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Dear Customer,

Congratulations on your recent purchase of the 68K Educational Computer Board.

YOUR MOTOROLA WARRANTY

Motorola Inc. warrants this product against defects in material and workmanship
for a period of ninety (90) days from the original data of purchase. THIS
WARRANTY EXTENDS TO THE ORIGINAL CUSTOMER ONLY AND IS IN LIEU OF ALL OTHER
WARRANTIES, INCLUDING IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS. In no
event will the Seller be liable for any incidental or consequential damages.

During the warranty period, Motorola will replace, at no charge, components that
fail, provided the product is returned (properly packed and shipped prepaid) to
Motorola at the address printed below. Dated proof of purchase (such as a copy
of the sales receipt or bill of sale) must be enclosed with shipment to validate
warranty. We will return the shipment prepaid via UPS.*

This warranty does not apply if, in the opinion of Motorola, the product has
been damaged by accident, misuse, neglect, misapplication, or as a result of
service or modification by other than the authorized Motorola Service Center
referenced below.

AFTER-WARRANTY SERVICE

After your product is ninety (90) days old or warranty has been voided in any
manner, you may return the product to us for repair. Please be sure to ship
prepaid, properly pack the product, and include a certified check or money order
for $150.00 payable to Motorola Inc. Include any failure information you may
have to help expedite repair time. We will return the shipment prepaid via
UPS.* We hope you will never need our repair, but it's nice to know you are
protected anyway — and that help is nearby.

MOTOROLA C&E INC.
Phoenix Service Depot

3332 E. Broadway Suite 102
Phoenix, Arizona 85040-2830
PH: 602-437-4331

FAX: 602-437-1858

* FOR EXPEDITED RETURN SHIPMENTS, PLEASE INCLUDE AN ADDITIONAL $20 IN YOUR
PAYMENT. THIS CHARGE IS TO COVER AIR SHIPMENT. PRICES ARE SUBJECT TO CHANGE
WITHOUT PRIOR NOTICE. PLEASE ENCLOSE A COPY OF THE ATTACHED PROBLEM REPORT
WITH YOUR BOARD.



PROBLEM REPORT

NAME

COMPANY

ADDRESS

CITY, STATE, ZIP CODE

PHONE NUMBER

PLEASE FILL IN THE APPROPRIATE AREAS

WARRANTY (90 DAYS FROM RECEIPT OF PRODUCT)
TT ¥YES (BE SURE TO INCLUDE A COPY OF YOUR SALES RECEIPT)
TT NO (BE SURE TO INCLUDE A CERTIFIED CHECK OR MONEY ORDER FOR $150.00%)

EXPEDITED SHIPPING

| | YES (BE SURE TO INCLUDE AN ADDITIONAL PAYMENT OF $20.00%)

I 1 NO

APPLICATION INFORMATION

FAILURE INFORMATION

* PRICES SUBJECT TO CHANGE WITHOUT NOTICE
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CHAPTER 1

INTRODUCTION TO THE MC68000 EDUCATIONAL COMPUTER BOARD

The purpose of this manual is to provide the user with a comprehensive guide
understanding and utilizing the MC68000 Educational Computer Board.

computer board is intended primarily as a self-supporting means for evaluating
and learning about the MC68000 16-bit microprocessor. Chapter 1 contains

information describing the board and its system configuration.

1.1 WHAT IS THE MC68000 EDUCATIONAL COMPUTER BOARD? .ececcececccccces
1.2 GENERAL HARDWARE DESCRIPTION .ccccccccccccccccecccccccscccccccce
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1.3 SYSTEM CONFIGURATIONS cccecccccccsccsscsccsasccccrsoscscsccccocccancs
1.4 SOFTWARE CAPABILITIES cccccccccccscsccccccccccosccsscsccccscoccccccs
1.5 SPECIFICATIONS .cccccceccscecscccscccscscccscscccccccossscssccccnccscace
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CHAPTER 1

INTRODUCTION TO THE MC68000 EDUCATIONAL COMPUTER BOARD

1.1 WHAT IS THE MC68000 EDUCATIONAL COMPUTER BOARD?

Intended primarily for training and educational use, including college-level
courses and industrial in-plant training, the MC68000 Educational Computer Board
(ECB) serves as an economical yet comprehensive introduction to systems based on
the M68000 family of microcomputer products. Located on a single small printed
circuit (PC) card (Figure 1-1), a complete microprocessor system is provided,
including an MC68000 16-bit microprocessor, memory, parallel input/output (1/0),
and serial communications I/0. The user must only connect an RS-232C-compatible
"dumb” terminal and power supplies to have a functional system.

For ease—of-use, the ECB has a resident firmware package that provides a
self-contained programming and operating environment. The firmware, aptly named
"TUTOR", provides the user with monitor/debug, assembly/disassembly, program
entry, and I/0 control functions. Utilizing the capabilities provided by the
system, the user can investigate and learn the computing power and architectural
features of the MC68000. This system also provides a working example of the
microprocessor external bus structure and interface to memory and peripheral
devices.
The Educational Computer Board's features include:

a. 4-megahertz MC68000 16-bit MPU.

b. 32K bytes of dynamic RAM (DRAM) arranged as 16K x 16.

c. 16K-byte firmware ROM/EPROM monitor addressed as 8K x 16.

d. Two serial communication ports provided for a terminal and a host. Both
are RS-232C-compatible and have selectable baud rates.

e. Programs can be downloaded from or uploaded to a host system.

f. A parallel port (16 data lines with handshake) can be used for I1/0 or for
a Centronics-compatible printer interface.

g. Audio tape serial I1/0 port.

h. Self-contained operating firmware that provides monitor, debug, and
disassembly/assembly functions.

i. 24-bit programmable timer.
j. Wire-wrap area provided for custom circuitry.

k. RESET and ABORT function switches.



1.2 GENERAL HARDWARE DESCRIPTION

The MC68000 Educational Computer Board provides the RAM, ROM, timer, and I/0
necessary for learning and evaluating the attributes of the MC68000. This
microprocessor has a 16-bit data bus and a 23-bit address bus (Al-A23). The
address bus is, in effect, 24 bits and provides a memory addressing range of 16
megabytes. The processor also has eight 32-bit data registers, seven 32-bit
address registers, two 32-bit stack pointers, a 32-bit program counter, and a
16-bit status register. The MC68000 Data Sheet and User's Manual (MC68000UM),
which are included in the ECB's documentation, describe the device in detail.

A 4-MHz MC68000 MPU is used on the educational board (a functional block diagram
is shown in Figure 1-2). All the memory and I/0 devices communicate with the
MPU via a common parallel bus. The various functional areas of the board are
described briefly in the following paragraphs.

1l.2.1 System Memory

The system memory consists of 32K bytes of dynamic RAM and 16K bytes of ROM or
EPROM (two 8-bit bytes = 1 word). The RAM is used both for scratchpad space for
the TUTOR firmware and for user programs. Approximately 2K bytes are reserved
for the monitor scratchpad; the remaining RAM (approximately 30K bytes) is
available to the user. The system firmware occupies the 16K-byte read-only
memory.

1.2.2 Serial Communications Ports

Two asynchronous serial communication ports, designated Port 1 for the Terminal
and Port 2 for the Host, are provided on the board. Both of these ports are
RS-232C-compatible (an E.I.A. standard). The terminal that provides user
interface is connected to the educational computer via Port 1, and Port 2 can be
connected to a modem or directly to a host computer. The host computer can be
used to provide more powerful software capabilities such as program assembly,
file management, and editing, and for downloading or uploading programs. Also,
an operational condition called transparent mode can be used on the MEX6SKECB.
This transparent mode effectively bypasses the board and allows the terminal to
comnunicate directly with the host. The terminal and host baud rates must be
the same for this mode.

Both serial ports can be jumpered for various data transmission rates (110-9600
baud). Also, if required, either port can be modified to transmit and receive
at different baud rates.

1.2.3 Programmable Timer

Contained within the MC68230 PI/T device is a 24-bit general purpose timer. The
timer is a synchronous counter that can be used for generating or measuring both
time delays and various frequencies. The timer can be clocked by a 5-bit
prescaler or directly, and the clock source can be the 4-MHz system clock or an
external clock.

1-4
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An assembly listing of the TUTOR firmware, excluding the interactive assembler
and disassembler modules, can be purchased from Motorola under the part number
M68KTUTOR. Machine-readable source for all the modules can be purchased under
part numbers:

M6S8KTUTORS - VERSAdos 8" floppy diskette
M6BKTUTORT - VERSAdos hard disk cartridge

For program development, an interactive assembler/editor function is used in
which the source program is not saved. Each instruction is translated into the
proper object code and is stored in memory on a line-by-line basis at the time
of entry. The assembler source statement is composed of operation and operand
fields; line numbers, labels, and comments are not allowed.

In order to display an instruction, the firmware disassembles the object code
and displays the instruction mnemonic and operands. Editing is done by
re-entering a source statement.

If higher-level assembly capabilities are required, a macro assembler or cross
assembler can be run on a host computer. Data can be uploaded and downloaded to
the host via serial Port 2.

1.5 SPECIFICATIONS

Table 1-1 lists basic specifications for the MC68000 Educational Computer Board
(MEX68KECB) .

1-8



TABLE 1-1. Specifications

Microprocessor

MC68000 (4 MHz)

Input/Output

parallel 1/0

Cassette Interface

Serial I1/0 Ports

MC68230 (16 data lines, 4 control lines) normally
configured as Centronics-type printer interface.
24-bit programmable timer included in MC68230.
1300 baud serial audio tape.

Two — one terminal and one host (modem).

Interface RS-232C interface.
Baud rate Strap selectable: 110, 150, 300, 600, 1200, 2400
4800, 9600.
System clock 8-MHz crystal providing 4-MHz processor operation.
Memory 32K bytes RAM
16K bytes ROM

Power requirements
(Typical)

+5.0 V/750 ma, +12 V/50 ma, -12 V/50 ma

Operating temperature

0 to 50° C

Board Dimensions (Approx.)

LxWxH

7.5 in. X 10.5 in. x 1.5 in.
(19 cm x 27 cm X 4 cm)
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CHAPTER 2

INSTALLATION AND POWER-UP INSTRUCTIONS

This chapter provides unpacking, preparation-for-use, installation, and power-up
instructions for the MEX68KECB. The board has been designed to require a
minimum of hardware modifications; however, the proper serial port baud rates
must be selected and the proper cables used to ensure trouble-free start-up.
Please read and follow the instructions in this chapter to provide quick
start-up and to avoid possible damage to the board.

Page
2.1 UNPACKING INSTRUCTIONS ceccccccvccococccccccccscccacconcccccces 2-3
2.2 PREPARING THE BOARD FOR USE ceccccccccccccecccccccscssascscssss 2=5
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CHAPTER 2

INSTALLATION AND POWER-UP INSTRUCTIONS

2.1 UNPACKING INSTRUCTIONS
NOTE
If shipping carton is damaged on receipt,

request carrier's agent be present during
unpacking and inspection of the module.

Unpack the computer board from its shipping carton. Save the packing material
for storing or reshipping the board. Refer to the packing list and verify that
all items are present. As shipped, the MEX68KECB includes:

a. MEX68KECB Educational Computer Board

b. Four 6-32x1/4" screws

Cc. Four threaded 6-32x3/4" nylon standoffs

d. Four banana jacks (including hex nuts and solder lugs)

e. Seven plastic cap jumpers
After verifying that items (including any optional parts) are present, inspect

the board for damage. Ensure that there are no broken, damaged, or missing
parts, and that there is no physical damage to the printed circuit board.

CAUTION

WHEN HANDLING THE BOARD, AVOID TOUCHING AREAS
OF MOS CIRCUITRY; STATIC DISCHARGE CAN DAMAGE
INTBEGRATED CIRCUITS.
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2.2 PREPARING THE BOARD FOR USE

The MEX68KECB is intended primarily for training and educational use, including
college-level courses and industrial in-plant training. 1In its most simple
configuration, the board requires only an RS-232C compatible terminal (plus
cable) and power supplies to function. The preparation instructions are
intended to set up the board for this configuration. Use of optional features
(audio cassette, host, or printer) requires additional preparation, which is
covered in other sections of this chapter.

Figure 2-1 shows a layout of the MEX68KECB. Board preparation concerns the
following items:

a. Because the board is intended for laboratory use, standoff legs can be
used to allow the board to set on a bench.

b. Power connections must be made. Banana jacks can be used or wires can be
soldered to the board.

c. Check that the system clock jumper (J6) is in place.

d. The terminal baud rate must be selected.

2.2.1 Attaching Standoff Legs
Four holes located at the corners of the board are used to mount the nylon

standoffs. These are screwed to the back side (opposite of component side) of
the card, as shown in Figure 2-2.

NOTE

The user may choose to mount the module on or in an enclosure
via these holes. Dimensions are shown in Figure 2-1. The
nylon standoffs can be used as spacers to provide clearance
of 3/4 inch needed by the banana jacks.

2.2.2 Providing Power to the Board
2.2.2.1 Banana Jacks. Four banana jacks compatible with standard banana plugs

are provided for power connectors (+12 vdc, +5 Vdc, Ground, =12 Vdc). These are
mounted in four 1/4-inch holes at a corner of the board, as shown in Figure 2-2.
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2.2.2.2 Alternate Method - Discrete Wires. If banana plugs are not desired,
discrete wires can be used to supply power to the board. Wires can be soldered
to the lugs supplied with the banana jacks (Figure 2-2) or four small holes are
provided to solder discrete wires to the board. These holes (designated J12,
J13, Jl4, J15) are shown in Figure 2-3, and interconnect supply voltages as
follows:

HOLE DESIGNATION VOLTAGE
Jl2 Ground
Ji3 +5 Vdc
Jl4 +12 Vdc
J15 =12 vdc
NOTE

Use of the banana jack solder lugs is recommended because
of greater mechanical strength and to prevent possible
damage to the board.

—= J {7}
-D HOLES TO

© J12 © J13 © J14 © J15 «————  CONNECT
[ [ GND +5V +12V -12V DISCRETE WIRES
O)O)(O)Q) -
C /
’ 1]
1/4” BANANA
JACK MOUNTING
HOLES

FIGURE 2-3. Detail Showing Location of Holes J12, J13, Jl4, J15
to Connect Discrete Power Wires

2.2.3 Checking System Clock Jumper

Referring to Figure 2-1, a 2-pin header designated J6 should have a plastic
jumper cap in place on it (as shipped). If not, one of the jumpers supplied
with the board should be put in place. This jumper connects the system clock
source.
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2.2.4 Selecting Terminal Baud Rate

2.2.4.1 Normal Operation - Transmitting and Receiving at the Same Baud Rate.
Normally, the terminal transmits and receives at the same baud rate. Although
the terminal Port 1 can be configured to transmit and receive at different
rates, the board as supplied uses a single common baud rate for the port. The
host interface Port 2 has similar attributes. The interconnection circuit is
shown in Figure 2-4.

ACIA 1
CUT FOR SEPARATE
] RXC & TXC BAUD
RATES
TERMINAL o3 LI
! MC6850
RXC
L
BAUD RATE J9 J10
GENERATOR
9600 | i !
4800 Q1001 02
4
2400 ¢3 O——03 Q4
6
1200 Qs 0——05 O
I v14 8
§ MC14411 600 (b 702—07 08
1
300 Q9 0"—039 010
12
150 éﬁ\)—-o 1 Q112
14
110 ?13\0—013 14
1
¢1Q\O—G—O1S 16
1 J 1 J
ACIA 2

u12 TXC r |

HOST

MC6850 O-
RXC
|
CUT FOR SEPARATE
RXC & TXC BAUD
RATES

FIGURE 2-4. Interconnection Diagram for Baud Rate Selection
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Referring again to Figure 2-1, two headers marked J9 and J10 are shown.
header consists of a double row of eight pins (16 total), and is used to select
Header J10 is used to select the terminal baud

the baud rate for a serial port.
rate (ACIA 1, serial Port 1).

The pins are jumpered together using a plastic jumper cap (one of seven provided
The cap should be positioned on header J10, as shown in
Table 2-1 lists which pins must be

with the board).

Figure 2-5, to select the desired baud rate.

Jjumpered for a given baud rate.

TABLE 2-1.

Headers J9 and J10 Jumpers to Select Serial Port Baud Rates

JUMPER PINS

SELECTED BAUD RATE

1-2
3-4
5-6
7-8
9-10

11-12

13-14

15-16

9600
4800
2400
1200
600
300
150
110

PLASTIC CAP JUMPER
IS POSITIONED TO
SHORT PINS FOR

DESIRED BAUD RATE
(9600 SHOWN)

15

FIGURE 2-5.

J1o BAUD RATE
T
O O |4 4800
O O |s 2400
O O |s 1200
O o |10 600
O O |1 300
lo) O | 14 150
le) O | 16 110

2-9
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Figure 6-4 is a functional schematic diagram of the serial communication ports.
The RS-232C signal lines required at each port are shown.

Port 1 must receive an active level on DTR (data terminal ready), or data will
not be transmitted. The terminal connected to Port 1 must drive DIR. CTS
(clear to send), DSR (data set ready), and DCD (data carrier detect) are each
asserted when DTR is asserted. Refer to Appendix C for further information.

2.2.4.2 Special Operation — Transmitting and Receiving at Different Baud Rates.
The MEX68KECB is wired with the transmit clock (TXC) and Receive clock (RXC) of
each ACIA (refer to Figure 2-4) tied together and then jumpered to the selected
baud rate. To provide different baud rates, the connection between TXC and RXC
must be cut and individual baud rates connected to each. Perform the following
steps to select separate transmit and receive baud rates for the terminal:

a. Cut the signal trace located between Pin 1 and Pin 2 of header J8 on the
back side of the printed circuit board. BE CAREFUL — be sure to cut the
correct trace; it is approximately 1/8 inch long.

b. The transmit baud rate (TXC) is selected by using the plastic jumper cap
on header J10 in accordance with Table 2-1.

c. The receiver baud rate (RXC) is selected by wire-wrapping Pin 1 of header
J8 to the desired odd numbered pin of header J10. Again, use Table 2-1
to determine the correct pin.

NOTE
The MEX68KECB as now configured is ready to be connected to
a terminal and power supplies. If the user wants to utilize
options of the printer, tape recorder, and/or host computer
(serial Port 2), additional preparation is required. See
the appropriate section in this chapter on each option.

2-10



2.3 SYSTEM HOOKUP INSTRUCTIONS

As previously stated, the most simple configuration requires only the MEX68KECB,

a terminal, and power supplies (Figure 2-6.) This section describes the
required interconnections to hook up this configuration.

7.'5“‘:)7,‘::;,"- TERMINAL CABLE -
USE MOTOROLA
* RS232C COMP. PART #M68RS232M
OR #M68RS232F
OR CUSTOM
MEX68KECB

POWER CABLES - BANANA
PLUGS OR DISCRETE WIRES

¢
¢

POWER SUPPLY

FIGURE 2-6. Minimum System Configuration
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20 OR 25 CONDUCTOR

FLAT RIBBON

CABLE

KEY
(OPTIONAL)

25 “D” SUBMINIATURE MALE
(PIN) CONNECTOR

PART #'S:

1. CIRCUIT ASSEMBLY CORP
#CA-25-SMD-P

2. ITT CANNON #DBSP-B25P

3. ANSLEY #609-25P

4. WINCHESTER #48-1125P

25 “D” SUBMINIATURE FEMALE

(SOCKET)
PART #'S:

CONNECTOR

1. CIRCUIT ASSEMBLEY CORP
#CA-25-SMD-S

2. ITT CANNON #DBSP-B25S
3. ANSLEY #609-25S

4. WINCHESTER #49-1125S

20 CARD EDGE CONNECTOR

PART #'S:

1. AMP #88373-6

2. ANSLEY #609-2015 M
3. BERG #65764-002

4. 3M #3461-0001

25 PIN “D” SUBMINIATURE CONNECTOR

=]
2
(4]
= P 3
3 8 » « Z « o
x > - @» O £ ©
- (-4 Q [~] [} o o
&1 2 3 4 5 6 7 8 9 10 1 12 13
\_ 14 15 16 17 18 19 20 21 22 23 24 25
REDE'
NOT CONNECTED
1 3 5 7 9 1 13 15 17 19
27 4 e 8 0. 127 uS 8 18S 07
20 PIN CARD EDGE CONNECTOR
FIGURE 2-7. Terminal Cable Detail and Signal Line Connections
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2.3.1 Connecting the Terminal

The terminal is connected to the MEX68KECB with a cable (normally flat ribbon)
requiring a 20-contact card edge connector on the MEX68KECB end and a 25-contact
"D" subminiature connector on the terminal end. The "D" subminiature connector
can be either pin (male) or socket (female), as required by the user terminal.
Both of these cable types are available from Motorola:

PART NUMBER DESCRIPTION
M68RS232M RS232 CABLE - Card edge connector/Male DB25 connector
M68RS232F RS232 CABLE - Card edge connector/Female DB25 connector

As an alternative, the user can manufacture his own cable. Figure 2-7 shows a
detail of the cable, lists several suitable vendor part numbers (any equivalent
part can be used), and shows the conductor line designations. The cable
requires a 25-conductor flat ribbon; connectors should be installed according to
manufacturer's directions. Also, the card edge connector can be keyed to
prevent incorrect cable connection.

The suitable cable is connected to Port 1 (connector J3), as shown in
Figure 2-8, with the other end going to the terminal.

TO TERMINAL
RED STRIPE

(PIN #1)

CABLE
PIN 1

Ay B g\ Sy U

J1 J2 J3 J4

MEX68KECB

FIGURE 2-8. Terminal Cable Connection to MEX68KECB
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2.3.2 Connecting the Power Supplies

Three supply voltages are required for the board — that is, +5.0 Vdc + 5%,
+12.0 Vdc + 10%, and -12.0 Vdc + 10%. If the banana jacks are used, cables with
standard banana plugs are required to connect the power supplies. With discrete
wires, the wires are connected directly to the suitable voltages.

All supply voltages must be referenced to ground, and these connections should
be made before turning on power. The voltage turn—on must be done in proper

sequence to prevent damage to the RAM devices, Follow system turn—on
instructions in the following section.

2.4 SYSTEM TURN-ON AND INITIAL OPERATION

CAUTION
POWER SUPPLY VOLTAGES MUST BE TURNED ON IN PROPER

SEQUENCE TO AVOID DAMAGE TO THE DYNAMIC RAM DEVICES.
FOLLOW THE TURN-ON INSTRUCTIONS TO PREVENT PROBLEMS.

After the cables are in place, the final step to system turn-on is applying
power. The dynamic RAM devices (MCM4116's) require that the negative voltage
-12 vdc be applied first. This is especially important when individual power
supplies (such as laboratory supplies) are used. The power—up sequence should
be:

a. Ground must be connected common to all power supplies.

b. Turn on -12.0 Vdc.

c. Turn on +12.0 Vdc.

d. Turn on +5.0 Vdc.
If a single multivoltage power supply is used, it is not possible to turn
voltages on independently. However, with most power supplies the -12 Vdc and
+12 Vdc come up before the +5 Vdc because these are lightly loaded and do not
have to charge heavy internal filter capacitance. The user should test the
multivoltage supply, simulating typical loading from Table 1-1, to determine if
the -12 Vdc comes up first. When powering up with a single multivoltage supply:

a. Be sure all voltages are connected prior to power up.

b. Turn power ON to the board.

CAUTION
THE POWER DOWN SEQUENCE IS THE REVERSE OF THE ABOVE
POWER UP SEQUENCE AND IS EQUALLY IMPORTANT.

After power on, the system should initialize itself and print on the terminal:

TUTOR 1.X >
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TERMINAL
.O‘DUMBYY

*RS232C COMP. | ¢—————— SEE NOTE #1

TO HOST
OR MODEM

SEE NOTE #2

AUDIO
CASSETTE §
RECORDER Q

MEX68KECB

SEE NOTE #3 I—————

BANANA JACK
CABLES

PRINTER

g
99

POWER SUPPLY

NOTES: 1. USE MOTOROLA CABLE M68RS232M OR M68RS232F OR MAKE CUSTOM.
2. MAKE CUSTOM CABLE.
3. USE MOTOROLA CABLE MEX68PIC OR MAKE CUSTOM.

FIGURE 2-9. Expanded System Configuration with Options
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It is now ready for operation under control of the firmware as described in
Chapters 3 and 4. If this response does not appear on the terminal, perform the
following system checks:

a. Press the black reset button to guarantee that the board has been
initialized properly.

b. Check that the terminal and board are set for the same baud rates.

c. If the baud rates are set properly and the terminal is still not reacting
properly, the terminal may require special null characters and formatting
from the educational computer. The Port Format (PF) command can be used
to set the required ACIA format (see Paragraph 3.5.21 and Appendix B).

2.5 PREPARATION FOR USE OF SYSTEM OPTIONS

The MC68000 Educational Computer Board can use options of a Centronics-
compatible printer, audio cassette storage, and a link to a host computer.
Figure 2-9 shows the expanded system configuration with these options. The
following paragraphs describe preparation for use of each option.

2.5.1 Printer Option

The board is properly buffered to directly drive a Centronics-compatible
printer. The Port 3 edge connector J1 must be connected via cable to the
user-supplied printer. This cable is available from Motorola, Part Number
MEX68PIC.

The user may desire to“manufacture this cable, although it is a more complex
assembly than just flat ribbon cable and connectors. Resistors are used on the
cable to help protect unbuffered inputs from damage due to static discharge.
Figure 2-10 shows the interconnection diagram of the cable and lists suitable
connector part numbers. Note that the cable can be keyed on the card edge
connector to prevent incorrect cable connection.
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The cable is connected to Port 3 (connector J1), as shown in Figure 2-11, with
the other end going to the printer.

TO PRINTER
RED STRIPE

(PIN #1)

PIN 1 /
J N J2 J3 Ja N\

MEX68KECB

CABLE

FIGURE 2-11. Printer Cable Connection to MEX68KECB

2.5.2 Host Computer (Modem) Option

A second serial RS-232 port, Port 2 connector J4, is provided to interconnect
into a host computer directly or by modem. Preparation similar to serial Port 1
is required — that is, program the baud rate and prepare a cable.

Again referring to Figure 6-4, the modem or host connected to Port 2 must assert
CTS (clear to serd) before information can be transmitted via Port 2. RTS is
asserted by the ECB when power is applied to the board. DTR is asserted as part
of the ECB power-up/reset firmware.

2.5.2.1 Selecting Host Baud Rate. As with the terminal baud rate, the host
serial port is wired to transmit and receive at the same baud rate. The desired
baud rate is selected via a plastic cap jumper positioned on header J9, as shown
in Figure 2-12. Also reference Figure 2-4 for the interconnection diagram and
Table 2-1 for the selected baud rate.

2-18



PLASTIC CAP JUMPER
IS POSITIONED TO

SHORT PINS FOR J9 BAUD RATE
DESIRED BAUD RATE
(9600 SHOWN)
3| O o |as 4800
5| O O | s 2400
71 0 O |8 1200
sl o O] 600
"Ml o O |12 300
13| 0O o | 14 150
15| O O | 16 110

FIGURE 2-12. Host Baud Rate Select Jumper (J9)

Again similar to the terminal port, to provide different baud rates, the
connection between TXC and RXC for ACIA2 must be cut (reference Figure 2-4) and
individual baud rates connected to each. Perform the following steps to select
separate transmit and receive baud rates for the host port:

a. Cut the signal trace located between Pin 1 and Pin 2 of header J7 on the
back side of the printed circuit board. BE CAREFUL — be sure to cut the
correct trace; it is approximately 1/8 inch long.

b. The transmit baud rate (TXC) is selected by using the plastic jumper cap
on header J9 in accordance with Table 2-1.

c. The receiver baud rate (RXC) is selected by wire-wrapping Pin 2 of header
J7 to the desired even numbered pin of header J9. Again, use Table 2-1
to determine the correct pin.
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2.5.2.2 Cable Connection. The same cables referenced in paragraph 2.3.1 can be
used with the host serial port. As before, the cable can be either purchased or
manufactured with the components referenced in Figure 2-7. The card edge
connector can also be keyed. Figure 2-13 shows the host computer serial port
cable signal line connection.

25 PIN “D” SUBMINIATURE CONNECTOR

o
4
o
s g 2
=] o [7] [ 5 o
x x - [ g -
- -3 -4 [$] » O
&1 2 3 4 5 6 7 8 9 10 11 12 13
\14 15 16 17 18 19 20 21 22 23 24 25
REI.)Z>
NOT CONNECTED
1 3 5 7 9 11 13 15 17 19

2”7 47 6~ 8. 107 127 17 167 187 207

20 PIN CARD EDGE CONNECTOR

FIGURE 2-13. Host Cable Signal Line Connections

The suitable cable is connected to Port 2 (connector J4), as shown in
Figure 2-14, with the other end going to the host computer or modem.
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TO HOST
RED STRIPE
(PIN #1)

CABLE

PIN 1 /

U J2U_L-Ilr J

3 3 Ja

MEX68KECB

FIGURE 2-14. Host Computer Cable Connection to MEX68KECB

2.5.3 Audio Cassette Option

An audio cassette player can be used for data storage with MEX68KECB. Two
signal lines plus ground must be connected to the cassette player from Port 4,
connector J2. The user must make a custom cable suitable for the tape player
used. Figure 2-15 shows a typical configuration. The educational board
requires a 20-pin card edge connector, and a cassette recorder typically uses
miniature phone plugs. The "DATA OUT" signal line from the board is connected
to the AUXILIARY input to the cassette recorder (or the microphone input if no
auxiliary input is available; see Chapter 6 for more details). The "DATA IN"
signal line from the board is connected to the EARPHONE output of the recorder.
The optional key is located between positions 13 and 15.
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w
2
g z
a % CASSETTE
< ] RECORDER
w <
1 - = |
b e -
A A
TYPICALLY MINIATURE
g (9 =—— """ FHone sacks
5
z o
2l o] & o
> =
< 2
3| 8| 3| &
NOT USED
A\
/
RED 2»
1 3 5 7 9 1 13 15 17 19
27 a2 &7 87 107 127 u” 187 187 207
20 PIN CARD EDGE CONNECTOR
NOTE: All even pins are ground.
FIGURE 2-15A. Cassette Recorder Cable Signal Line Connection
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CONNECTORS
REQUIRED
BY CASSETTE
RECORDER
(TYPICALLY
MINIATURE
PHONE PLUGS)

CUT CABLE BACK

KEY /

(OPTIONAL)

20 CARD EDGE CONNECTOR
PART #S:

1. AMP #88373-6

2. ANSLEY #609-2015 M
3. BERG #65764-002

4. 3M #3461-0001

FIGURE 2-15B. Cassette Recorder Cable Detail
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CHAPTER 3
USING THE MONITOR/DEBUG FIRMWARE

The MC68000 Educational Computer Board has a resident firmware package that
provides a self-contained programming and operating environment. The firmware,
aptly named "TUTOR", provides the user with monitor/debug, assembly/disassembly,
program entry, and I/0 control functions. Chapter 3 is a how-to-use description
of the TUTOR package, including user interface and the command structure.
Chapter 4 provides a detailed discussion of the assembler/disassembler functions

called by the TUTOR firmware.

WHAT IS TUTOR? cecececccccccscssscscosccssscsosssssccacccccccns
OPERATIONAL PROCEDURE tccceccscccccccccssococacscssscoscsscscscce
1 System TUIN=ON cccceccccccccccccscsrsscsccccccscocccscccccccas
2 System Initialization .cceececececcccccsrcssnccccccvecccccccns
2.1 RESET BULLON cccecccccsecccccsscsccccscsessscccsscosccccccne
2.2 ABORT BULLON ceccecccccssccccccsscssccscsscscsssacssscccscce
2.3

3

[

USEr PrOGILaM ceececoscecoscescscsosccsarsssscsaccaccssscsans
System Operation .cceeececccecccccccecscecsssscssscosccssscscs
TERMINAL CONTROL CHARACTERS .ecccccccccccccccccccoccccsccccccce
COMMAND LINE FORMAT ccccececcccccccccccsccassccscccccsccsssacosse
EXpression as @ Parameter ..ceccececceccccccecccscosccsocccscscae
AJdress as a Parameter ..ccceccecscccccccccsccccccccsssscccsse
.1 AGAress FOIMALS ceececcccccssccssccsccossscccsccccavsesssccne
.2 Offset REgISLErS ceececccccscocccsccccccsccscacsasscssccncse
Command EChO BaACK eceecesscsccccccceccccccssccssccssosccasscccas
TUTOR COMMAND SET ececcccccccccscccccsscccccscscsccscnscssccccce
BF - Block Memory Fill ..ccecececccccccccccccccccccsccacacaces
BM — BlOCK MOVE ceccoccccccocccscccsccccccccscccsccsccncscssnsse
BR ~ BreakpOiNt cecceccescccccccscccccccccsccccccsaccccoccnce
BS ~ Block Of MEMOrYy SEarCh cccececececccccccccsccacecssccnae
BT — Block of MemOry TeSt ccececccccccccsccscsccsscccccscnnas
DC — Data CONVEISION .cecceccccccscscsccsscsscssccccasccccsccne
DF - Display Formatted RegiSterS ..eeeecececcccccccccscccscces
DU - Dump Memory (in S-Record FOImAt) eccececcccccccccscescss

[ * 0

mmmmmmg&bbh&h&b»»pbwwwwwwNMH
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.5.8
5.9 GD - Go Direct Execute PrograM ...eceecececcecsccccccscsccccscce
.5.10 GO - ExeCute PrOgraM .ccececcecccccccescsccssscscscscccssccsascons
.5.11 GT — GO Until Breakpoint .ceceececcccccccccccccscoccsssscacsaas
.5.12 HE — HElP cccecsccsocccccccsoscsccsccccsacsscsccascncsscascsncs
.5.13 LO -~ Load (in S—Record FOrMAL) e.cccecececcecsccccccccccscocccne
.5.14 MD ~ MemOry DiSPlay ceeececccccccccccccscsacsasccasssscscacnse
.5.15 MM ~ MemOrYy MOAIfY cececcccccccccccocccnccccocaccacscsccsccne
.5.16 MS — MEMOIY SEL ecccececccccccocccccccstscaccasescsscsscscocce
.5.17 NOBR — Remove Breakpoint ..ceececcecscescccccoscccccccsccsscse
.5.18 NOPA — Reset Printer AttaCh .ececceccececccccccccsccccsccscsacas
.5.19 OF — OffSEL cececececcscccsocsccscccnccccccocccsccsssosssocas
.5.20 PA — Printer AttaCh cccececscccceccccccccccccccscccccccccsscnns
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.6 COMMAND SUMMARY AND MESSAGES cccccccecccccccssccccoccscscscsccnce
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FIGURE 3-1. Flow Diagram of TUTOR Operational Mode
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CHAPTER 3
USING THE MONITOR/DEBUG FIRMWARE

3.1 WHAT IS TUTOR?

TUTOR is the resident firmware package for the MC68000 Educational Computer
Board. The 16K-byte firmware (stored in two 8Kx8 ROM or EPROM devices) provides
a self-contained programming and operating environment. TUTOR interacts with
the user through pre-defined commands that are entered via the terminal. The
commands fall into four general categories:

a. Commands which allow the user to display or modify memory.

b. Commands which allow the user to display or modify the various internal
registers of the MC68000.

c. Commands which allow the user to execute a program under various levels
of control.

d. Commands which control access to the various input/output resources on
the board.

An additional function called the TRAP 14 handler allows the user program to
utilize various routines within TUTOR. The TRAP 14 handler is discussed in
Chapter 5.

The operational mode of TUTOR is demonstrated in Figure 3-1. After system
initialization, the computer waits for a command line input from the user
terminal. When a proper command is entered, the operation continues in one of
two basic modes. If the command causes execution of a user program, the TUTOR
firmware may or may not be re-entered, depending on the discretion of the user.
For the alternate case, the command will be executed under control of the TUTOR
firmware, and after command completion, the system returns to a waiting
condition. During command execution, additional user input may be required,
depending on the command function.

The command format and syntax are similar to other Motorola products based on

the MC68000. This is done so that a large relearning effort is not required
when the user utilizes these other products.
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3.2 OPERATIONAL PROCEDURE
CAUTION
POWER SUPPLIES MUST BE TURNED ON AND OFF IN PROPER

SEQUENCE TO AVOID DAMAGE TO THE DYNAMIC RAM DEVICES.
FOLLOW THE TURN-ON INSTRUCTIONS TO PREVENT PROBLEMS.

System turn-on and initial operation are described in detail in paragraph 2.4.
This information is repeated here for convenience and to prevent possible
damage.

3.2.1 System Turn-On

To power-up with individual power supplies:

a. All cables should be connected, making sure ground is connected common to
all power supplies.

b. Turn on -12.0 Vdc.
c. Turn on +12.0 Vdc.
d. Turn on +5.0 vdc.
Alternatively, if a single multivoltage supply is used, then:
e. Be sure all voltages are connected prior to power-up.

f. Turn power ON to the board.

3.2.2 System Initialization

The act of powering up the board will initialize the system. The processor is
reset and TUTOR is invoked. After initialization, the terminal will print:

TUTOR 1.X >
where "X" is the revision number of the software.

NOTE

If this response does not appear, system checks may need
to be performed as described in paragraph 2.4. The most
common problem is that the terminal and board are not set
up for matching baud rates. Also, slower terminals such
as T.I. 700 series devices can have special requirements,
which are discussed in Appendix B.

Other means can be used to re-initialize the Educational Computer Board
firmware. These means are discussed in the following paragraphs.
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3.2.2.1 RESET Button. RESET is the black button located on the lower edge of
the board. Depressing this button causes all processes to terminate, resets the
MC68000 processor and MC68230 PI/T, and restarts the TUTOR firmware. Pressing
the RESET button should be the appropriate action if all else fails.

3.2.2.2 ABORT Button. ABORT is the red button located next to the RESET button
at the lower edge of the board. The abort function causes an interrupt of the
present processing (a level 7 interrupt on the MC68000) and gives control to the
TUTOR firmware. This action differs from reset in that no processor register or
memory contents are changed, the processor and peripherals are not reset, and
TUTOR is not restarted. Also, in response to depressing the ABORT button, the
contents of the MC68000 internal registers are displayed.

The abort function is most appropriate when software is being debugged. The

user can interrupt the processor without destroying the present state of the
system,

3.2.2.3 User Program. The user can return control of the system to the
firmware by recalling TUTOR via his program. Instructions can be inserted into
the user program to call TUTOR via THE TRAP 14 handler. See Chapter 5.

3.2.3 System Operation

After system initialization or return of control to TUTOR, the terminal will
print:

TUTOR 1.X >
and wait for a response.
The user can call any of the commands supported by the firmware. A standard
input routine controls the system while the user types a line of input. Command
processing begins only after the line has been entered, followed by a carriage
return.

NOTES

1. The user memory is located at addresses $000900-$007FFF.
When first learning the system, the user should restrict
his activities to this area of the memory map.

2. If a command causes the system to access an unused
address (i.e., no memory or peripheral devices are located
at that address), a bus trap error will occur. This results
in the terminal printing out a trap error message and the
contents of all MC68000 registers. Control is returned to
the TUTOR monitor. A bus trap error also occurs if the
sSystem attempts to write to ROM.
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3.3 TERMINAL CONTROL CHARACTERS

Several keys are used as command line edit and control functions. It is best; to
be familiar with these functions before exercising the system. The functions
include:

a. Delete (rubout) key or CTRL H — will delete the last character entered on
the terminal.

b. CIRL X - will cancel the entire line.
c. CIRL D - will redisplay the entire line.

d. RETURN (carriage return) - will enter the command line and cause
processing to begin.

e. CTRL W - will suspend system output to the terminal. To resume output to
the terminal, any other character can be entered.

f. BREAK - will abort commands that do any console I/0 and return to the
input routine.

For characters requiring the control key (CTRL), the CTRL should be pushed and
held down and then the other key (H, X, D, or W) should be pushed.

These control characters are summarized with the command set in Table 3-2.

3.4 COMMAND LINE FORMAT
The command line format is:

TUTOR 1.X > [NO]<command> [<parameters>] [;<options>]
where:

TUTOR 1.X > 1Is the prompt from the educational computer generated by TUTOR.

NO Is the negative form (opposite) of primitive command.
command Is the primitive command.
parameters Are separated by spaces and can be of the form <expression> or
<address>.
options Multiple options may be selected.

NOTES

1. The command line format is defined using special characters
which have the following syntactical meanings:

[ 1 Enclose optional fields.
< > Enclose a syntactical variable.
These characters are not entered by the user, but are for
definition only.
2. Fields are separated by one or more spaces used as a delimiter.
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The basic command form consists of the primitive command field and the
parameters field, although some primitives do not require parameters. The
additional command negation and options fields can modify the primitive command.

If an option exists for a command, a semicolon (;) plus <options> field(s) are
added to the command. Thus, several extensions can be provided to the user.

3.4.1 Expression as a Parameter

An <expression> can be one or more numeric values separated by the arithmetic
operators plus (+) or minus (-). Numbers are assumed hexadecimal except for
those preceded by an ampersand (&), which are decimal. In the assembler,
numbers are assumed decimal unless preceded by a dollar sign ($).

3.4.2 Address as a Parameter

Many commands use <address> as a parameter. The syntax accepted by TUTOR is the
same as that accepted by the assembler, plus a memory indirect mode. Also,
contained within TUTOR are eight offset registers designated RO-R7. These
registers are software registers only, and are provided for relocatability of
code.

3.4.2.1 2Address Formats.

FORMAT EXAMPLE DESCRIPTION

expression 140 Absolute address (NOTE: offset zero is added)

expressiontoffset 130+R5 Absolute address plus offset five (not an
assembler—accepted syntax)

expressiontoffset 150+R7 Absolute address (NOTE: offset seven is always
zero; not an assembler-—accepted syntax)

(2AQ) (a5) Address register indirect

(AQ,D@) (a6 ,D4) Address register indirect with index

(2R, AR)

expression (A@) 120(A3) Register indirect with displacement

expression(a@,DR) 110(a2,D1) Address register indirect with index plus

expression(A@,A@) displacement

[expression] [100] Memory indirect (not an assembler-accepted
syntax)
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3.4.2.2. Offset Registers. Eight software registers (not actually hardware
configured) are used to modify addresses contained in TUTOR commands. The first
seven registers (.RO-.R6) are used as general-purpose offsets, while .R7 (the
eighth register) is always zero. The contents of the registers can be displayed
by the Offset command (OF), paragraph 3.5.19, and modified by the .RX command,
paragraph 3.5.22.

The offset registers are always reset to zero at power-up or by activating the
reset button. Thus, if their contents are not changed, the registers will have
no effect on the entered address.

Unless another offset is entered, each command that expects an address parameter
automatically adds offset RO to the entered address — that is, if RO = 1000,
then the following commands are the same:

BR 10
BR  10+RO

The physical address for each of these commands is 1010.

Offset RO is automatically added to the offset registers any time they are
modified. The only exception to this is when another offset register is
specifically added. Offset registers are set to zero by adding R7 (always zero)
to zero.

Example:
.R1 8 Rl1 =8 Offset RO is zero, Rl is set to 8
RO 100 RO = 100
.RO 200 RO = 200+100=300 Offset RO added
.R3 100+R1 R3 = 100+8=108 Offset RO not added
.RO  O+R7 RO =0 RO set to zero

3.4.3 Command Echo Back

Most commands that require parameters display back to the user the information
entered, but in a physical format so that the user sees the expression or
address results. Some error checking is done — for example, if an address will
cause an obvious error, the message INVALID ADDRESS=XXXXXXXX will result on the
terminal connected to serial ‘port 1. Refer to Table 3-3 for the error messages
and other messages used in TUTOR.



3.5. TUTOR COMMAND SET

Table 3-1 lists the TUTOR commands by type.

TABLE 3-1. TUTOR Commands

COMMAND MNEMONIC DESCRIPTION PAGE
MD Memory Display 3-24
MM, M Memory Modify 325
MS Memory Set 3-28
A0 - A7 Display/Set Address Register 3-35
.D0 - .D7 Display/Set Data Register 3-35
.PC Display/Set Program Counter 3-35
.SR Display/Set Status Register 3-35
.SS Display/Set Supervisor Stack Pointer 3-35
.Us Display/Set User Stack Pointer 3-35
DF Display Formatted Registers 3-17
OF Display Offsets 3-31
.R0O — .R6 Display/Set Relative Offset Register 3-31
BF Block of Memory Fill 3-11
BM Block of Memory Move 3-12
BT Block of Memory Test 3-15
BS Block of Memory Search 3-14
DC Data Conversion 3-16
BR Breakpoint Set 3-13
NOBR Breakpoint Remove 3-29
GO, G Go 3-20
GT Go Until Breakpoint 321
GD Go Direct 3-19
], T Trace 3-38
TT Temporary Breakpoint Trace 3-39
PA Printer Attach 3-32
NOPA Reset Printer Attach 3-30
PF Port Format 3-33
™ Transparent Mode 3-36
* Send Message to Port 2 —_
HE Help 3-22
DU Dump Memory 3-18
LO Load 3-23
VE Verify 3-40
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Each of the individual commands is described in the following pages. Figure 3-2
shows the general format of the description.

3.4.X Command Title / XX
(Command mnemonic)

[NO] <command> [<parameters>] [;<options>]

/

(General command format)

(Command description)

(Examples)

NOTE

User inputs are underscored for clarity only;
i.e., no underscore is typed in actual input.

FIGURE 3-2. Command Description Format

3-10



3.5.1 Block of Memory Fill BF

BF <addressl> <address2> <word

The BF command fills memory starting with the word boundary (even address)
<addressl> through <address2>. Both <addressl> and <address2> must be even
addresses. This command only fills with a word-size (two-byte) data pattern, as
specified in hex, octal, decimal, or binary digits. If an entire word size data
pattern is not entered, the pattern is right justified and leading zeros are
inserted.

EXAMPLE

TUTOR 1l.X > MD 2004
002004 17 39 22 33 BF FF 00 9E 41 42 55 CD C4 44 00 98 .9*32...ABUMDD..

TUTOR 1.X > BF 2004 200A 4752
PHYSICAL ADDRESS=00002004 0000200A

TUTOR 1.X > MD 2004
002004 47 5A 47 5A 47 SA 47 5A 41 42 55 CD C4 44 00 98 GZGZGZGZABUMDD..

TUTOR 1.X > BF 2004 2012 7
PHYSICAL ADDRESS=00002004 00002012

TUTOR 1.X > MD 2004
002004 00 07 00 07 00 07 00 07 00 07 00 07 00 07 00 07 .ceececcecescccss

TUTOR 1.X >
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3.5.2 Block Move BM
BM <addressl> <address2> <address3>

The BM command is used to move (duplicate) blocks of memory from one area to
another.

<addressl> = beginning address of source memory block
<address2> = ending address of source memory block

<address3> = beginning address of destination memory block
EXAMPLE 1
TUTOR 1.X > BM 1800 1900 1860 The entire block from $1800 through $1900

PHYSICAL ADDRESS=00001800 00001900 is duplicated, starting at $1860.
PHYSICAL ADDRESS=00001860

TUTOR 1.X >

EXAMPLE 2

TUTOR 1.X > MD 1800 10
001800 00 11 22 33 44 55 66 77 88 99 AA BB CC DD EE FF .."3DUfw..*;L]n.

TUTOR 1.X > BM 1806 1809 1804
PHYSICAL ADDRESS=00001806 00001809
PHYSICAL ADDRESS=00001804

TUTOR 1.X > MD 1800 10
001800 00 11 22 33 66 77 88 99 88 99 AA BB CC DD EE FF .."3fw....*;L]n.

TUTOR 1.X >
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3.5.3 Breakpoint BR
BR [<address>[;<count>]]...

When encountered, a breakpoint causes program execution to stop and control to
be transferred to TUTOR. The BR <address> command sets one or more addresses
into the breakpoint address table. This table can hold up to eight breakpoint
addresses. Multiple breakpoints (up to eight) may be specified with one call of
the breakpoint command. Addresses should be on even word boundaries. The range
of <count> is a 32-bit integer.

The breakpoints are inserted into the user program when execution is called via
a GO or GT command. The illegal instruction $4AFB is inserted at the addresses
specified by the table. During execution of the program, a breakpoint occurs
whenever this instruction is encountered. If program control is lost, control
can be regained via the RESET or the ABORT button. ABORT is preferred because
use of the RESET function may leave breakpoints ($4AFB) in the user program,
whereas ABORT will recover properly.

The NOBR command is used to eliminate all breakpoints from the breakpoint table.

While executing a Trace command, the breakpoint addresses are monitored (i.e.,
the illegal instruction $4AFB is not placed in memory).

COMMAND FORMAT DESCRIPTION

TUTOR 1.X > BR Display all breakpoints.

TUTOR 1.X > BR address Set a breakpoint.

TUTOR 1.X > BR address;count Set a breakpoint with a count. Count is

decremented each time the breakpoint is
encountered until count = 0. Execution
stops as soon as count is decremented to
zero. Thereafter, execution will stop
each time the breakpoint is reached.

See also: GT, NOBR, TT
EXAMPLE

TUTOR 1.X > .R4 4000
TUTOR 1.X > BR 1010 2000;5 2040 4000

BREAKPOINTS

001010 001010
002000 002000;5
002040 002040
000000+R4 004000

TUTOR 1.X > NOBR 1010 2040
BREAKPOINTS
002000 002000;5
000000+R4 004000
TUTOR 1.X > NOBR
BREAKPOINTS
TUTOR 1.X >
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3.5.4 Block of Memory Search BS

BS <addressl> <address2> 'literal string'
BS <addressl> <address2> <data> [<mask>] [;<option>]

The BS command has two modes: 1) literal string search, and 2) data search.
Both modes scan memory beginning at <addressl> through <address2>, looking for a
match.,

The literal string mode is initiated if a single quote (') follows <address2>.
If a single quote does not follow <address2>, data search mode is assumed. In
the data search mode, the optional mask, if used, is ANDed to data. The default
mask is all one's. The options supported are:

;B byte
;W word
;L long word

The default is byte.

In both modes of the BS command, if the search finds matching data, the data and
the address(es) are displayed. If the search is in data search mode with a
mask, and data is found that matches the data after the mask is ANDed, the data
from memory before applying the AND mask is displayed.

EXAMPLE COMMENT
TUTOR 1.X > MD 1FFO 15

O01FF0 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF  c.cicececccccccs
002000 43 43 45 45 00 00 00 00 00 00 00 00 00 00 00 00 CCEE.ceccoscccece

TUTOR 1.X > BS 1FF0 200F ‘'CC' Successful search for literal
PHYSICAL ADDRESS=00001FF0 0000200F string 'CC'.

002000 *cct

TUTOR 1.X > BS 1FF0 200F 34 ;W Unsuccessful search for word
PHYSICAL ADDRESS=00001FF0 0000200F length data (with default mask).
TUTOR 1.X > BS 1FFO 200F 03 OF Successful search for byte
PHYSICAL ADDRESS=00001FF0 0000200F length data, with four most
002000 43 significant bits masked.

002001 43

TUTOR 1.X > BS 1000 7FFE 4AFB;W Successful search for "leftover"”
PHYSICAL ADDRESS=00001000 00007FFE breakpoints.

001000 4AFB

TUTOR 1.X >
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3.5.5 Block of Memory Test BT

BT <addressl> <address2>

The BT command is a destructive test of a block of memory beginning at
<addressl> through <address2> inclusive (both at word boundaries = even
addresses). If this test runs to completion without detecting errors, the
memory tested will be set to all zeros.

This command may take several seconds to test large blocks of memory.

If memory problems are found, a message is displayed indicating the address, the
data stored, and the data read of the failing memory.

EXAMPLE

TUTOR 1.X > BT 5000 SFFE
PHYSICAL ADDRESS=00005000 00005FFE

TUTOR 1.X > BT 6000 6040
FAILED AT 6000 WROTE=FFFE READ=FF00
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3.5.6 Data Conversion DC
DC <expression>

The DC command is used to convert an expression into hexadecimal and decimal.
The expression may be entered in hexadecimal, decimal, or mixed format; output
will be shown both ways. Default input format is hexadecimal.

Offsets may be used with the DC command. RO is used if the offset is not
specified.

This command is useful in calculating displacements such as destination of
relative branch instructions or program counter relative addressing modes.
COMMAND FORMAT DESCRIPTION

TUTOR 1.X > DC $data Convert hexadecimal data into hexadecimal and
decimal.

TUTOR 1.X > DC &data Convert decimal data into hexadecimal and decimal.

EXAMPLE

TUTOR 1.X > DC &120
$78=&120

TUTOR 1.X > DC &15+34-$13
$0=&0

TUTOR 1.X > DC -1000
$FFFFF000=-$1000=-&4096

TUTOR 1.X >
TUTOR 1.X > .RO 1000

TUTOR 1.X > OF

R0=00001000 RI=00000000 R2=0Q000000 R3=00000000
R4=00000000 R5=00000000 R6=00000000 R7=00000000

TUTOR 1.X > DC 10+10+30
$1050=&4176

TUTOR 1.X > DC_10+10+30+R7
$50=&80
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3.5.7 Display Formatted Registers DF

DF

The DF command is used to display the MC68000 processor registers. The trace
display will be displayed whenever the debugger gains control of the program
execution — i.e., at breakpoints and when tracing.

Note that any single register can be displayed with the .Ax, .Dx, etc.,
commands.

See also: .Rx (contains forms .Ax, .Dx, etc.)

EXAMPLE

TUTOR 1.X > DF
PC=00001000 SR=2700=.S7..... US=00002000 SS=00000F00

DO=FFFFFFFF D1=00000000 D2=00000000 D3=00000000

D4=B0000018 D5=0000003F D6=00000000 D7=00000000

A0=00010040 A1=00000638 A2=00001000 A3=00000542

A4=00000544 AS=00000532 A6=0000053A A7=00000F00

001000  0C000030 QP.B  #48,D0

NOTE

Any time the registers are displayed, a disassembled line
of code is also displayed (see Chapter 4 for format). The
instruction located at the address pointed to by the
program counter (example, $001000) is disassembled and
shown. This is useful for program debugging.
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3.5.8 Dump Memory (in S-Record Format) DU

DU[<port number>] <addressl> <address2> [<text..>]

The DU command outputs S-records of memory contents from <addressl> through
<address2> to <port number>. Any optional text is output as part of a header
record.

S-records are a standard data format used in transmitting and receiving programs
and data. Appendix A discusses them in more detail. As part of the memory
dump, any text goes out as an SO or header record, and transmission ends with an
S9 end-of-file record.

The DU command has several options, including dump to Ports 1, 2, 3, and 4.
Also a default case of DU dumps to Port 1. The variations include:

COMMAND PORT # DESTINATION
DU Port 1 Terminal
DUl pPort 1 Terminal
DU2 Port 2 Host (modem)
DU3 Port 3 Printer
DU4 Port 4 Audio Cassette

This command does not send control characters to start or stop I/0O devices. The
offset contained in offset register RO is added to the starting and ending
memory addresses.

See also: LO, VE

EXAMPLE

TUTOR 1.X > DU 8800 880F TUTOR 1.X
PHYSICAL ADDRESS=00008800 0000880F
S00C00005455544F5220312E587E
S11388006654BBCE6704610013521E3C004447F813
S9030000FC

TUTOR 1.X > DUl 8800 880F

PHYSICAL ADDRESS=00008800 0000880F
S0030000FC
S11388006654BBCE6704610013521E3C004447F813
S9030000FC

TUTOR 1.X > DU4 7000 70FF S-records are dumped to
PHYSICAL ADDRESS=00007000 000070FF Port 4 (tape recorder)

TUTOR 1.X >
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3.5.9 Go Direct Execute Program GD
GD [<address>]

The GD command is similar to the GO command, except that GD does not set
breakpoints, nor does it start by tracing one instruction. The GD command
starts the target program at the location given as address without changing any
of the exception vectors (locations $0 through $3FF). If address is not
specified, the GD command starts the target program at the address in the PC.

See also: GO, GT
EXAMPLE

TUTOR 1.X > GD 2000
PHYSICAL ADDRESS=00002000
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3.5.10 Execute Program GO

GO [<address>]
G [<address>]

The GO command causes the target program to execute (free run in real time)
until:
a. the target program encounters a breakpoint,

b. abnormal program sequence that causes exception processing (e.g., divide
by zero), or

C. operator intervention through the RESET or ABORT pushbutton switch.

NOTE

If breakpoints with count are encountered, real time is not achieved.
The breakpoint will not stop processing until Count is d