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INTRODUCTION

This application note illustrates a system which utilizes
several functions of the MC68901 Multifunction Peripheral
(MFP). The utilized functions include: 1) USART serial I/O,
2) utilization of internal timers to generate the serial 1/O
baud rate, 3) utilization of internal timers to generate exter-
nal interrupts, and 4) use of general purpose 1/0 pins to pro-
vide a cassette interface.

Other general control signal connections are also illus-
trated. These include: system clock, R/W, IRQ, DTACK,
TACK, DS, CS, and timer clock external connections
(XTALI1 and XTAL2).

A schematic diagram of the actual hardware used in this
application note is shown in Figure 1 at the end of this docu-
ment. In addition to Figure 1, a listing of the software used
with the application is also provided at the end of this
document.

HARDWARE CONSIDERATIONS

The hardware shown in Figure 1 uses the MC68008 micro-
processor unit (MPU) to control the system; that is, address,
data, function codes, data and address strobes, etc. The
MC68901 MFP then provides the interrupt and interrupt vec-
tors for the MPU. Eight MCM6665 RAM devices are used to
demonstrate the requirement for refresh timing (RAS and
CAS). The ROM is implemented in EPROM. Miscellaneous
glue parts then tie the system together.

ADDRESS DECODING

Because the addressing range of the MC68008 far exceeds
the needs of this application, it is possible to use a simple ad-
dress decoding scheme. An SN74LS138 3-to-8 demultiplexer
(U19) is used to divide the address map into eight 128K

segments. Three of these eight segments are assigned to
RAM, the MC68901 MFP, and ROM respectively. RAM
begins at $00000, MC68901 MFP begins at $20000, and
ROM (EPROM) begins at $A0000. The other five segment
select control lines are available for expansion.

One problem associated with placing system ROM at any
segment other than the bottom of memory is that the
MC68008 looks at location $00000 for its reset vector; how-
ever, it is impractical to place ROM at the bottom of the
memory map because this would prohibit dynamic interrupt
vector programming. This can be resolved by mapping the
ROM to the lower portion of memory at reset. In this appli-
cation, an SN74LS164 shift register (U18) is used to force
selection of ROM for the first eight memory cycles after reset
to allow the processor to fetch the reset vector and supervisor
stack pointer from ROM. When QH of the SN74LS164 shift
register is low, selection of ROM is automatic and selection
of RAM is inhibited. Once QH goes high, selection proceeds
in a normal fashion. Ul8 is reset whenever HALT and
RESET are both active (the system reset condition). Once
RESET or HALT become inactive, a logic one is shifted into
U18 by the rising edge of AS. After eight memory cycles QH
goes high and ROM returns to its normal location in the
memory map.

RAM CONTROLS

_A second SN74L.S164 (U17) is used to generate the RAS,
CAS, MUX, and DTACK signals. The RAS, CAS, and
MUX signals provide control of the dynamic RAM, and
DTACK is applied to the MPU to indicate access to the
RAM and ROM. Shift register U17 is inhibited from shifting
by IACK cycles and by memory cycles to the MC68901. For
all other memory cycles, the shift register is allowed to shift
and generate DTACK. Notice that DTACK is automatically
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generated for all areas of memory other than that assigned to
the MC68901 and that only one DTACK time is generated
(500 nanoseconds after AS). System performance could be
improved by optimizing dynamic RAM sequencing and
DTACK generation. RAS is generated for all memory cycles
&ile CAS is enabled by selection of RAM. By generating
RAS for all memory cycles it is possible to refresh RAM by
executing instructions out of ROM (software refresh). Ad-
dress multiplexing for the dynamic RAM is accomplished
with two SN74LS157 two-input multiplexers (U1 and U2).

MC68008/MC68901 INTERFACE

Interfacing the MC68901 is fairly simple. RESET, DS,
R/W, and DO-D7 on the MC68901 connect directly to the
corresponding pins on the MC68008. RS1-RS5 on the
MC68901 connect to the A1-AS pins on the MC68008. Chip
select (CS) is generated by qualifying the memory segment
signal from U19 with AS. DTACK is gated with the QD out-
put from U17 and passed to the MC68008. The preceeding
signals are the only ones that are required for interfacing the
MPU with the MFP. In addition, this application utilizes the
interrupt capability of the MC68901. The IRQ line of the
MC68901 is connected directly to both of the MC68008 IPL
pins. This corresponds to a level seven interrupt (a non-
maskable interrupt; NMI). Because this application uses the
MC68901 to time dynamic refresh intervals, it is imperative
that the IRQ interrupt be of the highest priority. If the inter-
rupt capabilities of the MC68901 are to be more fully ex-
ploited it is important that no interrupt level be implemented
that is higher than the one used for software refresh. The
user must never disable or mask the refresh interrupt as this
will result in the loss of data. IACK for the MC68901 is
generated when the three function codes (FC2-FCO0) and A3,
A2, and Al are all high.

For the purpose of baud rate generation, a 2.4576 MHz
crystal is connected to the MC68901. Timer C (TCO) is exter-
nally connected to the receiver clock (RC) and timer D
(TDO) is externally connected to the transmitter clock (TC).
Although the software included with this application
assumes that the receiver and transmitter clocks operate at
the same frequency, the MFP allows for separate clocks.

RESET AND TIMING

The MC68008 requires that an external reset must be ap-
plied for at least 100 milliseconds to allow stabilization of the
on-chip circuitry and system clock. In this application,
system reset is caused at powerup by an MC145S timer circuit
output or it can be generated via a debounced switch. The
outputs of the timer and the switch are buffered by open-
collector drivers (U27) the outputs of which are connected to
HALT and RESET.

System timing is provided by a 16 MHz oscillator (U20)
which is divided by the two flip flops of U21 to provide
8 MHz (CLK8) and 4 MHz (CLK4) on-chip clocks. The
4 MHz clock is used only by the MC68901 which does not re-
quire that its clock be of the same frequency or phase as the
system clock.

CASSETTE INTERFACE

Two general purpose 1/0 lines of the MC68901 (IS and 16)
are used for the cassette interface. Data is transmitted and
received as square waves. The length of a single cycle of the
square wave determines whether a ‘1’ or a ‘0’ is being
transferred.

Data for the cassette interface is output at 16 of the MFP.

This output drives a resistor network which divides the
voltage by approximately 10. The cassette data output line is
then connected to the microphone input of a cassette
recorder.

Data to be received from the cassette tape player is shaped
in a comparator, U30A. Two IN914 diodes limit the voltage
swing to the input of the comparator. The second com-
parator (U30B) is used to invert the output of U30A. Inver-
sion may or may not be needed depending on whether or not
the cassette plays back an inverted signal. The software in
this application note assumes that the signal is not inverted.
Comparator U30A provides one level of inversion so if the
cassette tape player does not provide a level of inversion then
a second one must be provided by U30B. The output of com-
parator U30A is connected to IS of the MFP (unless U30B is
needed).

SOFTWARE

There are six basic software routines included with this ap-
plication note: MC68901 initialization, software dynamic
RAM refresh, transmit character to and receive character
from the serial port, transmit character to and receive
character from cassette tape. This software represents the
basic core of hardware dependent routines necessary for this
system.

MC68901 INITIALIZATION

Initialization of the MC68901 consists of starting the serial
communication clocks, loading the USART control register,
and enabling the refresh clock interrupt. Timers C and D are
used for serial receiver and transmitter clocks. In this ap-
plication both timers are programmed for 9600 baud opera-
tion. The 2.4576 MHz reference clock is divided by 16 by
loading $02 into both data registers C and D and by starting
timers C and D in the divide-by-4 mode. The USART control
register is initialized to operate in the divide-by-16 mode
(2.4576 MHz/16¥16=9600 baud). In addition, the proper
serial communications protocol must be loaded into the
USART control register. In this case the USART is program-
med for asynchronous communication with: 1 start bit, 12
stop bits, and odd parity.

In order to facilitate software refresh of dynamic RAM,
the MC68901 interrupt vector is initialized and the timer B
interrupt enable and mask bits are set. The timer B output
serves as the refresh clock.

SOFTWARE REFRESH

Software refresh consists of accessing 128 consecutive
memory locations at regularly timed intervals. In this case, it
is accomplished by executing 64 NOP instructions of which
each requires two memory fetches. The software refresh pro-
gram is written as a subroutine which may be called at any
time to force a refresh. The refresh subroutine resets timer B
(the refresh clock) and executes 64 NOP instructions. Timer
B is programmed to generate interrupts every 2 milliseconds.
The interrupt routine consists simply of a call to the refresh
subroutine. One of the main concerns with software refresh
is that programs that have critical timing loops (for example
the cassette tape interface routines) could be interrupted for
refresh if care were not taken. In order to avoid problems,
the refresh routine is written so that an interrupt may be
forced before a critical timing loop. The user may then be
certain that an interrupt will not occur for at least 1.8 milli-
seconds. A call to the refresh subroutine should be included
in any reset routine in order to preclude loss of data.



SERIAL I/0

Both the receive and transmit routines check for break by
reading a bit in the receiver status register. If a break is
received at any time during serial communications then a
jump to a BREAK character handler routine is made. The
exact nature of this subroutine is undefined in this applica-
tion note but it could consist of transmitting a message and
then returning to the user’s monitor. The transmit routine
also checks for a control-W character and halts if one is
received. Transmission is then resumed if any character is
received. For serial communications, the divide-by-16 mode
(a USART control bit) should be used since it results in in-
creased noise rejection. In order to operate the USART in
the divide-by-1 mode the receiver clock must be synchronized
externally to the received data.

CASSETTE TAPE INTERFACE SOFTWARE

Data is transmitted to the cassette through GPIP6 (bit 6 of
the general purpose input/output port control register) and

received through GPIPS (bit 5 of the general purpose input/
output port control register). Data is recorded as a sequence
of single cycle square waves with a 500 microsecond period
representing a logic one and a one millisecond period
representing a logic zero. Before any critical timing loop is
executed, in either the transmit or receive routine, a branch
to the refresh software is made in order to guarantee that the
timing loop will not be interrupted. Timer A of the MC68901
is used for period measurement in both routines. The
transmit routine transmits a single byte with the most signifi-
cant bit first. It is assumed that the first byte of any data
stream to be transmitted will be a synchronizing character. In
this case the receive routine assumes the synchronizing
character to be an ASCII S. The receive routine measures the
period length of all incoming square waves in order to
generate a bit stream. A simple synchronization routine is in-
cluded in the program which scans the bit stream for an S.
After synchronization data, bytes are assembled from each
successive 8-bit block.
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D = Open Collector Outputs

FIGURE 1 — Schematic Diagram of Hardware Used in This Application Note
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