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Chapter 1
General Description

1.1 Introduction

This document contains a detailed description of the M68HC11 E series of 8-bit microcontroller units
(MCUs). These MCUs all combine the M68HC11 central processor unit (CPU) with high-performance,
on-chip peripherals.

The E series is comprised of many devices with various configurations of:

Random-access memory (RAM)

Read-only memory (ROM)

Erasable programmable read-only memory (EPROM)

Electrically erasable programmable read-only memory (EEPROM)
Several low-voltage devices are also available.

With the exception of a few minor differences, the operation of all E-series MCUs is identical. A fully static
design and high-density complementary metal-oxide semiconductor (HCMOS) fabrication process allow
the E-series devices to operate at frequencies from 3 MHz to dc with very low power consumption.

1.2 Features

Features of the E-series devices include:

M68HC11 CPU

Power-saving stop and wait modes

Low-voltage devices available (3.0-5.5 Vdc)

0, 256, 512, or 768 bytes of on-chip RAM, data retained during standby

0, 12, or 20 Kbytes of on-chip ROM or EPROM

0, 512, or 2048 bytes of on-chip EEPROM with block protect for security
2048 bytes of EEPROM with selectable base address in the MC68HC811E2
Asynchronous non-return-to-zero (NRZ) serial communications interface (SCI)
Additional baud rates available on MC68HC(7)11E20

Synchronous serial peripheral interface (SPI)

8-channel, 8-bit analog-to-digital (A/D) converter

16-bit timer system:

— Three input capture (IC) channels

— Four output compare (OC) channels

— One additional channel, selectable as fourth IC or fifth OC

8-bit pulse accumulator
Real-time interrupt circuit

M68HC11E Family Data Sheet, Rev. 5.1
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General Description

e Computer operating properly (COP) watchdog system
e 38 general-purpose input/output (I/O) pins:
— 16 bidirectional 1/0O pins
— 11 input-only pins
— 11 output-only pins
* Several packaging options:
— 52-pin plastic-leaded chip carrier (PLCC)
— 52-pin windowed ceramic leaded chip carrier (CLCC)
— 52-pin plastic thin quad flat pack, 10 mm x 10 mm (TQFP)
— 64-pin quad flat pack (QFP)
— 48-pin plastic dual in-line package (DIP), MC68HC811E2 only
— 56-pin plastic shrink dual in-line package, .070-inch lead spacing (SDIP)

1.3 Structure

See Figure 1-1 for a functional diagram of the E-series MCUs. Differences among devices are noted in
the table accompanying Figure 1-1.

1.4 Pin Descriptions

M68HC11 E-series MCUs are available packaged in:
e 52-pin plastic-leaded chip carrier (PLCC)
e 52-pin windowed ceramic leaded chip carrier (CLCC)
e 52-pin plastic thin quad flat pack, 10 mm x 10 mm (TQFP)
* 64-pin quad flat pack (QFP)
* 48-pin plastic dual in-line package (DIP), MC68HC811E2 only
* 56-pin plastic shrink dual in-line package, .070-inch lead spacing (SDIP)
Most pins on these MCUs serve two or more functions, as described in the following paragraphs. Refer

to Figure 1-2, Figure 1-3, Figure 1-4, Figure 1-5, and Figure 1-6 which show the M68HC11 E-series pin
assignments for the PLCC/CLCC, QFP, TQFP, SDIP, and DIP packages.

M68HC11E Family Data Sheet, Rev. 5.1
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* Vppg applies only to devices with EPROM/OTPROM.
Figure 1-2. Pin Assignments for 52-Pin PLCC and CLCC
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Figure 1-3. Pin Assignments for 64-Pin QFP
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General Description
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1. Vppg applies only to devices with EPROM/OTPROM.
Figure 1-4. Pin Assignments for 52-Pin TQFP
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Figure 1-5. Pin Assignments for 56-Pin SDIP
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General Description
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Figure 1-6. Pin Assignments for 48-Pin DIP (MC68HC811E2)
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Pin Descriptions

141 VDD and VSS

Power is supplied to the MCU through Vpp and Vgs. Vpp is the power supply, Vgg is ground. The MCU

operates from a single 5-volt (hominal) power supply. Low-voltage devices in the E series operate at

3.0-5.5 volts.

Very fast signal transitions occur on the MCU pins. The short rise and fall times place high, short duration
current demands on the power supply. To prevent noise problems, provide good power supply bypassing

at the MCU. Also, use bypass capacitors that have good

high-frequency characteristics and situate them as close to the MCU as possible. Bypass requirements

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

Vb Vb
2 47kQ
IN
RESET L TO RESET
MC34(0/1)64 OF MB8HC11
GND

3

Figure 1-7. External Reset Circuit

Vpp Vb

D
IN § 47kQ
BESET L TO RESET

MC34064 OF M68HC11
GND

Vbp

MANUAL 47kQ _

RESET SWITCH
4.7 kQ
O—-NVN—
1.0 uF

N
L RESET

MC34164
GND

OPTIONAL POWER-ON DELAY AND MANUAL RESET SWITCH

Figure 1-8. External Reset Circuit with Delay
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General Description

1.4.2 RESET

A bidirectional control signal, RESET, acts as an input to initialize the MCU to a known startup state. It
also acts as an open-drain output to indicate that an internal failure has been detected in either the clock
monitor or computer operating properly (COP) watchdog circuit. The CPU distinguishes between internal
and external reset conditions by sensing whether the reset pin rises to a logic 1 in less than two E-clock
cycles after a reset has occurred. See Figure 1-7 and Figure 1-8.

CAUTION
Do not connect an external resistor capacitor (RC) power-up delay circuit
to the reset pin of M6BHC 11 devices because the circuit charge time
constant can cause the device to misinterpret the type of reset that
occurred.

Because the CPU is not able to fetch and execute instructions properly when Vp falls below the minimum
operating voltage level, reset must be controlled. A low-voltage inhibit (LVI) circuit is required primarily for
protection of EEPROM contents. However, since the configuration register (CONFIG) value is read from
the EEPROM, protection is required even if the EEPROM array is not being used.

Presently, there are several economical ways to solve this problem. For example, two good external
components for LVI reset are:

1. The Seiko S0854HN (or other S805 series devices):
a. Extremely low power (2 uA)

a. TO-92 package
a. Limited temperature range, —20°C to +70°C
a. Available in various trip-point voltage ranges

2. The Freescale MC34064:
a. TO-92 or SO-8 package

Draws about 300 uA
Temperature range —40°C to 85°C
Well controlled trip point

S

Inexpensive

Refer to Chapter 5 Resets and Interrupts for further information.

1.4.3 Crystal Driver and External Clock Input (XTAL and EXTAL)

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 is four times higher than the desired
E-clock rate.

The XTAL pin must be left unterminated when an external CMOS- compatible clock input is connected to
the EXTAL pin. The XTAL output is normally intended to drive only a crystal. Refer to Figure 1-9 and
Figure 1-10.

CAUTION
In all cases, use caution around the oscillator pins. Load capacitances
shown in the oscillator circuit are specified by the crystal manufacturer and
should include all stray layout capacitances.

M68HC11E Family Data Sheet, Rev. 5.1
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EXTAL *

—  4xE
E1 CRYSTAL

MCU 10 MQ

XTAL

Figure 1-9. Common Parallel Resonant Crystal Connections

EXTAL

4xE
CMOS-COMPATIBLE
EXTERNAL OSCILLATOR

A

MCU

XTAL— NC

Figure 1-10. External Oscillator Connections

1.4.4 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 fourth that of the input frequency at the XTAL and
EXTAL pins. 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. To reduce RFI emissions, the
E-clock output of most E-series devices can be disabled while operating in single-chip modes.

The E-clock signal is always enabled on the MC68HC811E2.

1.4.5 Interrupt Request (IRQ)

The IRQ input provides a means of applying asynchronous interrupt requests to the MCU. Either negative
edge-sensitive triggering or level-sensitive triggering is program selectable (OPTION register). IRQ is
always configured to level-sensitive triggering at reset. When using IRQ in a level-sensitive wired-OR
configuration, connect an external pullup resistor, typically 4.7 kQ, to Vpp.

1.4.6 Non-Maskable Interrupt (XIRQ/Vppg)

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 pullup resistor to Vpp. XIRQ is often used as a power loss detect interrupt.

Whenever XIRQ or IRQ is used with multiple interrupt sources each source must drive the interrupt input
with an open-drain type of driver to avoid contention between outputs.

M68HC11E Family Data Sheet, Rev. 5.1
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General Description

NOTE
IRQ must be configured for level-sensitive operation if there is more than
one source of IRQ interrupt.

There should be a single pullup resistor near the MCU interrupt input pin (typically 4.7 kQ2). 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 sources are
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 Chapter 5 Resets and Interrupts.

Vppg is the input for the 12-volt nominal programming voltage required for EPROM/OTPROM
programming. On devices without EPROM/OTPROM, this pin is only an XIRQ input.

CAUTION
During EPROM programming of the MC68HC711E9 device, the Vppg pin
circuitry may latch-up and be damaged if the input current is not limited to
10 mA. For more information please refer to MC68HC711E9 8-Bit
Microcontroller Unit Mask Set Errata 3 (Freescale document order number
68HC711E9MSES.

1.4.7 MODA and MODB (MODA/LIR and MODB/Vs7gy)

During reset, MODA and MODB select one of the four operating modes:
* Single-chip mode
e Expanded mode
¢ Test mode
* Bootstrap mode

Refer to Chapter 2 Operating Modes and On-Chip Memory.

After the operating mode has been selected, the load instruction register (LIR) pin provides an open-drain
output to indicate that execution of an instruction has begun. 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.

The Vgrgy pin is used to input random-access memory (RAM) standby power. When the voltage on this
pin is more than one MOS threshold (about 0.7 volts) above the Vpp voltage, the internal RAM and part
of the reset logic are powered from this signal rather than the Vpp input. This allows RAM contents to be
retained without Vpp 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.

1.4.8 VRL and VRH

These two inputs provide the reference voltages for the analog-to-digital (A/D) converter circuitry:
* Vg is the low reference, typically 0 Vdc.
* VRy is the high reference.
For proper A/D converter operation:
* Vpgy should be at least 3 Vdc greater than Vg, .
* Vg, and VRy should be between Vgg and Vpp.

M68HC11E Family Data Sheet, Rev. 5.1
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1.4.9 STRA/AS

The strobe A (STRA) and address strobe (AS) pin performs either of two separate functions, depending
on the operating mode:

¢ In single-chip mode, STRA performs an input handshake (strobe input) function.
* In the expanded multiplexed mode, AS provides an address strobe function.

AS can be used to demultiplex the address and data signals at port C. Refer to Chapter 2 Operating
Modes and On-Chip Memory.

1.4.10 STRB/R/W

The strobe B (STRB) and read/write (R/W) pin act as either an output strobe or as a data bus direction
indicator, depending on the operating mode.

In single-chip operating mode, STRB acts as a programmable strobe for handshake with other parallel
devices. Refer to Chapter 6 Parallel Input/Output (1/0O) Ports for further information.

In expanded multiplexed operating mode, R/W is used to indicate the direction of transfers on the external
data bus. A low on the R/W pin indicates data is being written to the external data bus. A high on this pin
indicates that a read cycle is in progress. R/W stays low during consecutive data bus write cycles, such
as a double-byte store. It is possible for data to be driven out of port C, if internal read visibility (IRV) is
enabled and an internal address is read, even though R/W is in a high-impedance state. Refer to
Chapter 2 Operating Modes and On-Chip Memory for more information about IRVNE (internal read
visibility not E).

1.4.11 Port Signals

Port pins have different functions in different operating modes. Pin functions for port A, port D, and port
E are independent of operating modes. Port B and port C, however, are affected by operating mode. Port
B provides eight general-purpose output signals in single-chip operating modes. When the microcontroller
is in expanded multiplexed operating mode, port B pins are the eight high-order address lines.

Port C provides eight general-purpose input/output signals when the MCU is in the single-chip operating
mode. When the microcontroller is in the expanded multiplexed operating mode, port C pins are a
multiplexed address/data bus.

Refer to Table 1-1 for a functional description of the 40 port signals within different operating modes.
Terminate unused inputs and input/output (I/O) pins configured as inputs high or low.

1.4.12 Port A

In all operating modes, port A can be configured for three timer input capture (IC) functions and four timer
output compare (OC) functions. An additional pin can be configured as either the fourth IC or the fifth OC.
Any port A pin that is not currently being used for a timer function can be used as either a general-purpose
input or output line. Only port A pins PA7 and PA3 have an associated data direction control bit that allows
the pin to be selectively configured as input or output. Bits DDRA7 and DDRAS located in PACTL register
control data direction for PA7 and PAS, respectively. All other port A pins are fixed as either input or
output.

PA7 can function as general-purpose I/O or as timer output compare for OC1. PA7 is also the input to the
pulse accumulator, even while functioning as a general-purpose I/O or an OC1 output.
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