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This reference manual is a valuable aid in the development of M6BHC11
applications. Detailed descriptions of all internal subsystems and
functions have been developed and carefully checked against internal
Motorola design documentation, making this manual the most
comprehensive reference available for the M6BHC11 Family of
microcontroller units (MCU).

Practical applications are included to demonstrate the operation of each
subsystem. These applications are treated as complete systems,
including hardware/software interactions and tradeoffs. Interfacing
technigues to prevent component damage are discussed to aid the
hardware designer. For software programmers, Section 6. Central
Processor Unit (CPU) and Appendix A. Instruction Set Details
contain examples demonstrating efficient use of the instruction set.

This manual is intended to complement Motorola’s official data sheet,
not replace it. The information in the data sheet is current and is
guaranteed by production testing. Although the information in this
manual was checked against parts and design documentation, the
accuracy is not guaranteed like the data sheet is guaranteed. This
manual assumes the reader has some basic knowledge of MCUs and
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General Description

assembly-language programming; it may not be appropriate as an
instruction manual for a first-time MCU user.

The information in this manual is much more detailed than would usually
be required for normal use of the MCU, but a user who is familiar with
the detailed operation of the part is more likely to find a solution to an
unexpected system problem. In many cases, a trick based on software
or on-chip resources can be used rather than building expensive
external circuitry. Data sheets are geared toward customary,
straightforward use of the on-chip peripherals; whereas, an experienced
MCU user often uses these on-chip systems in very unexpected ways.
The level of detail in this manual will help the normal user to better
understand the on-chip systems and will allow the more advanced user
to make maximum use of the subtleties of these systems.

In addition to this manual, the data sheet(s) or technical data is needed
for the specific version(s) of the M68HC11 being used. A pocket
reference guide is another beneficial source.

1.3 General Description of the MC68HC11A8

Reference Manual

The high-density complementary metal-oxide semiconductor (HCMOS)
MC68HC11A8 is an advanced 8-bit MCU with highly sophisticated,
on-chip peripheral capabilities. New design techniques were used to
achieve a nominal bus speed of 2 MHz. In addition, the fully static design
allows operation at frequencies down to dc, further reducing power
consumption.

The HCMOS technology used on the MC68HC11A8 combines smaller
size and higher speeds with the low-power and high-noise immunity of
CMOS. On-chip memory systems include:

« 8 Kbytes of read-only memory (ROM)
« 512 bytes of electrically erasable programmable ROM (EEPROM)

» 256 bytes of random-access memory (RAM)

Major peripheral functions are provided on-chip. An 8-channel
analog-to-digital (A/D) converter is included with eight bits of resolution.
An asynchronous serial communications interface (SCI) and a separate
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1.4 Programmer’s
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General Description
Programmer’s Model

synchronous serial peripheral interface (SPI) are included. The main
16-bit, free-running timer system has three input-capture lines, five
output-compare lines, and a real-time interrupt function. An 8-bit pulse
accumulator subsystem can count external events or measure external
periods.

Self-monitoring circuitry is included on-chip to protect against system
errors. A computer operating properly (COP) watchdog system protects
against software failures. A clock monitor system generates a system
reset in case the clock is lost or runs too slow. An illegal opcode
detection circuit provides a non-maskable interrupt if an illegal opcode is
detected.

Two software-controlled power-saving modes, wait and stop, are
available to conserve additional power. These modes make the
M68HC11 Family especially attractive for automotive and battery-driven
applications.

Figure 1-1 is a block diagram of the MC68HC11A8 MCU. This diagram
shows the major subsystems and how they relate to the pins of the MCU.
In the lower right-hand corner of this diagram, the parallel input/output
(I/O) subsystem is shown inside a dashed box. The functions of this
subsystem are lost when the MCU is operated in expanded modes, but
the MC68HC24 port replacement unit can be used to regain the
functions that were lost. The functions are restored in such a way that
the software programmer is unable to tell any difference between a
single-chip system or an expanded system containing the MC68HC24.
By using an expanded system containing an MC68HC24 and an
external EPROM, the user can develop software intended for a
single-chip application.

Model

In addition to executing all M6800 and M6801 instructions, the
M68HC11 instruction set includes 91 new opcodes. The nomenclature
M68xx is used in conjunction with a specific CPU architecture and
instruction set as opposed to the MC68HC11xx nomenclature, which is
a reference to a specific member of the M68HC11 Family of MCUs.
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Figure 1-2 shows the seven CPU registers available to the programmer.
The two 8-bit accumulators (A and B) can be used by some instructions
as a single 16-bit accumulator called the D register, which allows a set
of 16-bit operations even though the CPU is technically an 8-bit
processor.

The largest group of instructions added involve the Y index register.
Twelve bit manipulation instructions that can operate on any memory or
register location were added. The exchange D with X and exchange D
with Y instructions can be used to quickly get index values into the
double accumulator (D) where 16-bit arithmetic can be used. Two 16-bit
by 16-bit divide instructions are also included.

7 ACCUMULATOR A 0 7 ACCUMULATOR B 0 AB
15 DOUBLE ACCUMULATOR D 0 D
15 INDEX REGISTER X 0 IX
15 INDEX REGISTER Y 0 Y
15 STACK POINTER 0 SP
15 PROGRAM COUNTER 0 PC
7 0
CONDITION CODE REGISTER S X H | N Z V C CCR

M68HC11 — Rev. 5
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I INTERRUPT MASK
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XINTERRUPT MASK
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Figure 1-2. M68HC11 Programmer’s Model
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1.5 Product Derivatives

The M68HC11 Family of MCUs is composed of the product members
listed in Table 1-1. Figure 1-3 explains how the product part numbers
are constructed.

Table 1-1. M68HC11 Family Members

. Bus
Operating
ROM RAM |EPROM/OTP |EEPROM . Frequency
i (1)
Product (KBytes) | Bytes)| (KBytes) (Bytes) Timer Serial A/D |PWM| Voltage (Max)
V)
(MHz)
3/41C SClI
MC68HC11D0 — 192 — — 4/5 OC SP] — — 3.0,5.0 3
3/41C SClI
MC68HC11D3 4 192 — — 4/5 OC SP] — — 3.0,5.0 3
3/41C SClI 8-CH
MC68HC11E0 — 512 — — 4/5 OC SP] 8-bit | — 3.0,5.0 3
3/41C SClI 8-CH
MC68HC11E1 — 512 — 512 4/5 OC Spl 8-bit — 3.0,5.0 3
3/41C SClI 8-CH
MC68HC11E2 — 256 — 2048 4/5 OC SP] 8-bit | — 5.0 2
3/41C SClI 8-CH
MC68HC11E9 12 512 — 512 4/5 OC SP] 8-bit | — 3.0,5.0 3
3/41C SClI 8-CH
MC68HC11E20 20 768 — 512 4/5 OC S s-bit | — 5.0 3
3/41C SClI 8-CH
MC68HC11F1 — 1 — 512 4/5 OC Sp 8-bit — 3.0,5.0 5
4-CH
8-bit
3/41C SClI 8-CH
MC68HC11KO0 — 768 — — 4/5 OC SPI 5-bit or 3.0,5.0 4
2-CH
16-bit
4-CH
3a1c | sci+ |scH | 8Pt
MC68HC11K1 — 768 — 640 4/5 OC SP 8-bit or 3.0,5.0 4
2-CH
16-bit
4-CH
3a1c | sci+ |scH | 8Pt
MC68HC11K4 24 768 — 640 4/5 OC SP 8-bit or 3.0,5.0 4
2-CH
16-bit
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Table 1-1. M68HC11 Family Members (Continued)

. Bus
Operating
ROM RAM |EPROM/OTP |EEPROM |_. . Frequency
(€]
Product (KBytes) | Bytes)| (KBytes) (Bytes) Timer Serial A/D |PWM| Voltage (Max)
V) (MHz)

3/41C SCIl+ | 8-CH
MC68HC11KS2 — 1 32 640 4/5 OC Spl 8pit | 5.0 4

4-CH

8-hit
3/41C SCI+ |10-CH
MC68HC11KW1 — 768 — 640 4/5 OC SP 10-bit or 5.0 4

2-CH
16-bit
4-CH
Triple 8-bit
MC68HC11P1 — 1 — 640 3/5‘“0% SClI 88%:;' or 5.0 4
SPI 2-CH
16-bit
4-CH
Triple 8-bit
MC68HC11P2 32 1 — 640 j/;llo% SCI %%E‘ or 5.0 4
SPI 2-CH
16-bit
3/41C SClI
MC68HC711D3 — 192 4 — 4/5 OC SP] — — 5.0 3

3/41C SCI 8-CH
MC68HC711E9 — 512 12 512 4/5 OC Spl 8-bit | — 3.0,5.0 4

3/41C SCI 8-CH
MC68HC711E20 — 768 20 512 4/5 0C Spl s-bit | — 5.0 4

3/41C SCIl+ | 8-CH
MC68HC711KS2 — 1 32 640 4/5 OC SPl 8-bit | — 5.0 4

1. All M68HC11s include an 8-channel 16-bit timer with real-time interrupt and pulse accumulator. All timers have three input
captures, four output compares, and an eighth channel that can be configured as a fourth input capture or a fifth output
compare.
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MC 68 HC P 7 11XX B C FN 3 R2

QUALIFICATION LEVEL
MC — FULLY SPECIFIED AND QUALIFIED
XC — PILOT PRODUCTION DEVICE
PC — ENGINEERING SAMPLE

il

NUMERIC DESIGNATOR (OPTIONAL)

OPERATING TEMPERATURE RANGE
HC — HCMOS (Vpp = 5.0 VDC + 10%)
L — HCMOS (Vpp = 3.0 VDC TO 5.5 VDC)

COP OPTION (ONLY ON A-SERIES DEVICES)
NONE — COP DISABLED
P — COP ENABLED

MEMORY TYPE
BLANK — MASKED ROM OR NO ROM
7 — EPROM/OTPROM
8 — EEPROM

BASE PART NUMBER
11A8, 11D3, 11E9, 11K4, ETC.

MONITOR MASK
NONE — BLANK
B — BUFFALO

TEMPERATURE RANGE
NONE — 0°C TO 70°C
C — —40°C TO 85°C
V — —40°C TO 105°C
M — —40°C TO 125°C

PACKAGE TYPE
FN — 44/52/68/84-PIN PLCC
FS — 44/52/68/84-PIN CLCC
FU — 64/80-PIN CFP
FB — 44-PIN CFP
PV — 122-PIN TCFP
PU — 80/100-PIN TCFP
PB — 52-PIN TCFP
P — 40/48-PIN DIP
S — 48-PIN SDIP

MAXIMUM SPECIFIED CLOCK SPEED

2—2.0 MHz
3 — 3.0 MHz
4 — 4.0 MHz

TAPE AND REEL OPTION
NONE — STANDARD PACKAGING
R2 — TAPE AND REEL PACKAGING

Figure 1-3. Part Numbering
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This section discusses the functions of each pin on the MC68HC11AS8,
a typical example of an M68HC11 Family part. Most pins on this
microcontroller unit (MCU) serve two or more functions. Information
about the practical use of each pin is presented in these pin descriptions.
This section also includes information concerning pins that are exposed
to illegal levels or conditions. The most common source of illegal levels
or conditions is transient noise; however, a designer may want to take
precautions against potential misapplication of a product or failures of
other system components such as power supplies. Consideration of
these factors can influence end-product reliability.

The basic connections for single-chip mode and expanded mode
applications are presented in 2.8 Typical Single-Chip Mode System
Connections and 2.7 Typical Expanded Mode System Connections.
These basic systems can be used as the starting point for any user
application and can minimize the time required to achieve a working
prototype system. The explanation of these basic systems includes
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information concerning additions, such as additional memory on the
expanded system.

System noise generation and susceptibility primarily depend on each
system and its environment. The MC68HC11A8 is designed for higher
bus speeds than earlier MCUs. Since it is high-density complementary
metal-oxide semiconductor (HCMOS), signals drive from rail to rail,
unlike earlier N-channel metal-oxide semiconductor (NMOS)
processors. Since these factors can significantly affect noise issues, the
system designer should consider these changes.

2.3 Packages and Pin Names

M68HC11 — Rev. 5

Figure 2-1 through Figure 2-6 show pin assignments for several
members of the M6BHC11 Family. The pin assignments for the
MC68HC24 port replacement unit (PRU) are also presented for
reference although the PRU is not discussed in detail in this manual.

Detailed mechanical data for packages are located in the data sheets or
technical summaries for individual parts. Ordering information, which
relates part number suffixes to package types and operating
temperature range, are also found in the data sheets or technical
summaries.
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2.3.1 MC68HC11A8

The MC68HC11A8 is available in either a 52-pin plastic leaded chip
carrier (PLCC) package or a 48-pin dual-in-line package (DIP). The
silicon die is identical for both packages, but four of the analog-to-digital
(A/D) converter inputs are not bonded out to pins in the 48-pin DIP. The
MC68HC11A1 and MC68HC11A0 devices also use the same die as the
MC68HC11A8, except that the contents of the nonvolatile configuration
(CONFIG) register determine whether internal read-only memory (ROM)
and/or electrically erasable programmable ROM (EEPROM) are
disabled. These downgraded device versions have identical pin
assignments as the MC68HC11A8.

Figure 2-1 shows the pin assignments for the MC68HC11A8 in the
52-pin PLCC package and the 48-pin DIP package.
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2.3.2 MC68HC11D3/MC68HC711D3

The MC68HC11D3 is available in either a 44-pin PLCC package or a

Pins and Connections
Packages and Pin Names

40-pin DIP package. The silicon die is identical for both packages, but
the PLCC version has two additional output compare pins bonded out
and an extra Vgg pin named EVgg. The MC68HC711D3 is functionally
equivalent to the MC68HC11D3 but has four Kbytes of erasable
programmable ROM (EPROM) instead of mask programmed ROM. The
MC68HC711D3 is available as a one-time-programmable (OTP) MCU in
an opaque plastic package or in a ceramic windowed package for

development applications.

Figure 2-2 shows the pin assignments for the MC68HC11D3/
MC68HC711D3 in the 44-pin PLCC package and the 40-pin DIP

package.
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Figure 2-2. MC68HC11D3/711D3 Pin Assignments
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2.3.3 MC68HC11E9/MC68HC711E9
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The MC68HC11E9 is available in a 52-pin PLCC package only. The
MC68HC11E1 and MC68HC11EO devices also use the same die as the
MC68HC11E9, except that the contents of the nonvolatile CONFIG
register determine whether internal ROM and/or EEPROM are disabled.
These downgraded device versions have identical pin assignments as
the MC68HC11E9.

The MC68HC11E9 is an upgrade of the MC68HC11A8. The
MC68HC11E9 has 12 Kbytes of mask ROM, 512 bytes of EEPROM,
and 512 bytes of RAM. The timer system allows one output-compare
channel to be reconfigured as a fourth input-capture channel.

The MC68HC711E9 is functionally equivalent to the MC68HC11E9 but
has 12 Kbytes of EPROM instead of mask programmed ROM. The
MC68HC711E9 is available as a one-time-programmable (OTP) MCU in
an opaque plastic package or in a ceramic windowed package for
development applications.

Figure 2-3 shows the pin assignments for the MC68HC11E9 in the
52-pin PLCC package. These pin assignments are the same as the
MC68HC11A8, except for the pin name for the PA3/IC4/0OC5/0OC1 pin.
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Figure 2-3. MC68HC11E9/711E9 Pin Assignments (52-Pin PLCC)

2.3.4 MC68HC811E2

The MC68HCB811E2 is very similar to the MC68HC11E9 version, except
in the on-chip memory. The MC68HC811E2 includes two Kbytes of
EEPROM, which can be remapped to the upper half of any 4-Kbyte page
in the 64 Kbyte map. There is no masked ROM memory in the
MC68HC811E2. The MC68HCB811E?2 is available in either a 52-pin
PLCC package or a 48-pin DIP. The silicon die used is the same for both
packages, but four of the analog-to-digital (A/D) converter inputs are not
bonded out to pins in the 48-pin package.

The MC68HCB811EZ2 version replaces an earlier version called the
MC68HC811A2. The only significant difference between the
MC68HC811E2 and MC68HC811A2 is that the MC68HC811E2 has a
slightly more flexible timer system, which allows one output-compare
channel to be reconfigured as a fourth input-capture channel.

M68HC11 — Rev. 5 Reference Manual
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The 52-pin PLCC package version of the MC68HC811E2 has identical
pin assignments to the MC68HC11E9 pin assignments shown in
Figure 2-3. Figure 2-4 illustrates the pin assignments for the
MC68HC811E2 in the 48-pin DIP.
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Figure 2-4. MC68HC811E2 Pin Assignments (48-Pin DIP)
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2.3.5 MC68HC11F1

The MC68HC11F1 is available only in a 68-pin PLCC package. The
MC68HC11F1 was the first non-multiplexed address/data bus version in
the M6BHC11 Family. In addition to the non-multiplexed bus, this MCU
includes one Kbyte of on-chip RAM and intelligent chip selects for simple
connection to external program memory without the need for any
external logic chips. Other on-chip peripherals are similar to the
MC68HC11E9. Figure 2-5 shows the pin assignments for the
MC68HC11F1 in the 68-pin PLCC package.
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Figure 2-5. MC68HC11F1 Pin Assignments (68-Pin PLCC)
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2.3.6 MC68HC24 Port Replacement Unit

STRA
PCO
PC1
pC2
PC3

NC
PC4
PC5
PC6
PC7

Though no longer in production, the MC68HC24 PRU was used to
replace I/O functions of data and address pins in emulators. It was
available in either a 44-pin PLCC package or a 40-pin DIP. Figure 2-6
shows the pin assignments for the MC68HC24 in the 44-pin PLCC
package and the 40-pin DIP package.
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Figure 2-6. MC68HC24 Pin Assignments

2.4 Pin Descriptions

Reference Manual

This section provides a pin-by-pin description of the MCU. In general, a
designer should consider all possible functions of each pin when
designing the MCU into an application system.

e Section 7. Parallel Input/Output contains transistor-level
schematics of the logic associated with each of the 1/0 pins.

e Section 3. Configuration and Modes of Operation discusses
the pins that operate as a multiplexed address/data bus in
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expanded modes of operation as well as the functions of other
pins related to mode selection and bus control.

* The reset and interrupt pins are presented again in Section 5.
Resets and Interrupts.

* These sections discuss pins related to the on-chip peripherals
presented in those sections:

— Section 8. Synchronous Serial Peripheral Interface

— Section 9. Asynchronous Serial Communications
Interface

— Section 10. Main Timer and Real-Time Interrupt
— Section 11. Pulse Accumulator
— Section 12. Analog-to-Digital Converter System
Figure 1-1. Block Diagram is a pin-function-oriented block diagram of

the MC68HC11A8, which is a good reference for development and
verification of application designs.

2.4.1 Power-Supply Pins (Vpp and Vgg)

M68HC11 — Rev. 5

Power is supplied to the MCU by using these pins. Vpp is the positive
power input, and Vgg is ground. The MC68HC11A8 MCU uses a single
power supply, but in some applications, there may also be optional
power supplies for A/D reference and/or for battery backup of on-chip
random-access memory (RAM). These additional power sources are
optional, and the MCU, including RAM and A/D, can operate from a
single 5-V (nominal) power supply.

Although the MC68HC11A8 is a complementary metal-oxide
semiconductor (CMOS) device, very fast signal transitions are present
on many of the pins. Even when the MCU is operating at slow clock
rates, short rise and fall times are present. Depending on the loading on
these fast signals, significant short-duration current demands can be
placed on the MCU power supply. Special care must be taken to provide
good power-supply bypassing at the MCU.
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The faster edge times in the MC68HC11A8 generally place greater
demands on bypassing than earlier NMOS (N-channel MOS) MCU
designs. A typical expanded-mode system should include a 1-uF
capacitor and a separate 0.01-pF capacitor. Both these capacitors
should be as close (physically and electrically) as possible to the
MC68HC11A8 and should have good high-frequency characteristics (for
instance, not old-technology dipped ceramic disc). The 1-uF capacitor
primarily supplies charge for bus switching through a very
low-impedance path (minimum-length runners). Without this bypass,
there could be very large voltage drops in the circuit board runners to the
MCU due to the very high (although very short duration) current spike
caused by several MCU pins simultaneously switching from one level to
the other. The separate 0.01-uF capacitor is included because the larger
1-uF capacitor is typically not as good at snubbing very high-frequency
(low energy) noise. These are only general recommendations. Some
lightly loaded single-chip systems may work quite well with a single
0.1-yF bypass capacitor; whereas, more heavily loaded
expanded-mode systems may require more elaborate bypassing
measures.

It is easier and less expensive to approach power-supply layout and
bypassing as a preventive measure from the beginning of a design than
to locate and correct a noise problem in a marginal design. Problems
related to inadequate power-supply layout and bypassing are very
difficult to locate and correct, but, if reasonable care is taken from the
start of a design, noise should not become a problem.

2.4.2 Mode Select Pins (MODB/Vgrgy and MODA/LIR)

Reference Manual

The mode B/standby RAM supply (MODB/Vgtgy) pin functions as both
a mode select input pin and a standby power-supply pin. The mode
Alload instruction register (MODA/ﬁ) pin is used to select the MCU
operating mode while the MCU is inreset, and it operates as a diagnostic
output signal while the MCU is executing instructions.

The hardware mode select mechanism starts with the logic levels on the
MODA and MODB pins while the MCU is in the reset state. The logic
levels on the MODA and MODB pins are fed into the MCU via a clocked
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pipeline path. The levels captured are those that were present part of a
clock cycle before the RESET pin rose, which ensures there will be a
zero hold-time requirement on the mode select pins relative to the rising
edge at the RESET pin. The captured levels determine the logic state of
the special mode (SMOD) and mode A select (MDA) control bits in the
highest priority interrupt (HPRIO) register. These two control bits actually
control the logic circuits involved in hardware mode selection. Mode A
selects between single-chip modes and expanded modes; mode B
selects between the normal variation and the special variation of the
chosen operating mode. Bootstrap mode is the special variation of
single-chip mode, and special test is the special variation of expanded
mode. Table 2-1 summarizes the operation of the mode pins and mode
control bits.

Table 2-1. Hardware Mode Select Summary

Inputs Control Bits in HPRIO (Latched at Reset)
Mode Description
MODB | MODA RBOOT SMOD MDA IRV
1 0 Normal single chip 0 0 0 0
1 1 Normal expanded 0 0 1 0
0 0 Special bootstrap 1 1 0 1
0 1 Special test 0 1 1 1

After RESET is released, the mode select pins no longer influence the
MCU operating mode. The MODA pin serves the alternate function of
load instruction register (ﬁ) 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 serves the alternate function of a
standby power supply (Vstgy) to maintain RAM contents when Vpp is
not present. The power-saving mode, stop, is an alternate way to save
RAM contents, which does not require a separate standby power
source.

The LIR function is intended for monitoring on a logic analyzer during
debug of a system. Since this status indicator shows where each
instruction begins, programs can be followed easily. The mode A select
levels and the LIR status levels were selected to prevent interference
between the shared functions of the pin. In single-chip applications, this
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pin is simply connected to Vgg. Since the LIR output is open-drain, there
IS no conflict between the direct Vgg connection and the LIR signal that
drives the pin low during the first E cycle of each instruction. There is no
practical reason to monitor LIR during single-chip modes because there
Is no visibility to internal data and address buses. In expanded-mode
systems, the MODA/LIR pin is normally pulled up to Vpp by a 4.7-kQ
resistor. During reset, the pullup resistor instructs the MODA pin to
select expanded modes. During-program execution, the pin is driven low
during the first cycle of each instruction by the LIR signal and is pulled
up between LIR signals by the external 4.7-kQ pullup.

In expanded-mode systems where it is important to minimize
power-supply current, logic could be used to drive the MODA/LIR pin
rather than just using a simple pullup (see Figure 2-7). During reset, the
MODA pin would be driven high to select expanded mode. After reset,
the LIR pin would be driven low by logic. The logic should not be
operating against a pullup, but rather it should be a logic-gate-type
output with some series resistance to protect against the unlikely event
of a conflict between an active-low LIR signal and an active-high
logic-gate output signal. Such a conflict could only occur briefly at the
falling edge of reset. Since LIR is active for about one out of every three
cycles during normal execution (average instructions take about three
cycles), Ipp could be reduced by about 350 pA (5V + 4.7 kQ x 33% duty
cycle).

T4HC04
47K )
RESET I>c TO MODAILIR

OF M68HC11

Figure 2-7. Reduced Ipp MODA/LIR Connections

The Vgrgy function is accomplished by a transistor switch that connects
either Vgtgy Or Vpp to the RAM and reset logic, depending upon the
relative levels of Vgrgy and Vpp. The switch connects Vpp unless Vgrgy
iIs more than a threshold higher than Vpp. A threshold is approximately
a diode drop (0.7 V) but varies from lot to lot due to processing
variations. During normal operation of the MCU, Vpp is supplying power
to the RAM. In a standby situation, Vgtgy should be maintained at a valid
level, and RESET should be activated (pulled low) when Vpp drops
below legal limits. RESET should always be held low whenever Vpp is
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below its operating limit. If the MCU is to be operated in a special mode
(MODB low before applying reset) and the MODB/Vgtgy pin is being
used to back up the RAM, the MODB/Vgtgy pin should not be driven low
unless Vpp is at (has returned to) a legal level. Some logic may be
required in systems that use MODB/Vg1gy as a standby supply and want
to use one of the special modes of operation. In most applications, the
MODB pin would be connected to Vpp through a 4.7 kQ pullup resistor
for normal modes or directly to ground for special modes.

There are two ways to maintain the contents of on-chip RAM with
minimal power consumption (as in a battery-based application).

* The preferred method uses the stop mode of operation.

» The second method uses the MODB/Vg1gy pin (see Figure 2-8).

Each of these methods has advantages. The stop mode method is
preferred because it is much simpler than the separate power-supply
method in terms of hardware costs and complexity. The STOP method
saves power by stopping all MCU clocks, which reduces the Vpp current
to a few microamps. No external logic is needed, and the contents of
internal registers are maintained in addition to the contents of internal
RAM.

The MODB/Vgtgy pin method would be used in cases where there is a
significant amount of external circuitry operating from Vpp so that the
added complexity of two supplies and added logic is justified by the
power savings.

VoD
MAX
690
VoD
47K
VOUT _/\/\/ﬁ TO MODBNSTBY
OF M68HC11
v
48V BATT
NiCd

[ .

Figure 2-8. RAM Standby MODB/Vgtgy Connections
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2.4.3 Crystal Oscillator and Clock Pins (EXTAL, XTAL, and E)

Reference Manual

The oscillator pins can be used with an external crystal network or an
externally generated CMOS-compatible clock source. The frequency
applied to these pins is four times higher than the desired bus frequency
(E-clock rate). The E clock is the bus frequency clock output, which is
used as a basic timing reference signal. When the E clock is low
(address portion of a bus cycle), an internal process is occurring; when
E is high, data is being addressed. The E clock is free running at
one-fourth the crystal frequency as long as the oscillator is active (stop
mode stops all clocks).

The oscillator in the MC68HC11A8 consists of a large 2-input NAND
gate. One of the inputs to this gate is driven by an internal signal that
disables the oscillator when the MCU is in the stop mode. The other input
is the EXTAL input pin of the MCU. The output of this NAND gate is the
XTAL output pin of the MCU.

The XTAL pin is normally left unterminated when using an external
CMOS-compatible clock input to the EXTAL pin. However, a 10-kQ to
100-kQ load resistor to ground may be used to reduce generated radio
frequency interference (RFI) noise emission. The XTAL output is
normally intended to drive only a crystal, but XTAL can be used as a

4 x clock output if special care is taken to avoid undesirable loading. The
XTAL output may be buffered with a high-impedance buffer such as the
74HCO04, or it may be used to drive the EXTAL input of another
M68HC11 MCU. In all cases, the circuit-board layout around the
oscillator pins is critical. Load capacitances specified in the data sheets
and technical summary include all stray layout capacitances. Thus, the
physical capacitors connected to these pins should always be less than
the specified load capacitances by the estimated interconnection
capacitances.

Figure 2-9 and Figure 2-10 show the internal and external components
that form the crystal oscillator, called a Pierce oscillator (also known as
a parallel resonant crystal oscillator).

Figure 2-9 shows the connections for high-frequency crystals (greater
than 1 MHz), and Figure 2-10 shows connections for low-frequency
operation (less than 1 MHz). The resistor, Ry, provides a direct current
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bias to the input so the NAND operates in its linear region. In
low-frequency designs, Rg and C2 provide a phase shift. Rg also limits
the power into the crystal, which is important for many small crystals
because they are designed for very low drive levels (typically 1-uwW
maximum). In high-frequency applications (see Figure 2-9), the output
impedance of the NAND driver, combined with the lower impedance of
Cland C2, provides the same effect as the Rg in low-frequency designs.
Higher frequency AT-cut crystals are designed for much higher drive
levels.

Exact values for the external components are a function of wafer
processing parameters, package capacitance, printed circuit board
(PCB) capacitance and inductance, socket capacitance, operating
voltage, crystal technology, and frequency.

Typical values are:

Rt =1 MQ-20 MQ Higher values are sensitive to humidity;
lower values reduce gain and could
prevent startup.

Cl1l =5 pF-25 pF Value is usually fixed.
C2 =5 pF-25 pF Value may be varied to trim frequency.

STOP

Banleh

M68HC11

EXTAL XTAL
R ¢
—— \N—¢
XTAL
C1l C2

Figure 2-9. High-Frequency Crystal Connections
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STOP

BDanleh

M68HC11
EXTAL XTAL
i
r—AAN—
XTAL
lc 1 cC2

Figure 2-10. Low-Frequency Crystal Connections

A tune-up procedure for experimentally determining Rg is discussed at
the conclusion of this subsection. Since circuit and layout capacitances
effectively add to the values of C1 and C2, the physical capacitances are
usually smaller than the intended capacitances.

In most high-frequency applications, the values of C1 and C2 are equal.
In low-frequency designs, it is often desirable to make C1 smaller than
C2, which provides a higher voltage at the EXTAL input due to an
impedance transformation. The wider voltage swing at this input will
result in lower power-supply current.

As in all crystal oscillator designs, all leads should be kept as short as
possible. It is also good practice to route Vgg paths as shown in
Figure 2-11. These paths isolate the oscillator input from the output and
the oscillator from adjacent circuitry, only adding capacitance in parallel
with C1 and C2. Potentially noisy lines should be kept as far as possible
from the oscillator components. Ground loops should be avoided around
oscillator components (note the unterminated Vgg paths ending under
Cl and C2in Figure 2-11).
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CRYSTAL

PIN 7
EXTAL

/0 000 00O
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(- -] (- -]
(- -] (- -]
0000000O0CO0

0000000

Figure 2-11. Crystal Layout Example

Usually, the operation of the oscillator cannot be observed with an
oscilloscope connected to one of the oscillator pins. The oscilloscope
adds from 3 to 30 pF and from 1 to 10 MQ to Vg, which will usually affect
oscillator operation. When the oscilloscope is connected to the EXTAL
input, the 10 MQ to Vg (oscilloscope input) forms a resistive divider with
R¢ and often disables the oscillator by biasing the circuit out of the linear
region of the EXTAL input. This problem can sometimes be overcome by
capacitively coupling the oscilloscope with a very small capacitor

(1-5 pF) between the oscilloscope probe and the oscillator pin. It is
usually better to observe the E-clock output from the MCU since this
does not alter the operation of the oscillator.

In low-frequency designs, it is often possible to observe the XTAL node
with an oscilloscope because the high-impedance nodes of the oscillator
are isolated from XTAL by Rg. Observe |5 without the oscilloscope
connected and again with the oscilloscope connected. If the Ipp IS
unchanged, it is usually safe to assume the oscillator was unaffected.
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NOTE:
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Low-frequency crystal circuits tend to be very high impedance. Thus, the
PCB must be clean, dry, and free of conductive material such as solder
rosin and excessive moisture from high humidity. If problems occur, the
value of R¢ can be reduced so the contaminant impedance is less
significant in comparison. Of course, it is still best to eliminate the
contaminants.

Usually, startup time is inversely proportional to the frequency; thus,
low-frequency oscillators start slower than high-frequency oscillators.
There are many exceptions to this rule because there are many
variables affecting startup time. Observation of a few circuits using the
MC68HC11A8 with an 8-MHz crystal reveals startup from stop mode
takes approximately 2 ms, and startup from power-up occurs within a
few milliseconds of when Vpp reaches approximately 1 volt. Power-up
performance varies greatly since power-source turn-on characteristics
vary greatly. Since the MC68HC11AS8 is a fully static design, the
oscillator is not required to be running full speed before the processor
starts executing instructions (most applications do not require a stable
oscillator within the first few milliseconds after power-up). If the oscillator
Is not running at full speed, instructions will take longer to execute, but
no unpredictable behavior will result as it would in an NMOS processor.
An oscillator in the 32-kHz range could require hundreds of milliseconds
or even a few seconds to start and stabilize.

The following tune-up procedure is only meaningful for crystal
frequencies below 1 MHz. In higher frequency applications, because Rg
is normally 0 Q, this procedure is not needed.

The value of Rg can be determined experimentally by using the final
PCB and an MCU of the exact type that will be used in the final
application. The MCU need not have the final mask program because
the MCU will be held in reset throughout the experiment. Because of the
number of variables involved, use components with the exact properties
of those that will be used in production. For example, do not use a
ceramic-packaged MCU prototype for the experiment when a
plastic-packaged MCU will be used in production. An emulator version
of the part will also have slightly different electrical properties than the
masked ROM version of the same part.
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To determine the optimum value for Rg, observe the operating current
(Ipp) of the MCU as a function of Rg. The MCU should be held in reset
throughout this procedure because operating current variations during
run modes are much greater than the current variations due to varying
Rg. Normally, a dip in current will occur. This dip is not sharp as in many
LC circuits but is instead very broad. As the shape of this curve
suggests, the exact value of Rq is not critical.

Finally, verify that the maximum-operating supply voltage does not
overdrive the crystal. Observe the output frequency as a function of Vpp
at the buffered E-clock output. Under proper operating conditions, the
frequency should increase a few parts per million as supply voltage
increases. If the crystal is overdriven, an increase in supply voltage will
cause a decrease in frequency, or the frequency will become unstable.
If frequency problems arise, supply voltage must be decreased, or the
values of Rg, C1, and C2 should be increased to reduce the crystal drive.

2.4.4 Crystal Oscillator Application Information

Some crystal oscillator application information is presented in this
subsection.

2.4.4.1 Crystals for Parallel Resonance

M68HC11 — Rev. 5

Parallel resonance refers to a Pierce oscillator that has the crystal in
parallel with an inverter. Almost all (if not all) CMOS MCUs use this type
oscillator. AT-cut crystals are available as standard devices for both
series resonant circuits and Pierce oscillators. The load capacitance has
to be specified for the Pierce version. The series resonant versions do
not require this specification and are more likely to be listed as a
standard product. The type circuit affects the oscillating frequency of the
crystal.

Any 4- to 8-MHz AT-cut crystal will normally meet the requirements of an
M68HC11. However, for a very accurate oscillator frequency, use the
Pierce version of the crystal with C1 and C2 values to match the
specified load capacitance value for the crystal. The load capacitance is
approximately equal to the series combination of C1 and C2.
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2.4.4.2 Using Crystal Oscillator Outputs

The crystal oscillator is actually an RF (radio frequency) application.
Connecting the crystal pins to other circuitry is likely to interfere with
proper operation of the oscillator. Modern CMOS inputs are very high
iImpedance and relatively low capacitance; thus, one of these inputs can
be connected to the oscillator without disturbing the oscillator. The data
sheet for a particular part shows examples of ways the crystal oscillator
can be used to drive other circuits for crystal frequencies between 4 and
8 MHz.

2.4.4.3 Using External Oscillator

An externally built Pierce oscillator will operate like a crystal connected
to the M6BHC11. Use a single inverter and connect the crystal feedback
resistor and load capacitors as if the external inverter input were the
EXTAL pin and the inverter output were the XTAL pin. Use a 74HCU04
for this inverter. This device is an unbuffered HCMOS hex inverter. Avoid
Schmitt-trigger devices because the oscillator may fail to start. Buffer the
output of the external Pierce oscillator to drive additional logic.

2.4.4.4 AT-Strip versus AT-Cut Crystals

The AT-strip is a new-technology low-power crystal. Connecting one of
these crystals to the M6BHC11 may cause problems due to the NAND
gate in the MCU overdriving the crystal. Use an AT-cut crystal with the
M68HC11 to avoid this problem.

2.4.5 Reset Pin (RESET)

Reference Manual

This active-low, bidirectional control signal is used as an input to initialize
the MC68HC11A8 to a known startup state and 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. This
RESET signal is significantly different from the RESET signal used on
earlier MCUs. More detailed information about this pin can be found in
Section 5. Resets and Interrupts.
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The reset circuitry is specifically designed to work with lower levels of
Vpp than other MCU circuitry. Thus, RESET can be used to prevent
undesirable performance as Vpp power is applied or decays, which is
important for applications in which the contents of on-chip RAM must be
maintained in the absence of Vpp. In this situation, the RAM and reset
input logic in the MCU would be powered from a standby power source
connected to the MODB/Vgtgy pin whenever Vpp is too low to support
proper MCU operation. Secondly, RESET must be controlled when Vpp
is below legal operating limits to prevent unintentional corruption of
EEPROM data. Even if an application is not using the 512-byte
EEPROM, the CONFIG register is still an EEPROM byte and must be
protected from corruption.

Virtually all MC68HC11A8 systems should include automatic control of
RESET to drive it low whenever Vpp is below legal limits. A simple,
inexpensive, low-voltage inhibit (LVI) device such as the MC34064 or
MC34164 can be used. The MC34064 is available in TO-92 or SOT-8
plastic packages and provides an open-drain output to directly drive the
RESET pin of the MC68HC11A8. This device is connected to Vpp, Vss,
and the RESET pin of the MCU. A pullup resistor from RESET to Vpp is
the only other component required for the reset circuit in most
applications. Figure 2-12 shows a typical reset circuit.
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| |
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| =— 1pF MC34064 ! MC34064 OF M68HC11
| GND | GND
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OPTIONAL POR DELAY AND MANUAL RESET SWITCH

Figure 2-12. Reset Circuit Example
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2.4.6 Interrupt Pins (XIRQ and IRQ)

Reference Manual

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

The m input provides a means for requesting asynchronous interrupts
to the MC68HC11A8. m Is program selectable (OPTION register),
having a choice of either level-sensitive or falling-edge-sensitive
triggering. After reset, @ is configured for level-sensitive operation by
default.

Whenever m or @ are used with multiple interrupt sources (@
must be configured for level-sensitive operation if there is more than one
source of m interrupt), each source must drive the interrupt input with
an open-drain-type driver to avoid contention between outputs. There
should be a single pullup resistor near the MCU interrupt input pin
(typically 4.7 kQ). 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
other interrupt sources are still pending after the MCU services a
request, the interrupt line will still be low; thus, the MCU will be
interrupted again as soon as the interrupt mask bit in the MCU becomes
clear (normally upon return from an interrupt).

The m pin is used during factory testing as a bulk Vpp programming
voltage source, which allows for parallel programming of as many as half
of the bytes in the EEPROM in a single programming operation. Since
the on-chip charge pump does not have sufficient drive capability to
simultaneously program this many EEPROM locations, the external
20-V power supply is needed to supplement the on-chip charge pump.
The switchover mechanism, which decides whether EEPROM is
powered by the internal charge pump or the external voltage source, is
similar to the Vgtgy logic at the MODB/Vg1gy pin. When the external
voltage is more than the charge-pump voltage, the switch connects the
external high-voltage source to the internal Vpp line. The added circuitry
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at this pin has no effect on normal IRQ functions, but it does have some
effect on the way the pin reacts to illegal levels.

In addition to XIRQ and IRQ, five other pins on the MC68HC11A8 can
also be used to generate interrupt requests to the MCU. These pins are
associated with other on-chip peripherals such as the timer or
handshake 1/0O systems. The pins are PAO/IC3, PA1/IC2, PA2/IC1,
PA7/PAI/OC1, and AS/STRA. The input-capture pins can be configured
to detect rising edges, falling edges, or any edge. The PAlI and STRA
inputs can be configured to detect rising edges or falling edges. The
STRA input is only available if the MCU is operating in a single-chip
mode because the pin is used as the address strobe (AS) output when
the MCU is in expanded modes. These five pins have advantages over
the IRQ and XIRQ pins in that each of these five interrupts is
independently maskable with a local control bit as well as the global I bit
in the CCR. Each of these five interrupts also has a readable status
indication, and a pending request can be cleared without being serviced.

2.4.7 A/D Reference and Port E Pins (VrggL, Vregn: and PE7—PEO)

M68HC11 — Rev. 5

The Viyegn and Vrege pins provide the reference voltages for the A/D
converter circuitry. Since the A/D converter is an all-capacitive
charge-redistribution converter, there is essentially no dc current
associated with these pins. Very small dynamic currents are caused by
charge-redistribution switching during conversions (see Section 12.
Analog-to-Digital Converter System). These pins are normally
connected to Vpp and Vgg through a low-pass filter network (see
Figure 2-13) to isolate noise on the logic power supply from the relatively
sensitive analog measurements. A low-noise precision reference supply
can be used alternatively. There should be at least 2.5 V between VgegL
and Vrgpp for full A/D accuracy. Lower values will result in more
inaccuracy, but the converter will continue to operate. The A/D system is
tested at 4.5 V and 5.5 V across the reference supply pins.

There is an inherent diode from Vigg to Vgg. If VReg go€s below Vgg
by more than this diode drop, any conversion in progress may be
corrupted, but no permanent physical damage will result until significant
current is drawn. The only documented cases of damage have been
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Figure 2-13. Low-Pass Filter for A/D Reference Pins

caused by blatant misapplication, such as connecting —12 V directly to
the VrepL pin. Since no P-channel devices are associated with the
VREEH PiN, there is no diode clamping to Vpp. The gates of analog
switches associated with the A/D reference and input pins are controlled
by signals that switch between Vgg and about 7 V. This higher-than-Vpp
supply is the output of a charge pump (separate from the charge pump
used for programming on-chip EEPROM). There is no special
requirement to keep Viyegny below Vpp. In fact, the converter will
continue to produce good results up to approximately 6 V on Viggn-

The port E input pins are used for general-purpose inputs and/or A/D
analog inputs. These inputs are designed so that the digital input buffers
are disabled at all times except for part of a cycle during an actual read
of port E; thus, analog levels near the switch point of the digital input
buffer do not result in high power-supply current drains as in a normal
CMOS input buffer. The buffers are enabled by an extra N-channel
device in series with the N-channel device in the input inverter. During a
digital read of port E, these extra N-channel devices are turned on for
part of the read cycle. Because of this special circuitry, itis not necessary
to terminate unused port E pins.

The analog and digital functions of port E do not normally interfere with
each other; thus, any combination of pins can be used as digital inputs
while the remaining port E pins are used for analog inputs. Turning on
the digital buffer during an analog sample may cause small disturbances
on the input line, which may cause small errors in the sampled analog
level. The disturbances would be caused by small gate-to-drain and
gate-to-source capacitances and would have to occur very close to the
trailing edge of a sample period to have any noticeable effect. The
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disturbances are so small (if they exist) that they probably would not
cause any measurable inaccuracy. Since it is so easy to arrange
software to avoid this condition, it is probably easier to avoid potential
disturbances.

2.4.8 Timer Port A Pins

Port A includes three input-only pins, four output-only pins, and one pin
that can be configured to operate as an input or as an output. The
input-only pins (PAO/IC3, PA1/IC2, and PA2/IC1) also serve as
edge-sensitive timer input-capture pins. The four output-only pins
(PA3/OC5/0OC1, PA4/OC4/0C1, PA5/OC3/OC1, and PA6/OC2/0OC1)
also serve as main timer output-compare pins. Whenever an
output-compare function is enabled, that pin cannot be used for
general-purpose output. These four pins can be controlled by output
compare 1 (OC1) and/or another output compare. The PA7/PAI/OC1 pin
can be used as a general-purpose I/O pin, as a pulse-accumulator input,
or as an OC1 output pin.

2.4.9 Serial Port D Pins

M68HC11 — Rev. 5

Port D includes six general-purpose, bidirectional I/O pins that can be
individually configured as inputs or as outputs. When the serial
communications interface (SCI) receiver is enabled, the PDO/RxD pin
becomes an input dedicated to the RxD function. When the SCI
transmitter is enabled, the PD1/TxD pin becomes an output dedicated to
the TxD function. When the serial peripheral interface (SPI) system is
enabled, the PD2/MISO, PD3/MOSI, PD4/SCK, and PD5/SS pins
become dedicated to SPI functions. Even while the SPI system is
enabled, the PD5/SS pin can be used as a general-purpose output by
setting the corresponding DDRD?5 bit, provided the SPI system is
configured for master mode of operation.

The six port D pins can be configured (port D wired-OR mode (DWOM)
control bit in SPI control register (SPCR)) for wired-OR operation. This
option disables the P-channel device in the output drivers so port D
outputs can actively drive low but not high, allowing two or more such
outputs to be connected without contention. Since the P-channel device
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Is physically present (just turned off), there is an inherent diode from the
output pin to Vpp so the pin cannot be pulled to a level higher than Vpp
(unlike a transistor-transistor logic (TTL) open-collector output). An
external pullup resistor is required on all port D outputs when the
wired-OR option is used. The firmware bootloader program configures
port D for wired-OR operation when the MCU is reset in bootstrap mode.
If the application is using bootstrap mode, either turn off the wired-OR
option after downloading or supply external pullup resistors on port D
output pins.

2.4.10 Ports B and C and STRA and STRB Pins

Reference Manual

These 18 pins are used for general-purpose 1/0 while the MCU is
operating in single-chip mode. When an expanded mode is used, these
18 pins become a multiplexed address/data bus with an address strobe
(AS) and a read/write (R/W) control line. Table 2-2 summarizes the
functions of these pins related to the MCU operating mode.

Table 2-2. Ports B and C and STRA and STRB Pins

Port | Bit Single-Chip Expanded-Multiplexed
and Bootstrap Mode and Special Test Mode
B | 0| PBO Output A8 Address output
B | 1| PB1 Output A9 Address output
B | 2| PB2 Output A10 Address output
B | 3| PB3 Output A1l Address output
B | 4| PB4 Output Al12 Address output
B | 5| PB5 Output Al13 Address output
B | 6| PB6 Output Al4 Address output
B | 7| PBY Output Al5 Address output
C 0 | PCO Input/output A0/DO Address/data multiplexed
C 1| PC1 Input/output Al/D1 Address/data multiplexed
C 2 | PC2 Input/output A2/D2 Address/data multiplexed
C 3 | PC3 Input/output A3/D3 Address/data multiplexed
C | 4| PC4 Input/output A4/D4 Address/data multiplexed
C 5 | PC5 Input/output A5/D5 Address/data multiplexed
C 6 | PC6 Input/output A6/D6 Address/data multiplexed
C 7 | PC7 Input/output A7/D7 Address/data multiplexed
STRA Input strobe (edge in) AS Address strobe (out)
STRB Output strobe RIW Read/write select
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In single-chip modes, no external address/data bus is needed,; thus,
these 18 pins are available for general-purpose 1/0O. Port B is an 8-bit
output-only port; port C is an 8-bit bidirectional I/O port. Any combination
of bits in port C can be configured as outputs; the remaining bits are used
as inputs. Several automated handshake I/O functions are associated
with ports B and C. These strobe and handshake functions use the
STRA and STRB pins as strobes and handshake controls. The STRA
pin is an edge-detecting input that causes port C data to be latched into
a special internal latch register. The active edge for STRA is software
selectable, and any port C pin can be used for general-purpose static 1/0
while other pins are being used for latched inputs. If strobe and
handshake functions are not being used, STRA can still be used as an
edge-detecting interrupt input but cannot be used as a general-purpose
static input. The STRB pin is an output strobe associated with the
handshake 1/O functions of ports B and C. If handshake functions are not
being used, STRB can still be used as a general-purpose output, though
it is more difficult to control than a normal port output pin. For a detailed
discussion of the handshake I/O functions of ports B and C, refer to
Section 7. Parallel Input/Output.

When the MCU is operating in expanded modes, these 18 pins are used
for an address/data bus to allow the central processor unit (CPU) to
access a 64-Kbyte memory space. To save pins, the low-order address
and 8-bit data are time multiplexed on eight pins. During the first half of
each bus cycle, address output signals, A7—A0, are present on these
eight pins; during the second half of each bus cycle, these eight pins are
used as a bidirectional data bus, D7-DO0. The AS signal is used as an
active-high latch enable to an external address latch. Address
information is allowed through this external transparent latch while AS is
high, and the stable address information is latched when AS is low. The
E clock is used to enable external devices to drive data into the CPU
during the second half of a read bus cycle (E clock high). The R/W signal
indicates the direction of data — high for read cycles, low for write
cycles.

The AS/STRA pin is an output in expanded modes and an input in
single-chip modes. Remember to terminate this pin as an unused input
in single-chip modes.

Reference Manual

MOTOROLA

Pins and Connections 63



Pins and Connections

2.5 Termination of Unused Pins

NOTE:
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Because the MC68HC11A8 is a CMOS device, unused input pins must
be terminated to ensure proper operation and reliability. Figure 2-14
shows a CMOS inverter, which is representative of circuitry found on
CMOS input pins. When the input is logic 0, the P-channel transistor is
on (conducting), and the N-channel transistor is off. When the input is
logic 1, the P-channel transistor is off, and the N-channel transistor is on.
These transistors are actually linear devices with relatively broad switch
points. As the input passes through midsupply, there is a region where
both transistors conduct to some degree. Under normal circumstances,
the input does not remain in this linear region for very long. Once the
inverter has completely switched so that only one of the two transistors
Is conducting, there is virtually no current flow. This principle is why the
overall current drain of a CMOS device is directly proportional to the rate
of switching. Essentially, all current is due to gates that are in the linear
region during transitions and for charging and discharging internal
capacitances. Because the input is very high impedance, if it is not
connected, the input can oscillate or float to a midsupply level. Either of
these conditions can result in added power-supply current. The
oscillation case can result in coupling of noise to the power supply. In
older CMOS designs, the large currents caused by an input that floated
to midsupply could even induce CMOS latchup, which could destroy the
integrated circuit. Current design techniques on the MC68HC11A8 have
made latchup due to a floating input unlikely, but it is still important to
terminate unused inputs to avoid oscillation, noise, and added supply
current.

Some inputs on the MCU (RESET, EXTAL, MODA, and MODB) cannot
be left unterminated in any system.

Vpp

Figure 2-14. Cl\_/IOS Inverter
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The port E input pins have an extra N-channel device between Vgg and
the bottom of the N-channel device of the input inverter. Since this extra
device is only enabled for half a cycle during a digital read of port E, it is
less important to terminate unused port E pins than other unused inputs.
In cases of very slow bus frequencies, even half a cycle might be a
significant length of time, and unused port E pins could be terminated. In
some battery-powered systems where port E is read often, it would be
desirable to eliminate the potential added supply current.

Since the Vrgp and Viegy Pins do not connect to the inputs of any
CMOS gates within the MC68HC11A8, these pins do not need
terminating if they are not used. Although termination is not required, it
may reduce the risk of damage due to high-voltage static electricity.

Other than A/D pins, there are two basic types of input pins on the
MC68HC11A8 — an input-only pin and an input/output pin. The best
method to terminate unused inputs is with a pullup or pulldown resistor
for each unused pin. Input-only pins can be connected to each other and
then to a common termination point. Although this method is less
expensive and takes less space than individual pullups, itis much harder
to separate and use one of these pins if it is needed later. Although
input-only pins can be connected directly to Vpp or Vgg, it is better not
to because this connection makes it difficult to change the level at that
input. If a pullup or pulldown resistor is used instead, a signal can easily
be connected to the input later. The preferred method of terminating pins
that can be configured for input or output is with individual pullup or
pulldown resistors for each unused pin. Some users leave these pins
unconnected and reconfigure them as outputs during initialization. There
is still a brief period during reset and initialization where these pins are
unterminated inputs. There is also a small risk that a defective system
might fail to reconfigure these pins as outputs. A pin capable of being
configured as an output should never be connected to another such pin
or directly to either power-supply rail. If the pin ever became an output,
there is a possibility of high current drain due to an output conflict.

To eliminate potential problems, part of the verification procedure for the
design of every MCU system should be a pin-by-pin review of what is
connected to every pin on the MCU.
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2.6 Avoidance of Pin Damage
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Any integrated circuit can be damaged or destroyed by exposure to
illegal voltages or conditions. By understanding the failure mechanisms,
a designer can protect against damaging conditions. In some cases, a
product can even be designed to tolerate common end-user errors by
designing protective interface circuits.

The data sheets for integrated circuits state conservative limits and
conditions that will definitely protect the integrated circuit. The
consequences of violating the specified limits are not usually discussed
because there are too many variables affecting the results. In some
cases, the MCU can tolerate significantly worse conditions than the
stated limits, although it is almost impossible to quantify or guarantee
this better performance for all parts and conditions.

There are several basic types of pin interface circuits on the
MC68HC11A8. The exact devices connected to the pin influence what
happens as the voltage level at the pin is driven above Vpp or below
Vgg. Many other factors, including ambient temperature and lot-to-lot
process variations, also influence the reaction of the MCU to illegal
voltage levels and conditions. The following discussion explains the
conditions leading to actual damage and what that damage might be.
This information should be used as a guideline to help engineers avoid
conditions leading to possible MCU damage.

Connected to the substrate of the silicon die, the Vgg pin is the reference
point from which all other voltages are measured. The Vpp pin is the
main positive power supply for the MCU. Data sheet information is
tested and guaranteed for Vpp equal to 5V +£10 percent, but, in limited
temperature range applications, the MCU can operate over a wider
range of Vpp (some timing and drive capability specifications may not be
met). Vpp and operating temperature have a significant effect on the
speed of CMOS logic. As Vpp is reduced, the maximum crystal
frequency must also be reduced. For Vpp equal 5V £10 percent, the
MC68HC11A8 can operate with a maximum bus frequency of 2.1 MHz;
when Vpp is 3V, the maximum bus frequency is about 1 MHz. At low
temperatures, speed increases and power-supply current decreases.
The MCU can typically operate with Vpp levels up to 7 V without
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damaging the MCU, but timing and drive levels will differ from the
specified limits. Also, there may be some adverse effects on gate oxides
from long-term exposure to Vpp greater than or equal to 7 V. A
battery-based application could be exposed to Vpp greater than 5 V
when batteries are new and still be expected to work properly as the
battery voltage slowly decays to some level well below 5 V. Although the
MC68HC11A8 could be used in such an application, published
specifications do not cover this range of Vpp.

2.6.1 Zap and Latchup

M68HC11 — Rev. 5

Zap and latchup are terms familiar to failure analysis engineers that work
on CMOS integrated circuits. Zap refers to damage caused by very
high-voltage static-electricity exposure. Static-electricity (zap) damage
usually appears as breakdown of the relatively thin oxide layers that
causes leakage or shorts. Often secondary damage occurs after an
initial zap failure causes a short.

Latchup refers to a usually catastrophic condition caused by turning on
an unintentional, bipolar, silicon-controlled rectifier (SCR). A latchup
SCR is formed by N and P regions in the layout of the integrated circuit,
which act as the collector, base, and emitters of unintentional, parasitic
transistors. Bulk resistance of silicon in the wells and substrate act as
resistors in the SCR circuit. Application of voltages above Vpp or below
Vgg, in conjunction with enough current to develop voltage drops across
the parasitic resistors in the unintentional SCR circuit, can cause the
SCR to turn on. Normally, once this SCR is turned on, it can be turned
off only by removing all power from the integrated circuit. The
on-impedance of the SCR can overheat and destroy the integrated
circuit.

Improvements in layout and processing techniques have made newer
HCMOS devices, such as the MC68HC11A8, much less likely to suffer
damage from zap and latchup. Because of the destructive nature of
these mechanisms, it is impossible to test every device for zap and
latchup limits the way timing and drive levels are tested. To ensure
product reliability, sample groups of devices are destructively tested.
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2.6.2 Protective Interface Circuits

In applications where MCU pins might be exposed to detrimental
conditions, protective interfaces may be needed to protect the MCU from
damage. The two main goals of any protective interface are to prevent
high currents from flowing and to prevent illegal voltage levels at a pin.
A low-pass filter can often satisfy both goals. In less common situations,
it may also be necessary to provide diode clamps to prevent high
voltages at some pins. All pins on the M68HC11 have internal inherent
diode clamps to Vgg, but only some of the pins include clamps to Vpp.
The following subsections discuss the internal circuits for each type
MCU pin and note special considerations for the protection of these pin

types.

Usually, the only pins needing protection are those that are exposed to
signals from outside the system. For example, in an automobile engine
controller, the sensors for air and fuel flow are connected to the engine
control module and ultimately to MCU inputs. These signals are prime
candidates for protective interfaces because noise or illegal levels could
accidentally be applied through the interface wiring. On the other hand,
any buses and signals wholly contained within the control module
probably do not require any sort of protective interface because there is
little chance that these signals would be exposed to illegal levels. In a
few cases, a protective interface can even interfere with normal
operation of an MCU signal. For example, a low-pass filter on an address
or data line of an expanded MCU system would introduce significant
delays to these signals, dramatically limiting the maximum operating
speed of the system.

2.6.3 Internal Circuitry — Digital Input-Only Pin

Reference Manual

Figure 2-15 shows the MOS circuitry for a digital input-only pin. The
gates of input buffer [3] are very high impedance for all voltages that
would ever be applied to the pin. The thick-field protection device [2]
normally prevents the pin voltage from reaching levels that could
damage the gates of the input buffer. The exact circuitry of the input
buffer may be different for different digital inputs (for example, to provide
hysteresis, etc.), but only device gates will be connected directly to the
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pin. Allowing a pin to float (or be driven) to a midsupply level can result
in both the N- and P-channel devices in the input buffer simultaneously
being partially on, which causes excess current and noise on the
Vpp/Vss power supply. Port E inputs are exceptions because they are
specifically designed to be driven by analog levels.

Vb

(1

P
PIN 3]
dil
2 -

THICK FIELD
PROTECTION

Figure 2-15. Internal Circuitry — Digital Input-Only Pin

If a digital input pin (see Figure 2-15) is driven with voltages below Vgg,
the thick-field protection device [2] forms an inherent diode junction to
Vgg, Which conducts when the pin voltage gets more than a diode drop
below Vgg. As the pin voltage is driven more negative with respect to
Vgg, current increases. These currents have a tendency to influence the
die substrate in the area around the protection device, thus affecting the
electrical characteristics of devices in the vicinity. When the pin current
Is increased to very high levels (typically more than 100 mA, specified
limit is 25 mA), physical damage can result.

As voltage at [1] is driven above Vpp, the protection device will begin to
conduct and tend to clamp the input voltage to protect input buffer [3].

The voltage at which this condition will occur varies significantly from lot
to lot and over the operating temperature range. At room temperature,

the pin typically does not draw any current until approximately 20 V; at
125°C, the pin may start conducting at a slightly lower level. Up to this

point, the pin appears to function normally and will return a logic 1 if read.
As the pin voltage increases, the thick-field protection device begins to
conduct more current to the die substrate, which is Vgs. There should be
some external series impedance between the pin and the input voltage
source if the MCU will be used in a detrimental environment. If the input
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voltage is increased even further, the protection device [2] will
avalanche, and the pin voltage will eventually fold back (typically to
about 7 to 12 V). Under these conditions, a parasitic bipolar transistor,
which is not obvious from the MOS schematic, is turned on and is
holding the pin at the 7-volt level. This avalanche is still normally not
destructive to the pin. Since the foldback clamp level is relatively low
impedance, the pin voltage cannot be raised further without supplying a
large current. If the offending voltage source is increased to increase the
pin current, the pin circuitry will be damaged (specified limit is 25 mA,
typically takes more than 100 mA). Gate oxides in these inputs are not
intended to be exposed to voltages above 7 V for any significant amount
of time. With the HCMOS processing used in the MC68HC11A8, a
latchup failure is unlikely unless legal drive limits are grossly exceeded.

2.6.4 Internal Circuitry — Analog Input-Only Pin

Reference Manual

Figure 2-16 shows the MOS circuitry associated with an analog
input-only pin. This MOS logic is similar to that for a digital input-only pin
except for the addition of the analog multiplexer [5] and the extra
N-channel device below the buffer. The N-channel device [5] acts as an
analog multiplexer and affects the behavior of an analog input pin when
exposed to negative voltages. The N-channel device [4] allows the
analog input pins to be driven by intermediate levels without causing the
noise and current normally associated with the input buffer when its input
Is at a midsupply level. This device is only turned on for half an E-clock
cycle during a digital read of port E. Since the analog input pins
(including the Vg pins) are only connected to N-channel devices and
high-impedance gates, these pins can be driven with levels above Vpp
without the usual fear of latchup. This aspect is important because the
analog reference supply is typically independent of the Vpp supply for
noise isolation reasons.

An analog input pin (see Figure 2-16) responds very much like a digital
input to illegal levels except that negative levels at the pin can affect A/D
operations. The analog functions associated with these pins also
present some special challenges to protective interface circuits.
Although the N-channel device [4] eliminates the need for external pullup
or pulldown resistors on unused port E pins, a conservative designer
would still terminate these pins to help prevent static damage.
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Figure 2-16. Internal Circuitry — Analog Input-Only Pin

If the pin voltage is driven low enough relative to the gate voltage of the
analog multiplexer device, this N-channel device can turn on. A
conductive path between the negative pin and the A/D capacitor array
may discharge the capacitors and disrupt any A/D conversion in
progress. The thick-field protection device and other circuit and layout
measures around the N-channel multiplexer device are intended to
prevent the pin voltage from becoming negative enough to turn on the
multiplexer device. Even with these internal protective measures, a
cautious user should avoid negative levels on any A/D pin because a
large negative transient could still disrupt an A/D conversion. An A/D
conversion can be disrupted in this manner if any A/D pin experiences a
serious negative transient; the transient need not be on the pin
associated with the conversion.

External diode clamps to Vpp are not necessarily a good idea on the
analog inputs. Leakage through an external diode would be significant in
relationship to the pin leakage current; thus, this extra leakage could
affect the accuracy of analog conversion results. Analog input pins can
usually be protected by a low-pass filter with enough series impedance
to limit the pin voltage. The amount of series resistance is a trade-off
between a high enough value to limit pin voltage and a low enough value
to prevent pin leakage current from adversely affecting conversion
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results. Conversion accuracy is specified for a maximum external series
resistance of 10 kQ. The worst-case specified leakage current at the pin
is 400 nA (at room temperature, leakage is typically much less). The
400 nA acting through 10 kQ causes an absolute conversion error of
minus one-fifth of a least significant bit (LSB) when Viygg is 5.12 V,
leaving only about one-quarter of an LSB for actual A/D circuit errors
before the results would be out of specified limits. Using a larger external
resistance in series with an A/D pin may cause some inaccuracy due to
the leakage current acting through this resistance, but the A/D will still
respond in a predictable manner. There may be valid system design
reasons for choosing a high external series resistance (for example, to
minimize power consumption in a battery-based system). For additional
detailed information concerning the A/D input pins, see 12.5 A/D Pin
Connection Considerations.

2.6.5 Internal Circuitry — Digital 1/0O Pin

Reference Manual

Figure 2-17 shows the MOS circuitry for an MCU pin capable of
operating as an input or an output. Even when the pin is configured to
disable the output driver circuitry, the MOS transistors still affect the way
the pin reacts to illegal levels. The P-channel device of the output driver
[3] forms an inherent diode to Vpp, and the N-channel device forms an
inherent diode to Vgg, which is in parallel with the inherent diode of the
thick-field protection device.

(1l

VoD
PIN

—C{ P [ p
INPUT

BUFFER

OUTPUT 3]
BUFFER

—| N [4]

THICK FIELD
PROTECTION
=
—/

Figure 2-17. Internal Circuitry — Digital I/O Pin
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When the pin is configured as a high-impedance input, input signals are
clamped to within a diode drop of the Vgg and Vpp power-supply rails.
When the pin is configured as an output, the P- or N-channel device
provides a low-impedance path to Vpp or Vgg, respectively. The current
into or out of the pin should be limited to prevent damage. The specified
current limit is 25 mA, although these pins can typically withstand
transients of more than 100 mA at nominal room temperature.

The port C and port D I/O pins of the M68HC11 can be configured as
open-drain-type outputs. This configuration disables the gate signal to
the P-channel device of the output buffer so the pin cannot be driven to
an active-high logic level, but the P-channel device is still physically
present and forms an inherent diode to Vpp. In a few applications, the
situation will arise where two or more MCU 1/O pins are tied to the same
point. Software would be arranged so that no more than one of these I/O
pins is configured as an output at any time to avoid output driver
contention. In these applications, the 1/0 pins should be configured for
the open-drain mode so the output drivers are prevented from
high-current contention.

2.6.6 Internal Circuitry — Input/Open-Drain-Output Pin

Two pins on the M68HC11 (RESET and MODA/ﬁ) have
high-impedance input functions as well as open-drain output functions
(see Figure 2-18). These pins are similar to I/O pins except that there is
no P-channel device in the output driver. Since the P-channel output
device is not present, there is no inherent diode to Vpp. In terms of
negative illegal levels at these pins, two diodes clamp the pin to a diode
drop below ground. In terms of positive levels above Vpp, the N-channel
output device starts to conduct before the thick-field protection device;
thus, typically the clamp level for these pins will be lower than that for a
digital input-only pin. As for any MCU pin, current should be limited to
prevent damage.
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Figure 2-18. Internal Circuitry — Input/Open-Drain-Output Pin

2.6.7 Internal Circuitry — Digital Output-Only Pin

Output-only pins react to illegal levels exactly like 1/0O pins. Figure 2-19
shows the MOS circuitry for a digital output-only pin.
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Figure 2-19. Internal Circuitry — Output-Only Pin

2.6.8 Internal Circuitry — MODB/Vgtgy Pin

The MODB/Vg1gy pin is unusual because it serves as a standby voltage
source in addition to acting as a mode select input (see Figure 2-20). A
MOS switch automatically connects the internal RAM power supply to
the higher of Vpp or Vgrgy. If an illegal high level is applied to the
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MODB/Vg1gy pin, this illegal voltage is passed into the internal RAM
system. A minor elevation of Vgrgy relative to Vpp can be tolerated
during MCU operation, but any significant elevation can result in
incorrect reads of RAM data.

When a battery or other standby voltage source will be used to maintain
RAM contents in the absence of Vpp, the MODB/Vg1gy pin should be
driven by Vpp (rather than the standby source) during normal operation.
The MODB/Vgtgy pin should not be driven by a higher level than Vpp,
except during standby periods; during these periods, RESET should be
driven low.

(1]

MODBN grgy | PIN *

THICK FIELD
PROTECTION
=
—

MOS POWER SWITCH

Figure 2-20. Internal Circuitry — MODB/Vgtgy Pin
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2.6.9 Internal Circuitry — m/VPPBULK Pin

The m pinis used as a high-voltage (20 V) power source during factory
testing. This high-voltage source supplies power for bulk programming
operations because the internal charge pump is not designed to provide
enough current for these bulk programming operations. Figure 2-21
shows the MOS circuitry for the m/VPPBULK pin. The @/VPPBULK pin
essentially reacts like an input-only pin to illegal levels.

The normal Vpp level used during testing is very near the level where the
thick-field protection device begins to conduct. It is important to limit the
current of the Vpp power supply into the m/VPPBULK pin with an
external series resistor (typically 27 kQ) because noise or overshoot can
trigger the low-impedance foldback mechanism of the protection device.
Without a current-limiting resistor, the small metal line connecting the
bonding pad to the pin input circuitry will instantly vaporize. Normal users
would not encounter this potential problem since the Vpp function of the
m/VPPBULK pin is only intended for use by Motorola. The
current-limiting resistor has no adverse effect on the bulk programming
process since the current requirements for EEPROM programming are
very small.
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Figure 2-21. Internal Circuitry — IRQ/Vppgy_k Pin

Reference Manual M68HC11 — Rev. 5

76 Pins and Connections MOTOROLA



Pins and Connections
Typical Expanded Mode System Connections

2.7 Typical Expanded Mode System Connections

M68HC11 — Rev. 5

The schematic shown in Figure 2-22 is for a fairly straightforward
expanded mode system, which can be operated in normal expanded
mode or special test mode. This circuitry can be used as the basis for
any expanded mode application. In most cases, the circuitry for the
power supply, oscillator, and mode selects can be used exactly as
shown in this system. If additional memory or peripheral functions are
added to the address and data buses, the loading should be reviewed to
determine whether additional buffering is required. Loading is generally
limited by load capacitance before the dc drive capabilities of the MCU
drivers are reached. At bus frequencies lower than 2 MHz, more
capacitance can be driven before buffers are required. In applications
where heavy bus loading occurs, it is necessary to increase
power-supply bypass capacitors to provide for these higher bus
switching demands on Vpp.

The address decoding used in this example system is unusual in that the
external EPROM is decoded to appear in either of two memory areas.
Some commonly used terms to describe this type of decoding are patrtial
decode, redundant mapping, and mirroring. In this system, the external
EPROM appears at $E0O00-$FFFF and at $A000-$BFFF so that the
reset vector can be fetched out of this EPROM whether the MCU is
operating in normal expanded mode or special test mode. This mapping
also allows the MCU to come out of reset in special test mode, check the
contents of the EEPROM-based CONFIG register (change CONFIG if
necessary), and then change the operating mode to normal expanded
mode. There are several potential advantages to starting a system this
way (see 3.7.3 Special Test Mode).

The 74HC138 decoder provides address-qualified read enable and write
enable signals for two 8-Kbyte by 8 static RAMs. The other four outputs
of this 74HC138 provide additional chip selects for additional RAM or
peripheral devices. Since the RIW signal drives one of the address
selects of the 74HC138, there are four active-low read enable outputs
and four active-low write enable outputs. The timing for these outputs is
controlled by the E clock and the propagation delay through the
74HC138 decoder. Address and R/W are stable long before the rising
edge of the E clock.
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Figure 2-22. Basic Expanded Mode Connections (Sheet 1 of 2)
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Figure 2-22. Basic Expanded Mode Connections (Sheet 2 of 2)
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Figure 2-23. Basic Single-Chip Mode Connections
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The decoding for the EPROM was done with two sections of a quad
NAND gate. Address valid time controls the chip select access time of
the EPROM. This chip select decode provides for a longer access time
than the chip select arrangement on the RAMs because EPROMs are
typically slower than static RAMs. The E clock controls the output enable
of the EPROM, which typically has a much shorter setup time
requirement than the chip-selectinput to the EPROM. Since address line
Al4 is not included in the decode for the EPROM, the EPROM will
appear twice in the memory map: at $A000-$BFFF where Al4 is low
and at SE000-$FFFF where Al4 is high.

A few potential address conflicts can occur in this system. The on-chip
ROM and/or on-chip EEPROM can conflict with the external EPROM.
For the purposes of this example, it is assumed that the internal ROM
will not be used and will be disabled by the ROMON control bit in the
CONFIG register. The potential for conflict with the EEPROM poses no
concern in normal expanded mode because the external MCU data bus
is high impedance and ignored during reads of the internal EEPROM. In
special test mode, there is a potential for an undesirable conflict if the
EEPROM is read 