate
Pin .
function
PHO PW1
PH1 Pw2 See Timing System
PH2 PW3 for more information.
PH3 PW4
PH4 RXD2 See Serial Communications
PH5 TXD2 Interface (SCI) and Motorola
PH6 RXD3 Interconnect Bus (Ml BUS)
PH7 TXD3 for more information.
On reset the pins are configured as general purpose high-impedance
Technical Data MC68HC11P2 — Rev 1.0
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Internal pull-up/pull-down resistors

ups on pins 7—4 and pull-downs on pins 3-0 (see Internal pull-up/pull-
down resistors).

4.10.1 PORTH — Port H data register

Address bit7 bit6 bit5 bit4 bit3 bit2 bitl bito e
on reset
Port H data (PORTH) | $007C | PH7 | PH6 | PH5 | PH4 | PH3 | PH2 | PH1 | PHO |undefined

This is a read/write register and is not affected by reset. The bits may be
read and written at any time, but, when a pin is allocated to its alternate
function, a write to the corresponding register bit has no affect on the pin
state.

4.10.2 DDRH — Data direction register for port H

State
on reset

Data direction H (ODRH) | $007D | DDH7 | DDH6 | DDH5 | DDH4 | DDH3 | DDH2 | DDH1 | DDHO (0000 0000

Address bit7 bit6 bit5 bit4 bit3 bit2 bitl bitO

DDH[7:0] — Data direction for port H
1 = The corresponding pin is configured as an output.
0 = The corresponding pin is configured as an input.

4.11 Internal pull-up/pull-down resistors

Three of the ports (B, F and G) have internal, software selectable pull-up
resistors. Port H has both pull-up and pull-down resistors, as described
below.

MC68HC11P2 — Rev 1.0 Technical Data
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4.11.1 PPAR — Port pull-up assignment register

Address bit7 bit6 bit5 bit4 bit3 bit2 bitl bito oo
on reset
Port pull-up assignment (PPAR) | $002C | 0 | 0 | 0 | 0 HPPUEGPPUEFPPUEBPPUE 0000 1111

Bits [7:4] — Not implemented; always read zero

XxPPUE — Port x pin pull-up enable

These bits control the on-chip pull-up devices connected to all the
pins on I/O ports B, F, G and H. They are collectively enabled or
disabled via the PAREN bit in the CONFIG register (see below).
1 = Port x pin on-chip pull-up devices enabled.
0 = Port x pin on-chip pull-up devices disabled.

NOTE: Port H [7:4] have pull-up resistors; port H [3:0] have pull-down resistors.
All eight internal resistors are enabled if HPPUE is set.

NOTE: FPPUE and BPPUE have no effect in expanded mode since ports F and
B are dedicated address bus outputs.

4.12 System configuration

One bit in each of the following registers is directly concerned with the
configuration of the I/O ports. For full details on the other bits in the
registers, refer to the appropriate section.

4.12.1 OPT2 — System configuration options register 2

Address bit7 bit6 bit5 bit4 bit3 bit2 bitl bito R©
on reset
System config. options 2 (OPT2)| $0038 |LIRDV|CWOMSTRCHIRVNE| LSBF [SPR2| 0 | 0 |000x 0000

LIRDV — LIR driven (refer to Operating Modes and On-Chip Memory)
1 = Enable LIR drive high pulse.
0 = LIR only driven low — requires pull-up on pin.

Technical Data MC68HC11P2 — Rev 1.0
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System configuration

CWOM — Port C wired-OR mode
1 = Port C outputs are open-drain.
0 = Port C operates normally.

STRCH — Stretch external accesses (refer to Operating Modes and
On-Chip Memory)

1 = Off-chip accesses are extended by one E clock cycle.

0 = Normal operation.

IRVNE — Internal read visibility/not E (refer to Operating Modes and
On-Chip Memory)
1 = Data from internal reads is driven out of the external data bus.
0 = No visibility of internal reads on external bus.

In single chip mode this bit determines whether the E clock drives
out from the chip.

1 = E pin is driven low.

0 = E clock is driven out from the chip.

LSBF — LSB first enable (refer to Serial Peripheral Interface (SPI))
1 = Data is transferred LSB first.
0 = Data is transferred MSB first.

SPR2 — SPI clock rate select (refer to Serial Peripheral Interface
(SPI))

Bits 1, 0 — not implemented; always read zero.

4.12.2 CONFIG — System configuration register

Address bit7 bit6 bit5 bit4 bit3 bit2 bitl bito S&©
on reset
Configuration control (CONFIG) | $003F ROMAD 1 | 1 |PARENNOSECNOCORROMON EEON x11X 1xxx

ROMAD — ROM mapping control (refer to Operating Modes and On-
Chip Memory)

1 = ROM addressed from $8000 to $FFFF.

0 = ROM addressed from $0000 to $7FFF (expanded mode only).
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Technical Data

PAREN — Pull-up assignment register enable
1 = PPAR register enabled; pull-ups can be enabled using PPAR.
0 = PPAR register disabled; all pull-ups disabled.

NOSEC — EEPROM security disabled (refer to Operating Modes and
On-Chip Memory)

1 = Disable security.

0 = Enable security.

NOCOP — COP system disable (refer to Resets and Interrupts)
1 = COP system disabled.
0 = COP system enabled (forces reset on timeout).

ROMON — ROM enable (refer to Operating Modes and On-Chip
Memory)

1 = ROM present in the memory map.

0 = ROM disabled from the memory map.

EEON — EEPROM enable (refer to Operating Modes and On-Chip
Memory)

1 = EEPROM is present in the memory map.

0 = EEPROM is disabled from the memory map.
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Section 5. Serial Communications Interface (SCI)
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The serial communications interface (SCI) is a universal asynchronous
receiver transmitter (UART). It has a non-return to zero (NRZ) format
(one start, eight or nine data, and one stop bit) that is compatible with
standard RS-232 systems.

The MC68HC11P2 contains three serial communications interfaces, all
having similar operation. For ease of reference, a full description of SCI1
(PDO/RXD1, PD1/TXD1) is given first, followed by summaries for SCI2
and SCI3, detailing their differences.
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Serial Communications Interface (SCI)

The SCI shares I/O with two of port D’s pins:

Alternate
function

PDO RXD1
PD1 TXD1

Pin

The SCI transmit and receive functions are enabled by TE and RE
respectively, in SCCR2.

The SCI features enabled on this MCU include: 13-bit modulus
prescaler; idle line detect; receiver-active flag; transmitter and receiver
hardware parity. A block diagram of the enhanced baud rate generator
is shown in Figure 5-1. See Table 5-1 for example baud rate control

values.
internal Transmitter
. baud rate
Reset - ~16
! Sync -
13-bit compare  EQ > 2 - Receiver
baud rate
SCBDHI/L: SCI baud control clock

Figure 5-1. SCI baud rate generator circuit diagram

5.3 Data format

The serial data format requires the following conditions:

¢ Anidle-line condition before transmission or reception of a
message.

» A start bit, logic zero, transmitted or received, that indicates the
start of each character.

« Data that is transmitted and received least significant bit (LSB)
first.

Technical Data MC68HC11P2 — Rev 1.0
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Transmit operation

« A stop bit, logic one, used to indicate the end of a frame. (A frame
consists of a start bit, a character of eight or nine data bits, and a
stop bit.)

« A break (defined as the transmission or reception of a logic zero
for some multiple number of frames).

Selection of the word length is controlled by the M bit of SCCR1.

5.4 Transmit operation

The SCI transmitter includes a parallel data register (SCDRH/SCDRL)
and a serial shift register. The contents of the shift register can only be
written through the serial data registers. This double buffered operation
allows a character to be shifted out serially while another character is
waiting in the serial data registers to be transferred into the shift register.
The output of the shift register is applied to TXD as long as transmission
IS in progress or the transmit enable (TE) bit of serial communication
control register 2 (SCCR2) is set. The block diagram, Figure 5-2, shows
the transmit serial shift register and the buffer logic at the top of the
figure.

5.5 Receive operation

During receive operations, the transmit sequence is reversed. The serial
shift register receives data and transfers it to the parallel receive data
registers (SCDRH/SCDRL) as a complete word. This double buffered
operation allows a character to be shifted in serially while another
character is still in the serial data registers. An advanced data recovery
scheme distinguishes valid data from noise in the serial data stream.
The data input is selectively sampled to detect receive data, and majority
sampling logic determines the value and integrity of each bit.
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