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CHAPTER 1
THE MC6801 MICROCOMPUTER: AN OVERVIEW

1.0 INTRODUCTION

The Motorola MC6801 Microcomputer Unit (MCU)* is the most versatile and powerful single-chip
microcomputer currently available to the system designer. The variety of MC6801 operating modes
offers the designer an unexcelled measure of freedom in configuring a microcomputer to specific
system requirements. In addition to operational flexibility, the MCU also provides an extremely
powerful set of internal resources. These resources can provide a significant cost savings by a reduc-
tion in the system total part count. They include the following:

@ 2048 bytes of ROM,

@ 128 bytes of RAM,

® a maximum of 29 parallel I/0 and 2 control lines,

@ a three function 16-bit timer, and

@ a full duplex Serial Communications Interface.

The extraordinary flexibility of the MC6801 is provided by its ability to be operated in a variety of
modes depending upon application requirements. Selection of the hardware-programmed mode is
based upon the available internal resources for a particular mode and those required by the applica-
tion. The details involved in mode selection are contained in Chapter 2, but this discussion provides
an overview of the available modes.

The MC6801 provides three fundamental operating modes:

@ Single Chip,

® Expanded Non-Multiplexed,

@ Expanded Multiplexed.
The Single Chip mode utilizes only on-chip resources while maximizing the number of available in-
put/output lines. The Expanded Non-Multiplexed mode offers a modest increase in the external ad-
dress space (256 external read/write locations) with separate address and data buses. The Expanded

Multiplexed mode time-multiplexes the address and data buses which provides a 64K-byte address
space while requiring only a simple latch to de-multiplex the bus.

The MC6801 is a complete monolithic microcomputer housed in a single 40-pin package and is the
product of state-of-the-art advances in scaled NMOS process technology. A block diagram, shown
in Figure 1-1, illustrates the integration of the on-chip resources into a complete powerful
microcomputer. The MCU contains an enhanced 8-bit MC6800 MPU, 2048 bytes of ROM, 128
bytes of RAM, four Parallel 1/0 Ports, a Serial Communications Interface (SCI), a Programmable
Timer with three functions, and an internal clock generator. As shown in Figure 1-1, several pin
configurations depend upon the MCU operating mode. All of the pins associated with Port 3, Port
4, SC1, and SC2 are mode dependent.

*The MC6801 Microcomputer is also referred to as the MCU, MC6801, and/or MC6801 MCU throughout this manual.
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The concept of an integrated family of devices is predicated on continuity in both design and
development. In the design of a third generation product — such as the MC6801 — one of the most
desirable objectives is to achieve compatibility with existing software and hardware. The Motorola
MC6801 satisfies this goal and is compatible with the entire M6800 Family of components. In addi-
tion, it requires only a single + 5 volt power supply and will directly interface with both TTL and
MOS peripheral devices.

As a central member of the M6800 Family, the MCU shares many attributes of the MC6800 MPU.
For example, the MCU implements the entire MC6800 instruction set. Additional instructions have
been incorporated, however, which provide both greater system capability and ease in programm-
ing. These enhancements can result in increased throughput, simplified software conversion effort,
and reduced development time,

1.1 THE MC6801 INSTRUCTION SET

The MC6801 instruction set will be very familiar to those readers having experience with the
MC6800. Those who have not had this experience, however, will appreciate the easy-to-learn in-
struction set. The MC6800 is upward compatible with the MC6801 with respect to both source and
object code. Significant improvements have been incorporated in the MC6801 to improve instruc-
tion throughput. In addition, several new instructions provide more capability in implementing
16-bit arithmetic operations.

A programming model of the MC6801 is shown in Figure 1-2. Readers familiar with the MC6800
should note that the significant difference between programming models of the two MPUs is that
the A and B accumulators can be concatenated into a single double byte accumulator called the D
accumulator. The two accumulators can be accessed separately or be referenced jointly by several

7 A OI |7 B Ol 8-8it Accumulators A and B
____________________ Or 16-Bit Double Accumulator D
16 D 0
15 X 0] Index Register (X}
115 SP OI Stack Pointer (SP)
h5 PC 0] Program Counter (PC)

7 0

11 1{H] P IN}Z]| V]C] Condition Code Register (CCR)

>
>
>
>
>

L Carry/Borrow from MSB
Overflow

Zero

Negative

Interrupt

Half Carry (From Bit 3)

Figure 1-2. MC6801 Programming Model
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new instructions. Double accumulator instructions include: Load, Store, Add, Subtract, Logical
Shift Left, and Logical Shift Right. Each of these instructions utilizes the same addressing modes
that are available for its analogous single accumulator instruction.

Indexing is greatly enhanced by the addition of three new instructions which interface with the Index
Register. These new instructions provide the capability of adding a single unsigned byte to the Index
Register (ABX), pushing the contents of the Index Register onto the stack (PSHX), and pulling the
top two bytes of the stack into the Index Register (PULX).

Integer multiplication is greatly improved by the addition of a new 8-bit by 8-bit unsigned multiply
instruction. The MUL instruction multiplies the two accumulators together, overwrites them with a
double byte result, and executes in 10 MPU E-cycles.

Throughput improvements are achieved by reducing execution times for certain key instructions.
These improvements affect all stores, the indexed addressing mode, and branches.

1.2 MC6801 SYSTEM CONFIGURATIONS

The versatility of the MC6801 is attained by offering the designer a variety of configurations which
can be obtained with hardware-programming using a minimal amount of external circuitry. The
three functional operating modes are:

@ Single Chip,

® Expanded Non-Multiplexed, and

® Expanded Multiplexed.

The operating mode affects the configuration of two of the four MCU 1/0 Ports. While Ports 1 and
2 are functionally independent of the mode, Ports 3 and 4 are configured by the operating mode.

The Single Chip Mode is illustrated in Figure 1-3. In this mode, the device is totally self-reliant, uses
only on-chip resources, and provides no external address or data bus. The Single Chip mode pro-
vides a maximum of 29 input/output lines including an interrupt-capable parallel 1/0 port with two
handshake control lines. Ports 3 and 4 also function as data Input/Ouput ports in this mode.
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5 I/Q Lines Port 4
Serllal I/O 81/0 Lines
16-Bit Timer -

Vss
Figure 1-3. Single Chip Mode
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In the Expanded Non-Multiplexed mode, Port 3 functions as an 8-bit bidirectional data bus while
Port 4 provides up to eight data input or address bus output lines. If address outputs are selected (by
writing ones to the port Data Direction Register), the MCU will provide up to eight of the least
significant lines of the address bus. The eight most significant address lines are decoded internally
and the resultant signal, Input/Output Select (I0S), provides a means for controlling an external
memory space access. The expanded non-multiplexed bus will interface with M6800 family
peripheral parts to directly access a maximum of 256 external locations. The MC6801 pin configura-
tion in the Expanded Non-Multiplexed mode is shown in Figure 1-4.
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8 1/0 Lines 8 Data Bus Lines

+———» R/W
Port 2

51/0

Lines Port 4
Serial I/0 8 Lines
16-Bit Timer Address/Inputs

V;s
Figure 1-4. Expanded Non-Multiplexed Mode

When configured in the Expanded Multiplexed mode, Port 3 provides the eight least significant lines
of the address bus multiplexed with a bidirectional 8-bit data bus. Port 4 provides the remaining
eight bits of the address bus. A simple latch is required to de-multiplex the Port 3 address/data bus
which is controlled by the MCU signal, AS (Address Strobe). After de-multiplexing, the bus inter-
faces with all MC6800 Family peripheral parts. Figure 1-5 illustrates the MC6801 in the Expanded
Multiplexed modes. In this configuration, the MCU can access a 64K byte memory space.
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Figure 1-5. Expanded Multiplexed Mode
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1.3 MODE INDEPENDENT MCU RESOURCES

Several MC6801 on-chip resources are functionally independent of the operating mode. These
resources include:

® Port 1,

® Port 2,

@ the Serial Communications Interface (SCI), and
® the Programmable Timer.

Port 1is configured as an 8-bit parallel input/output port where each bit can be individually defined
as an input or an output. Definition of each data port bit is accomplished by writing to the port Data
Direction Register where a “‘1’’ defines an output and a ‘‘0’’ defines an input.

Port 2 consists of five lines which can be utilized as data input/output lines except that Port 2 bit 1
cannot be used as a data output line. If certain functions are enabled, however, up to all five Port
lines are dedicated to the Programmable Timer and Serial Communications Interface. A brief over-
view of the SCI and Timer follows with a more detailed discussion provided in Chapters 6 and 7.

1.3.1 Serial Communications Interface (SCI)

The Serial Communications Interface (SCI) provides a full duplex capability with two formats and a
variety of bit rates. External access to the SCI is provided by three of the Port 2 pins which interface
with the serial transmit, receive, and bit rate clock lines.

The SCI provides two programmable formats: industry standard NRZ and Bi-Phase. Several bit
rate clocking options are also provided:

@ an internal clock can be utilized which divides the MPU clock frequency to obtain a set of four
program selectable bit rates (convenient values depend upon judicious selection of the MPU
crystal or external clock frequency),

@ the SCI can be driven by an external clock, or

@ the SCI can be programmed to provide a bit rate clock as an output.

The SCI register organization is shown in Figure 1-6 where the addressable registers are included in
the MCU internal register area. The bit rate, clocking source, and format are controlled by the SCI
Rate and Mode Control Register (‘‘Mode’’, in this case, refers to the SCI and not the MCU).

Data written to the Transmit Data Register is transferred to the transmit shift register and presented
serially to the transmit pin. Serial data at the receive pin is clocked to the receive shift register and
transferred to the Receive Data Register where it can be read by the MCU. Separate flags in the
Transmit/Receive Control and Status Register indicate when the Transmit Data Register is empty
(TDRE) and the Receive Data Register is full (RDRF). Serial data overrun and framing error protec-
tion is also provided and is indicated by the ORFE bit in the SCI Control and Status Register. A
summary of the bits in the Transmit/Receive Control and Status Register is shown in Figure 1-7 and
a more detailed account is provided in Chapter 6.



Bit 7 Rate and Mode Control Register Bit 0

CC1 | CCO| SS1}SsSo]s10
Transmit/Receive Control and Status Register
RDRF | ORFE|TDRE] RIE| RE TIE TE | wu s
Receive Data Register
$12
Port 2 (Not Addressable)
Rx 1
Bit Receive Shift Register
3 4
Clock 10 Bit Rate e
Bit | Generator I
2
b (Not Addressable)
Transmit Shift Register
Tx
Bit 12
4
$13
Transmit Data Register
Figure 1-6. SCI Register Organization
Bit 7 Bit0
$11| RDRF | ORFE | TDRE RIE RE TIE TE WU

RDRF — Receive Data Register Full
ORFE — Overrun or Framing Error
TDRE — Transmit Data Register Empty
RIE — Receive Interrupt Enable
RE — Receive Enable
TIE — Transmit Interrupt Enable
TE — Transmit Enable
WU — Wake Up

Figure 1-7. Transmit/Receive Control and Status Register
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A “‘wake-up”’ feature allows the SCI receiver to remain passive until its line goes idle which can be
interpreted as the end of the current ““message’’. This optional feature allows an MCU to ignore the
remainder of any ‘‘message’’ for which it is not an addressee by enabling the ‘‘wake-up’’ feature. It
is provided as a tool which can be used, in some cases, to enhance MPU utilization in multi-
processor configurations.

1.3.2 Programmable Timer

The MC6801 includes a Programmable Timer which is functionally independent of the operating
mode of the MCU. Possible timer applications include the following:

@ measurement of elapsed time,

@ providing an elapsed time interrupt,

@ generation of an output waveform, and

@ measurement of time between input signal level transitions.
The central element in the Programmable Timer is a 16-bit free running counter which is in-
cremented by the MPU E-clock. The counter can be read by the MPU and an overflow flag (TOF) is
set each time it contains all ones. One application of the free-running counter is to measure elapsed
time. Other applications involve using the overflow flag (TOF) to generate a periodic interrupt every
65,536 MPU E-cycles. In addition to the counter, there are two other 16-bit registers associated with
the timer as illustrated in Figure 1-8.

115 |7 icF [ocF| ToF [Eic) ]EOC![ETOIIIEDGIOLVL? 508

l Counter High Byte I Counter Low Byte J $09:0A
I Output Compare High Byte ' Output Compare Low Byte k ] $0B:0C
l Input Capture High Byte 11 Input Capture Low Byte j $0D:0E

Figure 1-8. Programmable Timer

The Output Compare Register and the Output Level Bit (OLVL) in the Timer Control and Status
Register can be utilized to control an output waveform. An interrupt, signifying an arbitrary
timeout, can also be generated using the output compare function. The free-running counter is
transferred to the read-only Input Capture Register whenever a proper level transition is sensed. The
‘“‘proper’’ transition is defined by the IEDG bit in the Timer Control and Status Register. This
feature can be used to measure periods or pulse widths. If both an output waveform is generated
and the input capture function is used, the timer requires one external input and provides one output
using two pins of Port 2.
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A summary of the Timer Control and Status Register is shown in Figure 1-9. The Input Capture
Flag (ICF) indicates if a transfer of the free-running counter to the Input Capture Register has oc-
curred. The Timer Overflow Flag (TOF) is set when the free-running counter contains all ones. The
Output Compare Flag (OCF) indicates if equality exists between the value in the Qutput Compare
Register and the free-running counter. In addition, the OLVL (Output Level) bit will be clocked to
an output latch whenever this occurs. The remaining bits in the Timer Control/Status register enable
or disable individual interrupts associated with each status flag. Each timer interrupt uses an in-
dividual prioritized interrupt vector. If all timer interrupts are pending, they will be serviced in the
following order: input capture (ICF), output compare (OCF), and timer overflow (TOF).

Bit 7 Bit 0

$08| ICF OCF | TOF | EICI [ EOCI | ETOI | IEDG | OLVL

ICF — Input Capture Flag

OCF — Output Compare Flag

TOF — Timer Overflow Flag

EIC! — Enable Input Capture Interrupt
EQC! — Enable Output Compare Interrupt
ETO! — Enable Timer Overflow Interrupt
IEDG — Input Edge
OLVL — Output Level

Figure 1-9. Timer Control and Status Register

1.4 SUMMARY OF FEATURES

When used as a single chip microcomputer or coupled with the complete spectrum of Motorola off-
the-shelf peripheral parts, the MC6801 is an extremely cost-effective and powerful tool. The
MC6801 MCU is an integral component in the Motorola M6800 Family of components. The
Motorola tradition of excellence assures the highest standards of reliability, performance, and ease
of interfacing with other parts. A summary of features of the MC6801 Single Chip Microcomputer
Unit includes the following:

® Enhanced M6800 instruction set

@ 8 X 8 multiply instruction

@ Serial Communications Interface (SCI)

@ Upward compatible with MC6800 object and source code

@ 16-bit three function Programmable Timer

@ Single chip or expandable to 64K byte address space

@ Bus compatible with M6800 Family

® 2048 bytes of ROM

@ 128 bytes of RAM (64 bytes retainable on powerdown)

® 29 parallel I/0 and two handshake control lines

@ Internal clock generator with divide-by-four output

® TTL compatible inputs and outputs

@ Single + 5 volt power supply

@ External and internal interrupts
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CHAPTER 2
OPERATING MODES AND MEMORY MAPS

2.0 INTRODUCTION

There are several possible starting points from which to begin a detailed discussion of the MC6801.
Three such possibilities include:

@ a description of the operating modes,
@ the memory map associated with each mode, and
@ a functional pin description.

This chapter discusses the MCU with respect to its operating modes and associated memory maps.
The functional pin description is contained in Chapter 3. To a large degree, all three starting points
treat the same general topics: only the viewpoint is different.

The MC6801 can be operated in a variety of configurations with varying types and amounts of on-
chip resources. The facility which provides this extraordinary flexibility is the ability of the MCU to
be hardware programmed into one of eight different operating modes.

The configuration of any particular operating mode can then be further defined using software to
initialize an I/0 port with respect to which of its bits are to be utilized as inputs and outputs. This is
accomplished by writing a byte to the write-only Data Direction Register of a port in which 1’s in-
dicate outputs and 0’s specify inputs.

As a preface to this discussion, consider a list of MCU characteristics which are affected by the
operating mode. This list admittedly contains some interdependent items, but this is unimportant to
our overall objective. MCU parameters which are affected by the operating mode include the
following:
® number of 170 lines available,
amount and location of addressable external memory,
availability of on-chip RAM,
availability of on-chip ROM,
physical location of interrupt vectors,
configuration of Port 3,
configuration of Port 4,
addressability of three associated Port 3 registers,
addressability of two associated Port 4 registers,
availability and type of external bus, and
number and type of bus control signals.



It is also advantageous to know which features of the MC6801 are not affected by the operating
mode and, therefore, function identically in every mode. Mode-independent features include:

® MPU (instruction execution unit),
® most of reserved register area,
® Port 1 configuration,
@ Port 2 configuration,
@ Serial Communications Interface (SCI), and
® Programmable Timer.
Mode characteristics are summarized in Figure 2-1 for convenient reference.

Common to All Modes:

® MPU (Instruction Execution Unit)
® Reserved Register Area
® Port 1
® Port 2
[
)

Programmable Timer
Serial Communications Interface

Single Chip — Mode 7
@ 128 Bytes of RAM; 2048 Bytes of ROM
® SC1is Input Strobe 3 (IS3)
® SC2 is Output Strobe 3 (0S3)
® Port 3 is a Parallel I/0 Port with Two Control Lines
® Port 4 is a Parallel I/0 Port

Expanded Memory Space/Non-Multiplexed Bus — Mode 5
® 128 Bytes of RAM; 2048 Bytes of ROM
® 256 Bytes of Directly Addressable External Memory Space
® SC1 is input/Output Select (I0S)
® SC2 is Read/Write (R/W)
® Port 3 is an 8-Bit Data Bus
@ Port 4 is an Input Port/Address Bus

Expanded Memory Space/Multiplexed Bus — Modes 1, 2, 3, 6
® Four Memory Space Options (64K Byte Address Space):
(1) No internal RAM or ROM {Mode 3)
(2) Internal RAM, No ROM {Mode 2)
(3) Internal RAM and ROM (Mode 1)
(4) Internal RAM, ROM with Optional Partial Address Bus {Mode 6)
® SC1is Address Strobe (AS)
® SC2 is Read/Write (R/W)
® Port 3 is a Multiplexed Address/Data Bus
® Port 4 is an Address Bus (Inputs/Address in Mode 6)

Test — Modes 0 and 4
® Expanded Test — Mode O
May be Used to Test Internal ROM and RAM
@ Single Chip and Non-Multiplexed Test — Mode 4
(1) May be Changed from Mode 4 to Mode 5
(2) May be Used to Test Port 3 and 4 Operation

Figure 2-1. Summary of Operating Mode Characteristics



A common task in the design of an MC6801-based system is to determine the number of available
1/0 lines for a particular operating mode. A minimum of eight I/0 lines are available using Port 1
regardless of the mode. The five lines of Port 2, however, are somewhat special. While P20 is used
by the Timer input capture function, this does not prevent it from also being used for other pur-
poses. The remaining four lines, however, are dedicated to SCI or Timer functions if these functions
are enabled. If a particular line is not utilized for an SCI or Timer function, it can be used for either
data input or output with one exception: Bit 1 cannot be used as a data output line. The Port 2 bits
and functions include:

® Port 2 Bit 1 — Used as Timer Output (OLVL) if Port 2 DDR bit 1 is set,

@ Port 2 Bit 2 — Used as Serial-Clock-Out or External-Clock-In if CC1 of Rate and Mode Con-

trol Register is set,
@ Port 2 Bit 3 — Used as serial data input if RE of Transmit/Receive Data Register is set, and
@ Port 2 Bit 4 — Used as serial data output if TE of Transmit/Receive Data Register is set.

While Port 2 Bit 0 can also be used for the Timer input capture function, its use is not a dedicated
one. Port 2 Bit 0 can be configured as either an input or an output depending upon the state of its bit
in the Port 2 Data Direction Register. The Programmable Timer input capture edge detector is a
passive ‘‘listener’’ of this line and functions identically regardless of whether the bit is defined as an
input or an output. If configured as an input, an MPU read of the Port 2 Data Register will result in
reading the level at P20 regardless of whether or not the input capture function is being used.

Bit 1 of Port 2 can be used as a data input line but it cannot be used as a data output line. If its DDR
bit is set, the output pin is dedicated to the output compare function output level register.

2.1 MC6801 FUNDAMENTAL MODES

The MCU can be hardware-programmed into one of eight operating modes, which are referred to
numerically as modes 0 through 7. While there are eight different opérating modes, there are but
three fundamental ones. The remaining five may be considered variations of the fundamental
modes. The three fundamental operating modes have been given the following names which corres-
pond to the type of bus associated with each of them:

@ single chip,

@ expanded non-multiplexed, and

® expanded multiplexed.



2.1.1 Single Chip Mode (Mode 7)

In Single Chip Mode, illustrated in Figure 2-2, all four ports are configured as parallel input/output
ports. The MCU functions as a self-contained microcomputer in this mode and has no external ad-
dress or data bus. Mode dependent MCU resources for Smgle Chip mode include the following:

@ 128 bytes of RAM,

@ 2048 bytes of ROM,

® a maximum of 29 and a minimum of 24 parallel 1/0O lines, and
@ two handshake control lines.
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Figure 2-2. Single Chip Mode

Of the available 29 1/0 lines, five of these lines are ‘‘shared’’ with the SCI and Timer. If SCI or
Timer functions are enabled, however the associated dedicated lmes must be deducted from the
total avallable 1/0 port. hnes

In adg_it_i,on to a maximum of 29 data port lines, there are also two héndshak‘e,centro'l lines called IS3
and OS3. These two lines are intended for use with Port 3 but can also be used for a variety of other
purposes. In addition, IS3 and OS3 allow Port 3 to be used as an 8-bit data port with handshakmg
capability.

2.1.2 Expanded Non-Multiplexed Mode (Mode 5)

The expanded non-multiplexed mode, illustrated in Figure 2-3, provides a modest amount of direct-
ly addressable external memory space (up to 256 bytes) while retaining significant on-chip
capabilities. Mode dependent resources in the expanded non-multiplexed mode include the follow-
ing: ,

@ 128 bytes of RAM

® 2048 bytes of ROM,

@ a minimum of eight I/0 port lines (Port 1) and a maximum of 13 input and 12 output lines
(Port 1 and Port 2) in addition to any Port 4 input lines which are not required as address out-
puts.
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Figure 2-3. Expanded Non-Multiplexed Mode

The RESET input configures Port 3 as an 8-bit bidirectional data bus and Port 4 as an 8-bit data in-
put port. Any combination of the eight least significant lines of the address bus can be obtained by
setting the appropriate bits in the Port 4 Data Direction Register, where Data Direction bits 0
through 7 correspond to address lines AO through A7, respectively. Internal pullup resistors provide
a logic high for Port 4 pins until software configures any desired lines as address outputs.

NOTE
No external address bus is provided until the Port 4 Data Direction Register has been con-
figured.

A maximum of 256 external read/write memory locations are available in this mode. These locations
reside in the MCU memory map at addresses $100 and $1FF, inclusively. Up to eight external ad-
dress lines (A0-A7) are available from Port 4 while the remaining eight lines (A8-A15) are decoded
internally. The output of this internal decoder is provided as Input/Output Select (I0S). The signal
is active (low) whenever an address between $0100 and $01FF is sensed on the internal address bus.
The IOS signal can be used in a chip select circuit for devices on the expanded non-multiplexed bus.

The expanded non-multiplexed bus is compatible with M6800 family parts. It consists of the follow-
ing MCU signals which are defined in detail in Chapter 3:

e E (Enable),

® D0-D7 (Data Bus),

® A0-A7 (Address Bus),

® R/W  (Read/Write),

e I0S (Input/Output Select),
Figure 2-4 illustrates a typical system configuration using the expanded non-multiplexed mode.
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Figure 2-4. System Configuration — Expanded Non-Multiplexed Mode

2.1.3 Expanded Multiplexed Mode (Modes 1, 2, 3, 6)

In the expanded multiplexed modes, a 16-bit address bus is provided and the MCU can address the
entire 64K byte address space. These modes offer a large memory space while providing several
significant on-chip resources. The following mode dependent MCU resources are available in the ex-
panded multiplexed modes:

@ 128 bytes of RAM (Modes 1, 2 and 6)

@ 2048 bytes of ROM in Mode 6 and 2032 bytes in Mode 1 (External vectors replace the most sig-
nificant 16 bytes of ROM in Mode 1)

@ any unused address outputs (A8-A15) may be used as data input lines (Port 4 — Mode 6 only)
The MCU configuration for the expanded multiplexed modes is illustrated in Figure 2-5. Port 3 is
configured as a multiplexed 8-bit address and data bus in all expanded multiplexed modes. The least
significant eight bits of address (A0-A7) are multiplexed with the entire data bus (D0-D7). A simple
external latch is required to de-multiplex the two buses. In addition, an MCU bus timing signal call-
ed Address Strobe (AS) is provided to control the latch.

Port 4 provides the eight most significant lines of the address bus for all expanded multiplexed
modes except Mode 6. For this exception, Port 4 is configured from Reset as an 8-bit parallel data
input port. By using software, however, the configuration can be changed to provide any combina-
tion of the eight most significant lines of the address bus (A8-A15). This is accomplished by setting
the appropriate bits in the Port 4 Data Direction Register. Bits 0 through 7 of the Data Direction
Register correspond to address lines A8 through A15, respectively.

NOTE

The eight most significant address lines are not provided in Mode 6 until the Port 4 Data
Direction Register has been configured.
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Figure 2-5. Expanded Multiplexed Mode

This configuration allows unused Port 4 address lines to be used for additional data input lines. In-
ternal pull-up resistors provide a logic high for the eight most significant address lines until software
configures the port.

The expanded multiplexed bus is compatible with the M6800 family and consists of the following
signals which are defined in detail in Chapter 3:

e E (Enable)

® A0/D0-A7/D7 (Multiplexed Address and Data)
® AS8-AlS (Address Bus)

® AS (Address Strobe)

® R/W (Read/Write)

A typical system configuration using the expanded multiplexed mode is illustrated in Figure 2-6.
This configuration requires an 8-bit latch to de-multiplex the address and data bus to interface with
standard M6800 family parts. The MCU signal, Address Strobe (AS), is used to control the
demultiplexing latch.
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Figure 2-6. System Configuration for Expanded Multiplexed Modes
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2.1.4 Test Modes (Modes 0 and 4)

While not fundamentally different than the other six modes, the two MC6801 Test Modes provide a
means for testing selected features of the MCU. It should be noted that many features of the MCU
can be tested in one of the expanded modes for which a large external memory space is available for
the test program. Mode 4, however, provides the only configuration for testing Ports 3 and 4 in the
single chip and expanded non-multiplexed modes without a ROM-resident ‘‘self-check’’ program.

The Mode 4 test sequence is facilitated by first loading a small program into the MCU internal RAM
using Modes 0, 1, or 2. The MCU is then Reset and re-programmed into Mode 4. In this mode, the
ROM is excluded from the MCU internal memory map and the eight most significant bits of the
RAM address decoder are treated as ‘‘don’t cares’’. This results in the Reset vector being fetched
from the two most significant bytes of the RAM. Presumably, this is a vector to the start of the
RAM-resident test program. The RAM is addressable from $XX80 to $XXFF in Mode 4 and all of
the single chip resources are accessable except the ROM. ‘

Mode 5 can be entered from Mode 4 without having to Reset the MCU. If the PCO bit in the Port 2
Data Register (bit 5) is set while in Mode 4, the mode will irreversibly change to Mode 5. This
mechanism is intended to be used for testing purposes.

The remaining test mode, Mode 0, is a variation of the expanded multiplexed mode. Two significant
features of this mode make it particularly suitable for testing purposes: (1) the Reset vector is decod-
ed as external memory space for only the first two E-cycles after RESET goes high, and (2) data read
during internal MPU reads will appear on the Port 3 external Data Bus while E (Enable) is high.

The significance of the first feature is that an external program can be used to obtain control of the
MCU from Reset and all other references to the interrupt vector area (such as MPU reads) will ac-
cess internal ROM. This characteristic provides a method for reading the entire ROM including all
of the interrupt vectors from a program which resides in external memory. The latter feature allows
the internal data bus to be monitored with automated test equipment.

A memory map restriction must be observed when operating in Mode 0. No peripheral device can be
enabled to the data bus as a response to any address in the MCU internal memory map. If this
restriction is not observed, electrical damage can occur due to data bus contention,

2.2 MODE ASSOCIATED MEMORY MAPS

Another viewpoint from which to examine the operating modes of the MC6801 is the memory map
associated with each mode. A memory map for each mode is depicted in Figures 2-7 through 2-16.
Significant details associated with each operating mode are included with each of the maps for con-
venient reference.

Hatched areas on the maps depict internal addresses while open areas refer to available external
memory space. Unusable addresses are designated as such on the applicable memory maps.

Most of the information presented in the memory maps has been previously mentioned. Two
aspects, however, have not been discussed and are worthy of special mention: (1) several notes refer
to addresses in the internal register area which are excluded in several modes, and (2) there is a
variant mode for Mode 1 and Mode 6 called Mode 1R and Mode 6R, respectively. These two aspects
are discussed in the next two sections.



MC6801 MC6801
MODE MULTIPLEXED TEST MODE . MODE

$0000

External Memory Space

$0080

)

f External Memory Space

$F800 <

/// F Internal ROM
$FFFF(2) ' 4 -~ Internal Interrupt Vectors(2) »

Notes:

(1)
(2)

(3)
(4)
(6)

Excludes the following addresses which may be used externally: $04, $05, $06, $07 and $OF.
Addresses $FFFE and $FFFF are considered external if accessed within 2 cycles after a positive edge of
RESET and internal at all other times.

After 2 MPU cycles, there must be no overlapping of internal and external memory spaces to avoid
driving the data bus with more than one device.

This mode is the only mode which may be used to examine the interrupt vectors in internal ROM using
an external RESET vector.

Assumes RAME (RAM Enable bit) is set.

Figure 2-7. Memory Map for Mode 0
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| MODE l : MULTIPLEXED/RAM AND ROM MODE 1 |

External Memory Space

$0080

/ } Internal RAM(3)
wor 40

> External Memory Space

SFFFO } External Interrupt Vectors
$FFFF

Notes:

(1) Excludes the following addresses which may be used externally: $04, $05, $06, $07, and $OF.
(2) Internal ROM addresses $FFFO to $FFFF are not usable.
(30  Assumes RAME (RAM Enable bit) is set. '

Figure 2-8. Memory Map for Mode 1
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R 'R
MC6801 1 mceso1
MODE MULTIPLEXED/RAM AND ROM MODE

$0000

External Memory Space

P External Memory Space

$xB00(2) % 1 (2) |
$XFFF /422

External Memory Space

$FFFO
External Interrupt Vectors

SFFFF

Notes:

(1) Excludes the following addresses which may be used externally: $04, $05, $06, $07, and $OF.
(2) Starting addresses for the internal ROM may be $C800,$D800 or $E800 as a mask option.
(3) Assumes RAME (RAM Enable bit) is set.

Figure 2-9. Memory Map for Mode 1R
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MC6801 | | MC6801
MODE 2 MULTIPLEXED/RAM, NO ROM MODE 2

External Memory Space

$0080

00/ 45

> External Memory Space

$FFFO

External Interrupt Vectors

$FFFF

Notes:

(1) Excludes the following addresses which may be used externally: $04, $05, $06, $07, and $0F.
(2) Assumes RAME (RAM Enable bit) is set.

Figure 2-10. Memory Map for Mode 2
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MC6801 MULTIPLEXED/NO RAM OR ROM MC6801 g
MODE MODE

> External Memory Space

$FFFO |
External Interrupt Vectors

S$FFFF

Notes:

(1 Excludes the following addresses which may be used externally: $04, $05, $06, $07, and $OF.

Figure 2-11. Memory Map for Mode 3
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MC6801 | , MC6801
MODE SINGLE CHIP TEST MODE

A

Unusable(1)(4)

$XX80 // '
/// / Internal RAM .
$XXFF / internal Interrupt Vectors

Notes:

(1
(2)

(3)
(4)
(5)

The internal ROM is disabled.

Mode 4 may be changed to Mode 5 without havihg to assert RESET by writing a 1"’ to bit 5 (PCO) of
Port 2 Data Register.

Addresses A8 to A15 are treated as “‘don’t cares’’ to decode internal RAM.
Internal RAM will appear as $XX80 to $XXFF.
MPU reads of Port 3 Data Direction Register will access Port 3 Data Register instead.

Figure 2-12. Memory Map for Mode 4
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MC6801 NON-MULTIPLEXED/PARTIAL DECODE MC6801
MODE MODE

$OOOO
/ ////////// /} Internal Registers(1)
$001F
Unusa Ie(4)
$0080// \
// / S Internal RAM(®)
SOOFF A/
$0100 ~
> External Memory Space
$OVFF /
Unusable(4)

// F Internal ROM
$FFFF é / Internal Interrupt Vectors
Notes:

(1) Excludes the following addresses which are decoded as external: $04, $06, $OF. ,

(2)  This mode may be entered without going through Reset by using Mode 4 and subsequently writing a
“1'" into. the PCO bit of Port 2 Data Register.

{3) Address lines AO-A7 will not contain addresses until the Data Direction Register for Port 4 has been
written with 1's in the appropriate bits. These address lines will provide 1's until software configures
Port 4 Data Direction Register.

(4) This area cannot be directly addressed or written.

(5)  Assumes RAME (RAM Enable bit) is set.

Figure 2-13. Memory Map for Mode 5
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MC6801 | MC6801
MODE 6 MULTIPLEXED/PARTIAL DECODE‘ MODE 6

External Memory Space

.
So0FF //// / Internal RAM(3)

> External Memory Space

$F800 '
7 N
k > Internal ROM
$FFFF A / Internal Interrupt Vectors

{1) - Excludes the following addresses which may be used externally: $04, $06, $OF.

(2)  Address lines A8-A15 will not contain addresses until the Data Direction Register for Port 4 has been
written with ““1"’s in the appropriate bits. These address lines will assert “*1"’s until made outputs by
writing the Data Direction Register. - '

(3) Assumes RAME (RAM Enable bit) is set.

Notes:

Figure 2-14. Memory Map for Mode 6
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A R R
MC6801 | , - MC6801
MODE 6 MULTIPLEXED/PARTIAL DECODE MODE 6

External Memory Space

$0080 |-

7//// Internal ‘RAM(4)
wnl LI

> External Memory Space

$x800(3) W J
/ > Internal ROM(3)
- 4 |

External Memory Space

$FFFO

External Interrupt Vectors

$FFFF

Notes:

(1) Excludes the following addresses which may be used externally: $04, $06, $OF.

(2)  Address lines A8-A15 will not contain addresses until the Data Direction Register for Port 4 has been
written with ““1"'s in the appropriate bits. These address lines will assert ““1'’s until made outputs by
writing the Data Direction Register.

(3) Starting addresses for the internal ROM may be $C800, $D800 or $E800

(4) Assumes RAME (RAM Enable bit) is set.

Figure 2-15. Memory Map for Mode 6R
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MC6801
MODE

SINGLE CHIP

MC6801
MODE

$0000

Wiy
Internal Registers(1)
Unusable |
$0080
y/// / Internal RAM(2)
$00FF \ //
Unusable
$F800

$FFFF

"Notes:

i
;fi;;éz;ii:///// > Internal ROM
% 7 Internal Interrupt Vectors

(1 MPU reads of Port 3 Data Direction Register will access Port 3 Data Reglster instead.
(2)  Assumes RAME (RAM Enable bit) is set.

Figure 2-16. Memory Map for Mode 7
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2.2.1 Internal Register Area Exclusions

The internal register area is present in every MCU memory map and consists of the registers shown
in Figure 2-17. From this map, it should be noted that all four ports have an assigned Data Direction
Register and a Data Register. Port 3 has one additional register which is used to define its configura-
tion in the Single Chip Mode: the Port 3 Control and Status Register.

Address Register
00 Port 1 Data Direction Register
01 Port 2 Data Direction Register
02 Port 1 Data Register
03 Port 2 Data Register
04" Port 3 Data Direction Register
05"+ Port 4 Data Direction Register
06" Port 3 Data Register
o7** Port 4 Data Register
08 Timer Control and Status Register (TCSR)
09 Counter Register (MSB)
0A Counter Register (LSB)
0B Output Compare Register (MSB)
oc Output Compare Register (LSB)
ob Input Capture Register (MSB)
OE Input Capture Register (LSB)
OF* Port 3 Control and Status Register
10 SCI Rate and Mode Control Register (RMCR)
1" Transmit/Receive Control and Status Register
12 SCI Receiver Data Register
13 SCI Transmit Data Register
14 RAM Control Register
16-1F Reserved

* External addresses in all modes except Modes 4 and 7
**External address in Modes 0, 1, 2, and 3

Figure 2-17. MCU Internal Register Area

When a port functions as an I/0 port, the associated Data Direction Register is used to define which
bits are configured as inputs or outputs. All of the MCU Data Direction Registers are cleared during
Reset, which configures all data port lines as inputs. Any particular bit can be changed to an output,
however, by setting its corresponding bit in the Data Direction Register. When configured as a data
port, the Data Register allows the programmer to directly access its associated pins.

In those operating modes that utilize Ports 3 and 4 as dedicated address or data buses and not as
data ports, the addresses of the registers associated with them are decoded by the MCU as external
addresses. For example, in modes O through 3, Ports 3 and 4 provide the address and data bus. In
these modes, the locations reserved for the Port 3 Data Register ($06), Data Direction Register
($04), and Control and Status Register ($0F), are decoded as external addresses. Similarly, the Port
4 Data Register ($07) and Data Direction Register ($05) are also decoded as external memory loca-
tions. This feature allows external hardware to emulate Ports 3 and 4 as data ports. An expanded
multiplexed mode is used and the emulated ports respond correctly to their associated register ad-
dresses.
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2.2.2 Relocatable ROM Options: Modes 1R and 6R

The internal ROM can be relocated by a mask option from $F800-$FFFF to one of the following ad-
dress ranges:*

@ $C800-$CFFF,

® $D800-$DFFF, or

o $E800-SEFFF.
As shown in Figures 2-9 and 2-15, the physical location of the interrupt vector area associated with
each mode, however, is not changed. The net result is that the relocated ROM option only has ap-
plications value in two Modes: 1 and 6. The modes are labeled as 1R and 6R in the memory maps. In
Mode 1R, one effect of this change is to reclaim the 16 bytes of internal ROM that could not be ac-
cessed in Mode 1 due to the external interrupt vector area. In Mode 6R, the value of the option is to
obtain both the use of external interrupt vectors and the ability to configure the Port 4 unused ad-
dress lines as data input lines. If planning to use the MC68701 EPROM as a tool in the prototype
phase, the reader should check the current Data Sheet to determine if it supports the ‘R’ option.

2.3 PROGRAMMING THE MODE

Having discussed the characteristics associated with each of the MCU operating modes, it is now ap-
propriate to briefly describe how the MCU is programmed into a given mode. The following
remarks are intended to provide a general overview of how this is accomplished. Circuit details are
contained in the discussion for the RESET pin in Chapter 3.

The MC6801 operating mode is controlled by the levels present at pins 8, 9, and 10 during the rising
edge of RESET. These same three pins, however, also function as the least three significant bits of
Port 2. The operating mode is latched into the MCU Program Control Register on the rising edge of
RESET after which time the levels can be removed and the pins used for other purposes. The
operating mode can be read from the Port 2 Data Rgister where the values PCO (Pin 8), PC1 (Pin 9),
and PC2 (Pin 10) appear as data bits DS through D7, respectively.

The Program Control register may be considered a read-only register with a single exception: Mode
4 will be irreversibly changed to Mode 5 if a ‘1’ is written to the PCO bit in the Port 2 Data
Register. This feature is included for testing purposes and provides a mechanism to enable changing
from Mode 4 to Mode 5 without having to Reset the MCU.

2.4 MC6801 COMPARISONS
Having concluded the discussion of the MCU operating modes, it is considered appropriate to con-
trast the MC6801 with several other M6800 family parts. This will enable the reader to see how the

MCU has been integrated with other parts in the family. For a more detailed and current description
of any particular part, the reader is referred to the appropriate Data Sheet.

*An additional mask option allows for partially decoding the address bus by making address lines, A13-A12, ‘“‘don’t cares.”
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2.4.1 MC6800 Bus Comparison

While the two types of MC6801 external buses are compatible with M6800 family parts, it is not a
signal-for-signal replacement for the MC6800 MPU.

The E (Enable) output of the MC6801 is similar and functionally equivalent to the MC6800 ¢2 clock
signal. The ¢1 clock signal, however, is derived internally and is not provided as an output.

The MC6800 VMA (Valid Memory Address) signal is not provided by the MCU and is not required
in MC6801 systems. VMA is used in MC6800 systems to indicate bus cycles during which an invalid
address could exist on the address bus. In MC6801 systems, these unused bus cycles are replaced
with those which produce an MPU read of address SFFFF. Because this corresponds to the Reset
vector and the R/W (Read/Write) line is forced high (read), the VMA signal is not required.

The MC6800 Three State Control (TSC), Data Bus Enable (DBE), HALT, and Bus Available (BA)
signals have no counterpart in the MC6801.

The MC6801 expanded multiplexed data bus differs somewhat from its MC6800 predecessor. The
MCU multiplexed data bus exists only when E (Enable) is high. When E is low, the lines are part of
the address bus. Peripheral parts interfacing with this data bus must be controlled such that they are
enabled onto the bus when E (Enable) is high and are removed at all other times. If this timing is not
observed, peripheral parts could be enabled to the data bus while the MCU is supplying address.

2.4.2 Comparison with MC6803

The MC6803 is functionally identical to an MC6801 which is limited to selected modes. The MC6803
can be considered an MC6801 operating in Modes 2 or 3. Operation in modes other than these (ex-
cepting Mode 0) is undefined. In Mode 0, the contents of the ROM is undefined.

2.4.3 Comparison with MC68701

One application for the MC68701 is as a tool in the prototype phase for MC6801-based systems
which utilize the internal ROM. It is nearly a pin-for-pin surrogate for the MC6801 with its most
distinctive feature being the substitution of the internal ROM with a 2048-byte EPROM. The
EPROM offers the designer a convenient tool with which to develop and test a ROM-resident pro-
gram before committing it to production. Minor differences between the MC6801 and the MC68701
include the following:

@ the ROM has been replaced with a 2048-byte EPROM,

@ the interrupt vector space has been modified in Mode 0,

® the RESET pin is electrically different, and

@ two bits have been added to the RAM Control Register to support programming of the

EPROM.

A description of the MC68701 is presented in Appendix E.
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2.4.4 Comparison with MC68120

The MC68120 Intelligent Peripheral Controller (IPC) is a general purpose mask programmable,
48-pin, single-chip or expandable peripheral controller. The IPC provides the interface between an
MC68000, MC6800, MC6801, or MC6809 microprocessor and a peripheral device through a system
bus, shared dual-ported RAM, and associated control lines. The MC68120 is architecturally similar
to the MC6801 with many additional features which enhance its operation as a peripheral controller.
Software for the MC68120 is both source and object code compatible with the MC6801. Features of
the MC68120 include the following:

® Local Bus Compatible with the M6800 and M68000 Family

@ 128 Bytes of Dual-Ported RAM

.@ Six Semaphore Registers

@ System Bus Interface Compatible with M6800 and M68000 Families
@ Single Chip or Expandable to 64K Byte Address Space

@ 21 Parallel I7/0 and Two Handshake Control Lines

@ Serial Communications Interface (SCI)

® 16-Bit Three Function Programmable Timer
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CHAPTER 3
FUNCTIONAL PIN DESCRIPTION

3.0 INTRODUCTION

While the first two chapters were written for the system designer, this discussion is intended primari-
ly for the system implementor. When supplemented with a current MC6801 Data Sheet, it is suffi-
ciently detailed to support circuit design of MC6801-based systems.

A diagram of the MC6801 40-pin package is shown in Figure 3-1 and a functional block diagram is
illustrated in Figure 3-2. Twenty-nine pins are organized as three 8-bit ports and one 5-bit port. Each
port consists of at least a Data Register, a write-only Data Direction Register, and an output driver.
The Data Direction Register is used to define whether corresponding bits in the Data Register are
configured as an input (clear) or output (set). Port pins are labeled as Pij where i identifies the port
and j indicates the particular bit.

The terms “‘I/0 port”’ or ‘‘data port’’ have a very specific meaning when applied to the MC6801.
When the port is used as a ‘‘data port”’ or, equivalently, *‘I/O port,”’ it is controlled by its Data
Direction Register and the programmer has direct access to its pins using the port associated with the
Data Register. Address and data buses and associated control lines are never referred to simply as
“I/0O”’ or ‘“‘data’’ in this discussion.

Vss [: 1 ‘ 40 E
XTAL1 [] 2 39;501
EXTAL2 3 3g[ ] sc2
NMI ,é 4 3703 P30
iRO1 L] 5 36 ) P31
RESET [ 6 35 _1P32
vee [ 7 34 P33
P20 L] 8 331 P34
P21 [ 9 3211 P35
P22 110 311 P36
P23 !: 11 30[ P37
p2a (12 29 [ Pao
pro ] 13 28 ] rPan
p11 ] 14 27 [ P42
P12 15 26 |1 P43
P13} 16 25 ] Paa
P1a T 17 2411 P45
p1s [} 18 23 [ _1P46
p16 119 22 [ pa7
P17 0] 20 21 :\S/%%dby

Figure 3-1. MC6801 Pin Diagram
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An “MPU read”’ or ‘“MPU write”’ is defined as any access of a particular location with the R/W
(Read/Write) line high or low, respectively. Examples of instructions which perform an MPU read
include LDAA, TST, and ORAB. Examples of MPU write instructions include STAA and STX.
Both an MPU read and write are performed in such ‘‘read-modify-write’’ instructions as NEG,
INC, and COM.

Of the 40 MCU pins, 22 function identically in all eight operating modes. These pins include all but
those 18 illustrated on the far left of Figure 3-2. The configuration of the 18 pins (Ports 3 and 4,
SC1, SC2) depends upon the operating mode. The organizational scheme of this chapter is to first
present descriptions for each of the 22 mode independent pins. The remaining 18 pins are then
discussed according to their relationship to each of the three MCU fundamental operating modes.
Some repetition is necessarily introduced with this scheme. It is intended, however, that the reader
be required to reference only the material pertaining to the intended mode of operation.

Not all of the remaining details of the MC6801 are discussed in this chapter. The excluded topics
constitute the basis for the remainder of this manual and include:

@ the instruction set,

@ the interrupt structure,

@ the Serial Communications Interface (SCI), and
@ the Programmable Timer

One aspect of the following discussion is unique to Motorola microprocessor documentation. Logic
diagrams for each of the four MCU ports are included as part of the presentation. It is recognized
that these diagrams might not be understood by all readers and those could be left with the impres-
sion that a critical part of the discussion has been missed. No critical information is presented solely
by the use of logic diagrams and, therefore, they can be totally ignored without serious conse-
quences.

The logic diagrams have been included (1) to provide insight as to why the MCU functions as it does,
(2) to provide a method to obtain non-critical information about topics not considered to be of suf-
ficient interest to include in the discussion, and (3) to reinforce the explanations. Because Port 1 is
discussed prior to other ports and is common to all modes, its logic diagram is described in greater
detail. Some aspects of the Port 1 logic diagram and description are not repeated in the discussion
for the remaining ports.

Finally, one last aspect of this chapter must be mentioned. A current MC6801 Data Sheet is intend-
ed to summarize and supplement this discussion. The symbols used in this chapter are defined quan-
titatively in this document. This chapter provides amplification and explanation for most material
presented in the MC6801 Data Sheet.
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3.1 MODE INDEPENDENT PINS

Twenty-two of the 40 MCU pins are not affected by the operating mode and thus function identical-
ly in all modes. These mode independent pins include:

@ XTALI and EXTAL2

® VC(C, VSS, Ve Standby
e NMI

® P10-P17 (Port 1)

e E

@ RESET

e IRQI

@ P20-P24 (Port 2)

The function of these 22 pins is discussed in the following sections. It should be remembered that
they are applicable to every MC6801-based system regardless of its operating mode.

3.1.1 XTAL1 and EXTAL2: MCU Clock Inputs

The XTAL1 and EXTAL?2 pins are used to drive the MCU internal clock generator and produces
two clock signals. The two clock input pins can be driven by either of two different types of devices:
@ a quartz crystal resonator, or
® a TTL-compatible external clock source.

The MCU internal clock generator consists of an oscillator synchronized with an external crystal or
other reference and has a divide-by-four circuit in the output. The output is provided as the E
(Enable) signal. Two non-overlapping clocks are derived from it and used as the primary MCU
clocks. The internal clock, ¢2, is in phase with E (Enable). The division-by-four circuit facilitates
driving the MCU with higher frequency components which are usually less expensive.

Considerations involved in the selection of a particular external clock frequency include:
@ it cannot exceed the recommended operating frequency (either 4fo or fXTAL), and

@ if a particular SCI baud is desired when using the internal bit rate generator, the external fre-
quency must be chosen to produce the desired rate.

If a crystal is used to dnve the MCU it should be manufactured with an AT cut, operated in the
parallel resonance mode, and have a fundamental frequency within the range specified for fXTAL.
Note that the internal divide-by-four circuitry allows use of the inexpensive standard 3.58 MHz or
4.4336 MHz color burst TV crystals. A capacitor must be connected between each crystal pin and
ground to ensure reliable startup and operation.

The crystal and capacitors should be mounted as close to the XTAL1 and EXTAL?2 pins as possible
and drive only the MCU. This will minimize output distortion and startup stabilization time.
Nominal recommended crystal specifications are shown in Figure 3-3; however, a MC6801 data
sheet should be consulted for more details. The MCU is compatible with many commercially
available quartz crystal resonators.



(a) Nominal Recommended Crystal Parameters

MC6801:Nominal Crystal Parameters
MC6801 3.58 MHz 4.00 MH 5.0 MHz
RS . 60 Q 50 Q 30-50 Q
Co 3.5 pF 6.5 pF 4.6 pF
g * C1 0.015 pF 0.025 pF 0.01-0.02 pF
— B Q >40 k >30 k >20 k
*Note: These are representative AT-cut crystal parameters
only. Crystals of other types of cuts may also be used.
;; C C T
= = 2 4"%‘ 3
CL = 24 pF (typical)
’___N':‘f\__{ew':v______‘
See Data Sheet for capacitor value. C1 S
2 —4 ¢—3
iY4
I\
Co

Equivalent Circuit

(b) Oscillator Stabilization Time (trc)

Y o
¥ 475V 77
Vee
E
— F
RESET
f o8V
" tRC LA
Oscillator
Stabilization
Time, tRC

Figure 3-3. MC6801 Recommended Crystal Parameters
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The MCU can also be driven by an external TTL-compatible clock sourcé. In this configuration, the
clock source is connected to the EXTAL?2 input and the XTAL1 input must be tied to ground. The
external clock source frequency must be in the range specified for 4fo with a duty cycle of 50%
(£ 10%)*.

Consideration must be given to the time required for the MCU clock generator to stabilize during
powerup when designing the Reset circuit. RESET must be kept below 0.8 volt until the clock
generator has stabilized. For the recommended crystal, the time is tRC after VCC reaches 4.75 volts
as shown in Figure 3-3.

If an external clock source is used, it is possible to ‘‘stretch’’ the MCU clock input (i.e., temporarily
extend the period) but certain operating limitations must be observed. Typically, this is only
desirable when operating in the expanded multiplexed modes and interfacing with slow memories,
refreshing dynamic memories, or performing multiplexed DMA transfers. Design considerations in-
clude:
1. the “‘stretched’’ half-cycle must be synchronized with E,
2. duty cycle limitations must be observed, _
3. no half-cycle can be stretched beyond one-half of tcyc (maximum), :
4. the Programmable Timer is clocked by E and will be affected by altering the MCU input fre-
quency, and
5. the SCI internal bit rate generator is clocked by the Programmable Timer and serial operations
can be adversely affected by altering the MCU input frequency. :

3.1.2 E: MCU Clock Output

The E (Enable) clock is provided as a timing signal to synchronize Data Bus transfers. An ‘“MPU
E-cycle’’ (or bus cycle) consists of a negative half-cycle of E followed by a positive half-cycle. For
any given bus cycle, address will become valid during the negative half-cycle of E and the selected
device must be enabled to the Data Bus during the next positive half-cycle. The data bus is active on-
ly while E is high or, equivalently, ‘‘during E.’’ Specific details of bus timing are discussed in sec-
tions 3.3.5 and 3.4.5.

Enable (E) is the primary MCU system timing signal and all timing data specified as cycles with
respect to this clock unless otherwise noted. The frequency of E is equivalent to the MCU input fre-
quency divided by four. Due to propagation delays in the clock generator, however, some skew will
exist between the external clock source or crystal and E. Enable (E) is derived from alternating
negative edges of the MCU input clock and is unaffected by the clock duty cycle. The Enable output
will drive one Schottky TTL load and 90 pF and is functionally equivalent to an M6800 system ¢2
clock.

*A more detailed discussion of how the duty cycle affects the expanded multiplexed bus timing is included in Appendix I.
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3.1.3 RESET

The Reset function is used for three primary purposes in an MC6801 system:
1. to provide an orderly and defined startup of MPU activity from a powerdown condition,
2. to return a system to startup conditions without an intervening powerdown condition, and
3. as a control signal to latch the operating mode.

In this discussion, a distinction is made beteen the MCU input signal, RESET, and the internal
Reset state by using the two preceding forms of capitalization. The bar (or overscore) indicates that
the signal is active when pulled low.

When RESET is pulled low, execution of the current instruction is aborted and the MPU enters a
‘‘Reset state.”’ No registers are pushed onto the stack and their contents are not defined while in this
state.

While RESET is held low, instruction execution is suspended and