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INTRODUCTION

The MEK68R2M Programmable CRT Video Interface accessory board is designed to
provide an interface between an MEK6802D3 Microcomputer Kit, an ASCII keyboard
and either a professional video monitor or TV set.* Included with the board

is a custom mask 2K ROM.

The MEK68R2M uses an advanced MC6845 CRT Controller Chip for increased user
control and reliability. It features the following software programmable line

and character formats:

16 lines of 32 characters
16 lines of 64 characters
20 lines of 80 characters

User defined character format

It is plug compatible with the MEK68MB Mother board, the MEK6802D3 Microcomputer
Kit, and accessory boards. The MEK68R2M has a standard composite video output,

and separate TTL video and sync outputs.

*NOTE: FFC type approval is required when using an RF modulator.
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1.0

1.1

1.2

1.2.1

CHAPTER 1
GENEkAL DESCRIPTION AND PREPARATION FOR USE

General

The following paragraphs provide a physical description of the MEK68R2M,
procedures for preparing the board and associated equipment for use, and
procedures for operating the overall system. It is suggested that an |

MEK68MB Mother board be used to interface the MEK68R2M to the associated

processor equipment.

Physical Description

The MEK68R2M is contained on a two-sided printed circuit card, which
measures 8.25 inches (209.6 cm) wfdekby 7.00 inches (177.8 cm) high by
0.062 inches (1.58 cm) thick (board only). Molex connectors mounted to
the board form a 60 pin connector. All components are mounted on one
side of the board with the tallest component projecting less than one-

half inch from the surface of the board.

Preparation For Use
The MEK68R2M board and associated equipment should be prepared for use

as described in the following paragraphs.

Jumper Options

Zero ohm resistors are installed on the board as a means of selecting
optional capabilities. The f011pwing paragraphs describe the board
configuration as shipped from the factory and information necessary to

change this configuration (see to Table 1 for optional configurations).
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TABLE 1~1. OPTIONAL CONFIGURATIONS

Function El | E2 | E3 | E4 [ E5 [ E6 | E7 | E8 | E9 [ E10 | E12 | E13

16 Lines x X X X
32 Characters

16 Lines x X X X
64 Characters

20 Lines x X X X
80 Characters

User Defined X X X

USA Standard | X

Europe Standard X

Keyboard Strobe H X

Keyboard Strobe L \ X

X = Jumper Inserted

.2.1  Jumper Options (cont'd)

A) The board is shipped with zero ohm resistors in positions labeled
E2, E3, and E9 so as to provide a CRT screen format of 16 lines of
32 characters. Move these three resistors as follows to obtain a

different format.

Screen Format Resistors in Positions
16 Tines of 64 characters E2, E4, and E10
20 1ines of 80 characters El, E3, and E10




1.2.1  Jumper Options (cont'd)

Screen Format Resistors in Positions

User defined (address of CRTC ' El, E4, and E10
data table must be entered
at $8115 and $8116)
B) Boards shipped to destinations in the U.S.A. have a zero cohm resistor
installed at position E5. Boards shipped to Europe will not have a

resistor at this location; instead a zero ohm resistor will be inserted

in location E6.

C) A1l boards shipped will have a zero ohm resistor installed at position
E8 to accommodate a keyboard with an acitve high strobe feature. If a
keyboard featuring an active low strobe is used, the resistor should be

moved to position E7.

1.2.2 D3BUGZ Installation
The routines for operating the MEK68R2M Video Display are included in the
D3BUG2 1.0 ROM. This ROM is to be installed in the ROM socket on the MEK
6802D3 Microcomputer Kit. Prepare the D3 kit for use with the R2M board
as follows:
A) Move the user RAM from $@@8@ to $818@, remove the jumpers from positions
E4, and E5, and install them in positions E3 and E6.

B) Install the D3BUG2 1.0 ROM in U29.

1.2.3 ASCII Keyboard Interface
Refer to paragraph 2.4.2 in Chapter 2 for a listing of the socket pin

assignments. Use this as a guide to connect the keyboard to socket U39.
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Display Unit Connections

Non-modulated Composite Video

A composite video output is available for monitors which accept this
signal. A direct connection may be made from J1 on the MEK68R2M to the

composite video input of the monitor unit.

Separate TTL Video and Sync

Separate TTL video and sync signals are available for monitors which
require TTL level inputs. These signals are available at U40, and may
be connected directly to the TTL video, horizontal sync, and vertical

sync inputs of the monitor. Refer to Appendix 1 for the output pins.

Startup Procedure

Proceed as follows to start up the R2M board and associated equipment.

Step 1. Check to see that all equipment is properly interconnected as

| described in paragraph 1.2.2 above.

Step 2. Apply dc voltage(s) to the equipment.

Step 3. Depress the RESET switch on the MEK6802D3 Microcomputer module
and observe that the screen on the associated CRT or TV set is
blank except for a cursor and the words D3BUG2 1.0 in the upper
left corner.

Step 4. Proceed to paragraph 1.4.

Operating Example
This routine may be used to demonstrate the MEK68R2M's full character set.

When executed, this routine fills the display memory with characters $00
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1.4

0030
0033
0034
0036
0037
0038
003B
003D

Operating Example (cont'd)
through $FF, repeating the pattern until the memory is full. Upon com-

pletion, the program returns control to D3BUG2 and displays the prompt.

ORG $0030
*
* Routine to repetitiously fill the memory with the
* full character set
*
CE 9000 FILMEM ( LDX #$9000 ) Point to memory
4F CLRA Character = $00
A7 00 LOOP STAA 0,X Store character in memory
4c INCA Next character — A
08 INX Next memory Addr —> X
8C 9FFF CPX #$9FFF Done?
26 F7 BNE LOOP No, continue
7E FOA5 JMP CONTRL Yes, return to control







2.0

2.1

CHAPTER 2
THEORY OF OPERATION

General
This chapter describes the overall theory of operation for the various
circuits found on the MEK68R2M board and how they relate to circuits in

associated equipment.

Functional Description

The MEK68R2M Programmable CRT Video Interface board was designed to act
as an interface between a microprocessor such as Motorola's MEK6802D3
Microcomputer Kit and either a video monitor or TV set. To interface to
a TV set, either a UHF or a VHF modulator must be connected to the video
output jack, or the TV set must be modified to accept nonmodulated com-
posite video. Provision is made for connecting an ASCII keyboard and/or

a light pen.

Figure 2-1 is the system block diagram for the circuits on the R2M board
and Appendix 8 is the system schematic. Address, data and control infor-
mation is accepted from the associated processor. Control and data infor-
mation is transmitted to the processor and a composite video signal is
transmitted to the associated CRT unit. The optional keyboard and light
pen provide additional inputs to the board if used. Prior to operation
of the board as a CRT interface, certain operating parameters must be
defined. This definition is accomplished through the use of the D3BUGZ2
software program that resides in the associated processor and jumper

options on the MEK68R2M board. An initialization sequence is performed
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2.1

2.1.1

Functional Description (cont'd)

whenever the system is reset. First, the CRT Controller (U21) on the

interface board is addressed by the processor and data from the D3BUG2
1.0 initialization table is written into the register files of the CRT

controller (CRTC).

This data defines the screen format and the cursor size. Next, the ASCII
character code for a blank space is written into all locations in the RAM
on the board (U22 and U31 in a basic system and U22 through U25 and U31

in a fully expanded system). Then, the peripheral interface adapter (PIA,
U30) is programmed to accepf ASCII code character information on the PAQ
through PA6 data lines and an interrupt signal input on the CAl line.
After this is accomplished, the board is ready for normal operation. At
this time, the words D3BUG2 1.0, a prompt (=), and a cursof appear at the

upper left hand corner of the screen on the associated CRT.

A]phanumeric Character Input

When the keyboard is connected to U39, the PIA interfaces the keyboard
to the associated processor. (It should be noted that a keyboard is re-
quired when using D3BUG2 1.0). When a key on the keyboard is depressed,
an IRQA interrupt flag bit is set in the control register of the PIA.

The associated processor than scans the contents of the control register,
noting that an interrupt flag bit has been set, and the processor then
responds by addressing the PIA (address $8044) and reading the seven

bits of data applied to PA§ through PA6. This data passes from the D@
through D7 (D7 is read as a "@§") output of the PIA through buffers U1
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2.1.1

2.1.2

Alphanumeric Character Input (cont'd) .
and U1l to the output terminals of the R2M board. The processor stores |

the ASCII code for the character selected. Then the processor addresses

the CRTC on the board (U21) and through a series of write and read opera-

tions determines the location of the cursor.

The processor then addresses the RAM on the MEK68R2M board, using this
16 bit address (in the range of $9P@@ through $9FFF) and writes the
stored ASCII code into the selected memory location via RAM data bus

buffers U2 and Ul2.

It should be noted that address decode circuits on the MEK68R2ZM board
respond to address bits generated in the associated processor to control

the operation of the CRTC, PIA and data buffer circuits discussed above.

See paragraph 2.1.6.

Data Display, Alphanumeric Mode

Whenever the address and data buses are not busy receiving data from
the processor, the CRT controller sequentially addresses locations in
RAM (U22 and U31, basic system; U22 through U25 and U31 through U34,
expanded system). The data stored in each memory loation is applied
to latch U38. The applied data is clocked through the latch to both
character generator U28 and to multiplexer U37. If the data stored in
memory is an ASCII character, the most significant bit (MSB) of the
eight bits of data is a logic @. This lTow enables data selectors U9
and U20 to pass the output of the character generator to the input of

shift register Ul19,
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2.1.2

2.1.3

2.1.4

2.1.5

Data Display, Alphanumeric Mode (cont'd)
The shift register is clocked to produce an output signal that is applied

to the video output circuits.

Graphic Mode Input/Display

Data representing a graphic symbol originates in the associated processor
and is stored in the RAM on the R2M board in the same general manner as
alphanumeric character data. However, the MSB of the eight bits of data
is written as a logic 1 to denote that it is a graphic symbol rather than
an ASCII character. This high enables data selector U9 and U20 to pass
the output of multiplexer U37 to shift register Ul9. The clocked output

of the shift register is applied to the video circuits.

Video Qutput

The ASCII character or graphic symbol data applied to shift register U19
is shifted out of the register at a clock rate determined by board jumper
options (E9 for 32 characters on a liné, E10 for 64/80 characters). The
output of the shift register is combihed with cursor, blanking, horizontal
sync and vertical sync information to provide a composite video signal.
The compositevvideo and separate TTL video signals are available for con-

nection to a video monitor.

Address Selector Circuit

The address selector circuit consists of four (U8, Ul4, U15, and U16)
quad two-input multiplexers. Two sets of address 1nputs are applied to.
the circuit. One set is bits A@ through All from the prbcessor and the

other is screen refresh address bits MA@ through MAll'from the CRT con-~
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Address Selector Circuit (cont'd) : ‘

troller circuit (U21)., When a circuit on the R2M board is addressed, the
address decode circut (paragraph 2.1.6) develops an enabling signal. This
signal causes the address selector circuit to pass bits A thru All from
the processor to the RAM circuit. When the MEK68R2M is not addressed,

the screen refresh address bits from the CRTC are applied to the RAM.

Address Decode Circuit

The address decode circuit performs several functions. Processor address
bits Al2 thru Al5 are applied to inverters U5A and U5B and to NOR gate
U13A. When the RAM is addressed (address $90@@ through $9FFF), the output
of U13A (RAM SELECT) is driven high; this high enables Ul14 thru U16 in the
data selector circuit which causes processor address bits AP thru All to

be connected to the RAM. This same high enables U8 in the control selector

circuit causing the control signals from the processor (R/W, E, etc.) to be
applied to the RAM. The high output of U13A is inverted by USE to produce
a low that is inputted into U27 in the video circuit, blanking the screen

during a memory access.

The high output of UL3A and the read/write (R/W) and enable (E) control
signals are applied to inverter U5D, AND gates U35A and U35B, and NAND
gates U26B and U26C. When the output of U13A (RAM SELECT) and the enable
(E) signal are high, the output of U35B and U26C are controlled by the
read/write control signal (R/W). The data buffers U2 and Ul2 are enabled
so as to connect the output of the RAM to connector P1 (data bus). When

the output of U13B and the enable (E) signal are high, the output of U35A
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2.1.6

2.2

2.3

Address Decode Circuit (cont'd)
and U26B are controlled by the read/write signal; buffers Ul and Ull are
enabled and R/W controls the direction of data flow between Pl and the

inputs of the P1A and CRTC.

Memory Organization
As shipped from the factory, the various circuits of the MEK68RZM are

addressable as follows (note that addresses are given in hexadecimal).

Circuit Assigned Address
CRT Controller $8@42 and $8043
Peripheral Interface Adapter $8p44 through $8p47
Random Access Memory ' $900@8 through $93FF
(1K Basic)
Random Access Memory © $9409 through $9FFF
(3K Add-0n)

Display Data Format

Data to be displayed on the CRT are entered into the display memory as
eight bit (D@ through'D7) words. The format of each word determines
whether the resultant display on a CRT is a graphic symbol or an alpha-
numeric character. If a graphic symbol is to be disblayed, bit D7 is a
lTogic 1, bit D6 is either a logic 1 (symbol half brightness) or a logic
——

§ (symbol full brightness), and bits D5 through D@ as required to define
the symbol. If an alphanumeric character is to be displayed, bit D7 is

————— e i

a logic @ and bits D6 through D@ are in ASCII code. The format of the

data word, hence the symbol or character displayed, is under software

control (see Figure 2-2, a and b). Note, even though the MEK68RZM is
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Display Data Format (cont'd)

capable of displaying graphic information, no graphic operating system

is incl

uded in the D3BUG2 1.0 ROM. Graphic patterns are to be generated

under control of a user written program.

D1 Do
D3 D2
D§ D4

FIGURE 2.2a. BITS CONTROLLING VARIOUS PIXEL POSITIONS
WITHIN A CHARACTER BLOCK

D7

pée | 5| p4a]| D3| D2] D1 | DO

ot #+— DO-D§ CHARACTER SYMBOL
' IDENTITY BITS

—t— D6 "1° = GREY TONE *0" = BRIGHTNESS (GRAPHIC MODE)
NOT USED IN ALPHANUMERIC MODE

g——— D7 *0° = ALPHANUMERIC MODE *"1° = GRAPHIC MODE

FIGURE 2.2b. FORMAT OF CHARACTER DATA
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2.4

2.4.1

Expansion Capabilities

The capability of the MEK68R2M can be expanded by any of the following:
1) Adding Random Access Memory (RAM).

2) Connecting a keybbard to the bbard.

3) Connecting a light pen to the board.

Add-On RAM

The MEK68R2M board is shipped from the factory with 1K x 8 bits of RAM
(Random Access Memory). Two 1K x 4 chips, one in position U22 and one

in U31, form this RAM. This RAM is assigned addres§~§§QQQ,Ihrough $93FF.

Additional RAM can be added as follows:

Type 2114 Chip Capacity

Installed in Added Assigned Address
U23 and U32 1K x 8 $9409 through $9700
U23 to U25, U32 to U34 3K x 8 $94¢9 through $9FFF

Revision C and D boards are expanded by adding RAM as described in Figure

2.3 and by changing jumpers E14 thru E17 according to the following table.

TABLE 2.1. JUMPER CONFIGURATION

RAM Jumpers Installed
On Board

‘ E14 E15 E16 E17
1K x 8 Yes No No Yes
2K x 8 No Yes No Yes
4K x 8 No Yes Yes No
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2.4’1

2.4.2

Add-On RAM (cont'd)

NOTE

‘When adding 1K of RAM to the R2M board, of revision A or B, a trace on
solder side of Ul8 going to Pin 1 must be cut. A wire must be soldered
from U18 Pin 1 to a pad marked SAl0 (see Figure 2-3).

When fully expanding the RAM, the trace at Pin 2 of Ul8 must also be
cut and a jumper connected from U18 Pin 2 to SAll (see Figure 2-3).

PIN 1
PIN 1
u18
PIN 2
SA10 SA10
e |
SA11 SA11
N
'—
COMPONENT SIDE SOLDER SIDE
FIGURE 2.3. RAM EXTENSION
Keyboard

An ASCII keyboard can be connected to keyboard dip socket U39 using the

following pin connector assignments.

Keyboard Dip

Signal Name Socket Pin Use
KD1 1 Keyboard data bit 1 (LSB)
KD2 2 Keyboard data bit 2
KD3 3 Keyboard data bit 3
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. 2.4.2 Keyboard (cont'd)
Keyboard Dip

Signal Name Socket Pin Use
KD4 v 4 Keyboard data bit 4
KD5 5 Keyboard data bit 5
KD6 6 Keyboard data bit 6
KD7 7 Keyboard data bit 7
PB4 8 PB4 user defined I/0
KS 9 Keyboard Strobe
Jumper option active
Hi or Lo
-- 10 N/C
-12 V 11 Vo]tage Supplies
-5V 12 Voltage Supplies
GND 13 Voltage Supplies
. +12 V 14 Voltage Supplies
GND 15 . Voltage Supplies
+5 V 16 Voltage Supplies

Keyboard data is applied to the Section A Peripheral Data inputs (PAQ
through PA6) of the PIA (U30). The keyboard strobe signal is applied
to the CAl input of the PIA (via jumper E7, if the strobe signal is
active low, or E8 if the strobe signal is active high) and acts to set

the interrupt flag of the control register A in the PIA.
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3.0

CHAPTER 3
SOFTWARE DESCRIPTION (D3BUG2 1.0 EXPANSION ROM)

Introduction

The MEK68R2M Vfdeo Display board was designed to display information
supplied by the MEK6802D3 Microcomputer board. D3BUGZ providés an easy
to use interface between the D3 and the R2M boards. D3BUG2 allows the
R2M user to manipulate all of the resources of the D3 and the R2M boards
with any other MOKEP board in the user's system. The‘user has the cap~
ability to write programs and debug them easily using D3BUG2. Many of
the subroutines which make up D3BUG2 are available for use in the user's
programs, thus relieving the user of some software burden. Refer to

Appendix 2 for the D3BUG2 1isting and Appendix 3 for the flow charts.

D3BUG2 uses many of the routines in D3BUG, which is supp]iedAon the
MEK6802D3, to perform many of its own functions. D3BUGZ expands D3BUG
into a 4K monitor capable of using the R2M's video display and an ASCII
keyboard. Since D3BUG is still present the hex keypad and display are
sti11 available to the D3BUG2 user. Control can be passed at will by

depressing a key on either the hex keypad or the ASCII keyboard.

D3BUG2 is a collection of debug routines which allows the user to develop
software systems in the MC6802's machine language through the use of a CRT
display and an ASCII keyboard or an RS-232 Terminal. The commands avail-
able include a memory dump command with ASCII equivalants, a register
display command that allows four optional user défined registers to be

displayed in addition to the MC6802'S registers, an offset load command
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3.0

3.1

Introduction (cont'd)

which allows a program to be relocated anywhere in memory (see note),
single and mu]tfp]e instruction trace, 300 or 1200 baud tape punch,
load, verify, and multiple screen formats, including European formats.
Many subroutines developed for D3BUGZ are available to the user, in-
cluding subroutines to manipulate the paging scheme implemented in the
MOKEP system. D3BUG2 is a very powerful de-bugging tool with features
that were at one time found only on more expensive development systems.
It provides the basis of a very powerful software system supporting more

advanced operating systems and high level languages.

Monitor Commands

The D3BUG2 commands are described in detail in order that the user may
obtain full use of their abilities. The following commands are grouped

by function and where possible alphabetically.

Command _ Description

B Displays the user's breakpoint table, with up to eight break-
point addresses displayed.
D Deletes all breakpoints from the table,
S Sets a breakpoint in the‘table.
Example: S 1 LF
go01
A breakpoint at memory location @@@1 HEX is placed on the
table. |

NOTE: The program is only relocated physically. It may not execute
correctly at its relocated address.
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3.1

Monitor Commands (cont'd)

U

Delete the specified breakpoint from the table.

Example: = U 1 LF

A breakpoint that was placed in the table by the S command is
now deleted leaving the table empty, as signified by the blank

line after the command and before the prompt.

Continue from the present program counter address. This com-
mand is used principally for continuing from an encountered
breakpoint, but may also be used by setting the program counter
manually. The C command inserts all breakpoints in the table
into the program after executing the instruction indicated by
the program counter. Normal execution of the program resumes
at the next instruction. Execution continues until another

breakpoint is encountered.

CAUTION: Breakpoints are only removed when a breakpoint is
encountered or the subroutine RMBKPT ($FDFD) is
executed. It is suggested that RMBKPT be setup as
user function 1 (see optional display registers

discussion) when debugging programs.

Go to the specified memory location and begin execution.
Any breakpoints in the table are entered before execution
begins. Execution stops when a breakpoint is encountered,

the reset key is depressed, or the Escape command is given
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3.1 Monitor Commands (cont'd) .
from the MEK6802D3's keypad. The reset key clears the

breakpoint table, but the Escape command does not. If the
Escape command was used, the breakpoints can be removed by
executing the RMBKPT subroutine (see CAUTION in the C

command section).

E Examine a block of memory starting at the entered address
with ASCII equivalents. The main use of this command is for
observing large parts of programs and for searching for ASCII
tables. The amount of memory examined is dependent upon the
R2M's display format. To display another line, depress the
space bar. The command monitor may be re-entered by depres-

sing the carriage return key.

L Load a previously recorded program from an audio tape recorded
using the MEK68I0 board. Two formats are available and are
prompted by the following message (3 or 12). Either a 3 may
be entered to choose the 300 baud format, which is J-BUG
compatible, or a 12 may be entered to choose the 1200 baud
format, which provides check-sum error detection not provided
in the 300 baud format. A line feed or a space bar will start
the load program. The user may abort command and return to
the monitor by depressing the carriage return key. The user
must position the tape and set the baud rate switch of the

MEK68I0 to the desired speed.
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3.1 Monitor Commands (cont'd)

0 Offset load a program recorded on audio tape anywhere in
memory. This command executes essentially the same as the
L command, except with the following differences. After
selecting the appropriate format, a prompt for the new
address is displayed (see example). The address entered
is the new starting address of the loaded progfam. After
loading is complete, the original starting address of the

program is displayed.

Example:
= 0 (3orl2)?212 LF
Beg Adr =0 LF
True Adr = F(QQ
P Punch a program onto an audio tape using the MEK68I0 board.

The tape format is selected as in the L command (described
in the previous page). After selecting the appropriate
format, a prompt for the starting address of the program to
be punched is displayed (see example). The desired address
is entered and a prompt for the ending address is displayed.
After entering the ending address, depressing the line feed
or space bar key will start the execution of the punch
program. When completed the command prompt will re-appear.
The recorder should be in the record mode before entering

the ending address.
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3.1

Monitor Commands (cond't)

Example:
= P (3orl2)? 12 LF
Beg Adr =  F0QQ LF
End Adr = FIFF LF

-
=

Verify a previously recorded program with the memory from
which it was recorded. Tape format selection is as described
in the L command. The Verify command does a byte for byte
comparison between the recorded version on tape and the actual
program in memory. If a mismatch occurs, then the following
message is displayed:

CKSUM?  XXXX

where XXXX is the hexidecimal address of the byte where the
mismatch occurred.

Example:

V@Bori2)? 12 LF
In this case there was no mismatch and the command prompt

reappears.

Trace one instruction at a time while displaying the state of
the registers after each trace. The program counter contains
the address, which can be put there manually through the use

of the R command or by the encountering of a breakpoint in a
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3.1 Monitor Commands (cont'd)
running program. There are two basic register displays
that can result from the execution of this command depending
on the display format in use. . If a 16 x 32 character display

is being used, the following register display will occur.

cc BB A X PC S RAM  ROM
XX XX XX OXXXX O OXXXX O XXXX X X

CC is the Condition Code Register
B is the B-Accumulator

A is the A-Accumulator

X is the Index Register

PC is the Program Counter

S is the Stack Pointer

RAM is the RAM Page Register

ROM is the ROM Page Register

If a 16 x 64 or a 20 x 80 display is being used the register display

appears as shown below.

= N
cc B A X PC 'RAM ROM REGL REG2 REG3 REGA4
XX XX XX XXXX  XXXX X X XXXX  XXXX  XXXX  XXXX

=
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3.1

Monitor Commands (cont'd)
where,
REG1 1is the first optional register
REGZ 1is the second optional register
REG3 is the third optional register
REG4 1is the fourth optional register
And the rest are as previously defined.
The optional registers are two byte memory locations selected by the

user. The addresses of these locations are entered with the "R" command.

T Traces one or more instructions up to 256 ($FF). The
number of instructions to trace must be entered in hex.
Example:
= I 2L
CC B A X PC S RAM  ROM
XX XX XX XXXX  XXXX  XXXX X X
ccC ¢ A X PC S RAM ROM
XX XX XX XXXX  XXXX  XXXX X X

=

For a 16 x 32 display.

M Displays the data at the entered address.
Example:
= M K99 LF
= F@gg 55

To advance to the next memory location depress the line feed

key.
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3.1

Monitor Commands (cont'd)

Example:
FOP9 55  LF
F@@1  AA

To back up to the previous location depress the M key.

Example:
Fe@@ 55 LF
FEg1 AA M
FP@@ 55

To change the data at the present location enter the new
data and depress the space bar (SB).
Example:

FO@@ 55 AA  SB ?
The ? signifies that no RAM is at that location. In this
case the first location in the D3BUG2 ROM is being displayed,
Example:

= M p LF

gogp XX 55 SB - 55
Here memory location @@@@ ypx is opened ahd changed to a
55 yex as signified by the 55 after the SB. The XX after
@@@@ means unknown display. The memory change will allow
any number of hex characters to be entered but will only
accept the last two entered.
Example:

pEp@ 55 1234567 SB 67
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3.1 Monitor Commands (cont'd)

O0ffset command, 0, is a command that can be invoked while
using the memory change, M, command. This is very helpful
in calculating the offset (second byte) of a branch in-
struction to its destination address. To use this command
while in a memory change function depress 0 and enter a 16
bit Hex value which represents the absolute address of the
destination of the branch instruction. Depress LF and the
monitor will display the offset value if within the -127 to
128 byte range and redisplay the address and current value
of previous line., If the routine finds the resultant to be ;
out of range, a FF will be displayed. If the offset is with-

in range, the value is automatically stored into memory.

Examples:
=M I 0
@o7F 89 0 FF LF

=
—
L

po7F  7F 0 199
g@7F FF S 7F

n———

Here the two extremes are shown. The offset from memory
location @@7F ypx to P@PP ppx is 80 ygpx. The offset from
memory location @@7F yex to @@FF {px is 7F HEX. Memory
location @109 is out of branching range from @@7F as indi-
cated by the FFypx result. This result is not entered into

memory as shown in the last line of the example.
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3.1 Monitor Commands (cont'd) T

R Displays the user's registers including the RAM and ROM page
register and, if in the 16 x 64 or the 20 x 80 character
display, four user defined registers. The registers may
then be changed one at a time. The user defined registers
contain the addresses of some memory locations whose contents
are of interest to the user when tracing a program. The
last three registers can also be used for storing the jump
addresses of the user defined functions which are described
later. The register display command may be exited at any-
time by depressing the carriage return key. A typical editing

example is shown below:
Example:

cc B A X PC S RAM  ROM
XX XX XX XXXX  XXXX  XXXX X X

XX @ LF
XX g LF
XX 8 LF
XXXX @ LF
XXXX @ LF
XXXX 81FF LF
RAMPG = X @ LF
ROMPG = X @ LF




”

3.1. Monitor Commands (cont'd)

XXXX REG = XXXX F@@2 LF

XXXX REG = XXXX Fg@@4 LF

XXXX REG = XXXX F@@6 LF

= R

cc B A X PC S RAM  ROM
g0 00 00 0000 Q000 8IFF @ ¢
g2 CR

=

! Execute the user's function whose address is stored in the

user defined register 2.

" Execute the user's function whose address is stored in the

user defined register 3.

# Execute the user's function whose address is stored in the
user defined register 4.

CTL E Clear the MEK68R2M's display and home the cursor.

3.2 D3BUG2 Operation

D3BUGZ is a command monitor program supplied with the MEK68R2M, which
a]Jows the user of that board to develop MC6802 machine language programs.
Development tools include single and multiple instruction trace, break-
point traps for interrupting programs under software control, and display
memory either one location at a time of blocks of locations with their
ASCII equivalents displayed also. With these and other features in D3BUGZ,

the user can enter, display, debug, and execute his or hers programs.
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@ MOTOROLA INC.

MEK68R2M CRT.VIDEO INTERFACE
CORRIGENDUM

Pleasé make the following corrections to the MEK68R2M Manual.

Pages 3-13 & 3-14 Replace Test Program (Worm) with:

TEST PROGRAM (WORM)

00001A 0000 ORG $0000
00002A 0000 0004 A PRESNT FDB WORM
00003A 0002 0020 A NEXT FDB ENDWRM

00027A 8193 CE 9000

00004A 0004 DE 02 A WORM  LDX NEXT GET THE START ADDR.
00005A 0006 96 02 A LDAA NEXT GET MOST SIG. BYTE OF ADDR
00006A 0008 81 80 A CMPA #$80 REACHED THE TOP OF RAM
00007A 000A 27 09 0015 BEQ ARN YES START OVER
00008A 000C 86 55 A LDAA #$55 LOAD TEST PATTERN
00009A 00OE A7 1C A STAA ~ $1C,X STORE IT AT STARTING ADDR.
00010A 0010 Al 1C A CMPA $1C,X HAS IT CHANGED?
00011A 0012 26 01 0015 BNE ARN YES REACHED THE END OF MEM
00012A 0014 39 RTS NO, BACK TO THE MAIN PROGR
00013A 0015 86 47 A ARN LDAA #'G A SUCCESSFUL TEST
00014A 0017 BD F156 A JSR OUTCHR TELL THE WORLD
00015A 001A BD F363 A JSR EXKEY  ABORT?
00016A 001D 7E 8189 A JMp INIT NO, CONTINUE ON
00017 0020 A ENDWRM EQU *
00019A 8180 ORG $8180
00020A 8180 BD F6A7 A DISPLA JSR CLRSCR
00021A 8183 CE 0000 A LDX #PRESNT
00022A 8186 BD F140 A JSR OUT4HS
00023A 8189 CE 0004 A INIT LDX #WORM INITIALIZE WORM LOCATION
00024A 818C DF 00 A STX PRESNT
00025A 818E CE 0020 A LDX #ENDWRM
00026A 8191 DF 02 A STX NEXT
A LOOP  LDX  #$9000
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00028A
00029A
00030A
00031A
00032A
00033A
00034A
00035A
00036A
00037A
00038A
00039A
00040A
00041A
00042A
00043A
00044A
00045A
00046A
00047A
00048A
00049A
00050A
00051A
00052A
00053A
00054A
00055A
00056A
00057A
00058A
00059

00060

00061

00062

00063

00064

00065

00066

MOTOROLA INC.

8196 96
8198 BD
8198 BD
819E A7
81A0 17
81A1 BD
81A4 A7
81A6 96
81A8 BD
81AB BD
81AE A7
81B0 17
81B1 BD
81B4 A7
81B6 C6
81B8 DE
81BA A6
81BC 08
81BD DF
81BF DE
81C1 A7
81C3 08
81C4 8C
81C7 26
81C9 7E

81CC DF

81CE 5A
81CF 26
81D1 DE
81D3 AD
81D5 20

MEK68R2M Manual

Corrigendum (cont'd)

TEST PROGRAM (WORM) (cont'd)

A
A
A
A
A
A
A
A
A
02 A
A
A
A
A
A
A
A
A

8000 A
03 81cC
0015 A
02 A

E7 81B8
00 A
00 A
BC 8193
001D
F6AC
F140
F122
F114
F156
F366

x>

TOTAL ERRORS 00000

LOOP1

ARN1

LENGTH
CLRSCR
OUT4HS
UNPACK
HEXASC
OUTCHR
EXKEY

LDAA
JSR
JSR
STAA
TBA
JSR
STAA
LDAA
JSR
JSR
STAA
TBA
JSR
STAA
LDAB
LDX
LDAA
INX
STX
LDX
STAA
INX
CPX
BNE
JMP
STX
DECB
BNE
LDX
JSR
BRA
EQuU
EQU
EQU
EQU
EQU
EQU
EQU
END

PRESNT
UNPACK
HEXASC
0,X

HEXASC
1,X
PRESNT+1
UNPACK
HEXASC
2,X

HEXASC
3,X
#LENGTH
PRESNT
0,X

PRESNT
NEXT
0,X

#$8000
ARN1
ARN
NEXT

LOOP1
PRESNT
0,X
LooP
$1D
$F6AT7
$F140
$F122
$F114
$F156
$F363

DISPLAY LOCATION OF WORM




3.2

D3BUG2 Operation (cont'd) ‘

In order to better understand the features of D3BUG2 an example program
is needed. The example prbgram is a memory test which ulitizes a test
algorithm called Worm. The Worm algorithm causes a.small program to be
moved and executed throughout the computers available RAM memory. In
this program the Worm is implemented by a main progkam which stays at
one place and a subroutine which the main program moves through memory

and calls to exercise the memory in which the subroutine resides. This

program uses the MEKG68R2M to display the results of the test. The Tisting

of the test program is given below.

TEST PROGRAM (WORM)

00001A 0000 ORG $0000
00002A 0000 0004 A PRESNT FDB WORM
00003A 0002 0020 A NEXT FDB ENDWRM

00004A 0004 DE 02 A WORM  LDX NEXT GET THE START ADDR.

00005A 0006 96 02 A LDAA NEXT GET MOST SIG, BYTE OF ADDR
00006A 0008 81 80 A CMPA #$80 REACHED THE TOP OF RAM
00007A 000A 27 09 0015 BEQ ARN YES START OVER

00008A 000C 86 55 A LDAA #$55 LOAD TEST PATTERN

00009A 000E A7 1C A STAA $1C,X STORE IT AT STARTING ADDR.
00010A 0010 Al 1C A CMPA $1C,X HAS IT CHANGED?

00011A 0012 26 01 0015 BNE ARN YES REACHED THE END OF MEM
00012A 0014 39 RTS NO, BACK TO THE MAIN PROGR
00013A 0015 86 47 A ARN LDAA #'G A SUCCESSFUL TEST

00014A 0017 BD F156 A JSR OUTCHR TELL THE WORLD

00015A 001A BD F366 A JSR -~ EXKEY ABORT?

00016A 001D 7E 8189 A JMP INIT NO, CONTINUE ON

00017 : 0020 A ENDWRM EQU *

00019A 8180 ORG $8180

00020A 8180 BD F6AC A DISPLA JSR CLRSCR

00021A 8183 CE 0000 A LDX #PRESNT .

00022A 8186 BD F140 A JSR OUTAHS

00023A 8189 CE 0004 A INIT LDX #WORM INITIALIZE WORM {OCATION
00024A 818C DF 00 A STX PRESNT

00025A 818E CE 0020 A LDX #ENDWRM

00026A 8191 DF 02 A STX NEXT

00027A 8193 CE 9000 A LOOP  LDX #$9000
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3.2

D3BIG2 Operation (cont'd)

00028A 8196 96 00

00029A 8198
00030A 8198
00031A 819E
00032A 81A0
00033A 81A1

00034A 81A4

00035A 81A6
00036A 81A8
00037A 81AB
00038A 81AE
00039A 8180
00040A 81B1
00041A 81B4
00042A 81B6
00043A 81B8
00044A 81BA
00045A 81BC
00046A 81BD
00047A 81BF
00048A 81C1
00049A 81C3
00050A 81C4
00051A 81C7
00052A 81C9
00053A 81CC
00054A 81CE
00055A 81CF
00056A 81D1
00057A 81D3
00058A 81D5
00059

00060

00061

00062

00063

00064

00065

00066

BD

DE
AD
20

F122
F114
00

0015
02

TEST PROGRAM (WORM) (cont'd)

LOOP1

> IIPF IITIPIF BT P>

A
A ARN1

E7 81B8

00
00

A
A

BC 8193

001D
F6AC
F140
F122
F114
F156
F366

TOTAL ERRORS 00000

A LENGTH
A CLRSCR
A OUTAHS
A UNPACK
A HEXASC
A OUTCHR
A EXKEY

LDAA
JSR
JSR
STAA
TBA
JSR
STAA
LDAA
JSR
JSR
STAA
TBA
JSR
STAA
LDAB
LDX
LDAA
INX
STX
LDX
STAA
INX

CPX

BNE
JMP
STX
DECB
BNE
LDX
JSR
BRA
EQU
EQU
EQU
EQU
EQU
EQU
EQU
END

3-14

PRESNT ~ DISPLAY LOCATION OF WORM
UNPACK

HEXASC

0,X

HEXASC
1,X
PRESNT+1
UNPACK
HEXASC
2,X

HEXASC
3,X
#LENGTH
PRESNT
0,X

PRESNT
NEXT
0,X

#$8000
ARN1
ARN
NEXT

LOOP1
PRESNT
0,X
LOOP
$1D
$F6AC
$F140
$F122
$F114
$F156
$F366




3.2

D3BUG2 Operation (cont'd) |
Begin by entering the program into memory,,AThjs\js done with the M
command. First enter the main progrémvstarting‘atfslso HEX which lies
outside the RAM to be tested (note section 2.1). The display should
appear as shown below:
M 8180 SB XX BD LF
8181 XX F6 LF

Where the XX represents the data at location 8180 ypx. Now the rest of
the main program can be entered. Upon completion of this task enter the
Worm subroutine starting at @@@@ pgx in the same manner. If a mistake
is made while entering theltwo programs, there exist a number of ways to
correct them 1h D3BUG2. If the wrong hex number is entered and the line
feed has not been depressed the user may continueyentering hex characters
until the correct two are entered. |
Example:

8182 XX AZ AC LF

8183 XX

Notice AP is incorrect and is fixed by simp1y entering the

correct two characters AC.
If the wrong entry was made and the 1ihe‘feéd key was depressed, this can
be corrected by depressing the M‘key and entering the correction:
Example: |

8183 XX €1 LF

8184 XX M
8183 €l CE SB CE LF
8184 XX
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3.2

D3BUG2 Operation (cont'd)
If the wrong entry was made and the carriage return key was depressed,
the correction can be made~usingvthe M command:
Example:
8184 XX @F CR
=M 884 OF @9 SB
8185 XX

g0 LF
After entering the two programs they could be saved on tape using the
P command if aﬁ MEK68I0 board is present in the system. The programs

should be visually verified for correctness.

Now that the programs are in memory, debugging can begin., Starting with
the main program, the first instruction to be executed is a call to a
subroutine in D3BUG2. Set a breakpoint at 8186 ypx, as showh be1ow, in
order to observe what the subroutine CLRSCR does.

= S 818 LF

8186

= & 8180 L
Set the breakpoint and execute the program. The CRT display should
clear and the following display should appear.

cC B A X PC S RAM ROM

c4 190 OF ¢$¢¢ 8186 81FF g 0
Where the PC register holds the address where the breakpoint is encoun~
tered and the X register is cleared with the instruction LDX #PRESNT,
The next instruction is again a call to a subroutine (OUT4HS) in D3BUG2.
Again, use a breakpoint set at INIT ($8189) to observe the results.
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3.2

D3BUG2 Operations (cont'd)

= D Clear all breakpoints
= § 8189 LF

8189

= 6 818 LF

Here all breakpoints are c1eared-ahd’a ﬁéw oné set:at 8189 Hex. The
program is executed again with the following display appearing on the
screen,

FFFF

cC B A X PC. S ... RAM ROM

co 10 @5 ggg2 8189 8I1FF @ 9
A breakpaint has occurred where the contents of PRESNT ($0000) has been
printed on the CRT. The X register now points to Next ($0@@2) because
OUT4HS increments the index register by two before it returns. The PC
register holds the address where the breakpoint was encountered ($8189).
This completes the screen initialization and paves the way to check |

program initialization by single instruction traces,

= N

cc B A X PC S RAM  ROM
cg 1p @5 g@gs 818C B8IFF ¢ @
= N . -

«« B A X PC S RAM ROM
co 19 g5 g0 18 SIFF 0 0
= N
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3.2 D3BUG2 Operation (cont'd)

cC B A X PC S RAM  ROM
0 19 @5 @ge@ 8191  8IFF ] 9
= ﬂ |

cC B A X PC S RAM  ROM

g 19 95 @20 8193 BIFF 9 g

Now, to check the results.
= M @ SB 09 LF

— ar—

gop1 94 LF
9002 99 LF
P93 20 (R

=

The correct starting and ending addresses of Worm have been set-~up,

Now, to debug Loop. The first two instructions can be traced, -

-
cC B A X PC S RAM  ROM
c8 19 @5 9008 8196 81FF @ ¢
-

cC B A X PC S RAM  ROM

c4 19 90 9000 8198 81FF @ )

The index register holds the beginning address of the MEK68R2M's display
memory and the A-accumulator holds the most significant byte of the
present address of the Worm program. The next two instructions are callg

to subroutines (UNPACK and HEXASC) which will unpack the two hex
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3.2

D3BUG2 Operation (cont'd)

characters and convert them to ASCII. Set a breakpoint at 819E ypx to

stop execution at the correct point.

= D

—

= § 819

w— r—

19E

mrr——

= G 818

The following display results:
FFFF
cC B A X PC ROM ROM

g 99 39 9999 81 9 ¢

=

Where the A-accumulator holds the ASCII equivalent of the most signi-

ficant hex character and the B-accumulator holds the

hex character. Now trace the next two instructions

trace instruction.

= 1 2 LF

¢ B A X PC S
cd g9 3¢ 9999 S81AD SBIFF
cC B A X PC S

C4 o 00 9099  81A1 8IFF

=

least significant

using the multiple

RAM  ROM

g0
RAM ROM
g 9

The ASCII character @ has been placed at 99@@ ypx and the contents of B

have been placed in A,
= M ooy B 3P QR

=
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D3BUG Operation (cont'd) - .

Notice that the FFFF ypx at top of the screen is now @FFF yrx. Now to

display the second character that has been placed in the A-accumulator.

- D
- s 86 LF
81A6

- ¢ L

With the following display appearing,
PoFF
cC B A X PC S RAM  ROM
co g 39 9009 B8lA6 BIFF @ )

The hex @ has been converted to the ASCII equivalent 3@ wex and is

stored at 9001 yex.

=M 9001 SsB 30 LR
Trace the next instruction to retrieve the least significant byte of
the address which in this case is (4.

= N .

cC B A X PC RAM  ROM
01) a0 @4 9000  81A8 ) )

Now to display it in the same manner as the previous byte.
=5 8186 LF
81B6
=C

o—
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3.2

D3BUG2 Qperation (cont'd)

oo B A X PC S - RAM  ROM

co 04 34  90¢p 81B6 8L1FF @ '}
The upper left hand of the CRT should now display:

0004
Which is the present address of the Worm program. The main program uses
this part of the loop to update the present address of the Worm as it

(the Worm) moves through memory.

Now trace LOOP 1, which moves the wOEm progﬁam. ‘First, initialize the
count. |

= N

cC B A X PC S RAM  ROM

co 1D 34 90¢p 8188 8IFF 0 ¢
The B-accumulator holds the count 1D ypx. Now to trace the rest of the

Toop.

=1 L L
cC B A X PC S RAM  ROM
cp 1D 34 g@@4  81BA  B1FF /) 1]
cC B A X PC S RAM - ROM
8 . 1D DE  @@@4 81BC BIFF 0 ¢
cC B A X PC S - RAM  ROM

¢8 1D DE @95 818D B8IFF @9 @
cC B A X PC S RAM ~ ROM

cg 1D DE gggs B81BF BIFF @ . @
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3.2 D3BUGZ2 Operation (cont'd) o e
cc B8 A X PC S RAM ROM

¢§ - 10 DE ggep 8ICL BIFF. 9 @
cc B A X  PC S RAM ROM
8 10 DE gg2p 81C3 BIFF g g
cc B A X _ PC .S RAM ROM
¢8 . 1D DE gg21 8ICA BIFF @ @
=N TR

cC B A X PC S RAM  ROM

"CA 10 DE gg2l 81C7T S8IFF @ ¢

= N
cc B A X PC S RAM ROM
CA 10 DE gg2l 8lcC SIFF ¢ g
e }

cc B A X PC S RAM  ROM
@ 10 DE gg2l BICE S8IFF @9 @
=N

cc B A X PC . S RAM  ROM

g 1C DE @921 81CF  8IFF 9 0
=N .
cC B A X PC S RAM -~ ROM

cg 1C DE ¢g@21 81B8 ~ 8I1FF /) /)
The first byte of the Worm program (DE Hex) is transferred from its present
starting address 9004 ypx to its new address @020 ypx. It also checks to |
see if the top of memory has been reached, which it has not, so on to the

next byte.
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3.2

D3BUG2 Operation (cont'd)

The count in the B-accumulator is decremented by one and, since the

result is not zero, the Loop is repeated. Set a breakpoint at the last

instruction of the Loop (81CF ypx) to check that the loop is executed

the correct number of times.

=s  BICF LF

n——————— . ——

ccC B A X
co 1B g2 g@22

= c
cC B A X
co 1A 96 @923

PC S RAM  ROM
81CF  81FF ) t/

PC S RAM  ROM
81CF S8IFF @ 0

The A-accumulator holds the correct second and third bytes, respectively,

and the count in the B-accumulator is decremented by one each time.

Continue executing the C command until the B-accumulator holds a zero.

U
o

cc B A X
g g1 89 P9sC

]
£

c4 @ DE 003D
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3.2

D3BUG2 Operation (cont'd) . ' , ‘
Notice that the Tast byte to be moved is DE, which is not the last

byte of the Worm program (89 ypx). The last byte is actually trans-
ferred the step before, which means the Loop count (1D ypx) is one
too large. This can be fixed by changing the instruction which inin

tializes the count.

=M 887 8 b 1k @
-G 818 LF
Which displays,
poga
cC B A X PC S - RAM  ROM

co 1B DE @@21  8ICF  8I1FF Y ¢

Repeat the Lbop until the B-accumulator contains @@.
= C

ccC B A X PC S RAM  ROM
o) 1A @2 g@22  81CF  8I1FF ) @

cC B A X PC S RAM  ROM
c4 g9 89  @@3C  8ICF S8IFF ¢ )

The Loop is now executed the correct number of times and the Worm has
been transferred to memory locations @@2@¢ yry to @@3B ypx. The Tast

part of Loop executes the worm.
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3.2

D3BUG2 Operation (cont'd)
=N
cC - B A X “PC S - RAM  ROM
c4 1]1) 89 g@3Cc 81D1 - 81FF @ /)
=N
cC B A X PC S RAM  ROM
co 09 89 @@2¢  81D3  81FF /) 1)

Loop is concluded when the B-accumulator decrements to zero and the index
points to the new starting address of the worm program.

=X

cC B A X PC S RAM  ROM

e g0 89 pp2@ 0020  B1FD ¢ ¢

call the Worm program, Notice that the stack has been decremented by two

by the JSR instruciton.

Now, trace the Worm program.

=1 I

cc B A X PC S RAM  ROM
g @9 89  @gg3c @@22 8IFD 9 @
cc B A X PC S RAM  ROM
C4 @9 99 OP3C 9924 81FD ¢ @
cc B A X PC S RAM  ROM
CB 0§ @9 @@ @g26 8IFD @ P
cc B A X P S RAM ROM

cB g9 0@  0@93C Q@28 8LFD @ @
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D3BUG2 Operation (cont'd)

cC B A X PC S RAM  ROM
C1 09 55 @@3C @@2A 81FD @ @
cC B A X PC .S RAM  ROM
1 . 00 55 @P3C  @g2C  81FD p @
- CC B A X PC S . RAM  ROM

c4 09 55 P@3C @@2E 8I1FD - ¢ ¢

The Worm tests for the top of memory in the third step by comparing the
most significant byte of NEXT with the top page of memory (80 ypx). If
the top has not been reached a check is made in steps 5 through 7 for

enough memory in which to put the next occurrance of the Worm program,

=N

cc B A X PC S _ RAM ROM
C4 @9 55 @@3C 993@ 8IFD 9 @
=N

cc B A X PC S  RAM ROM

c4 09 55 @@3C  81D5  8I1FF '/ /)

If there is enough RAM, a normal return from subroutine to the main

program occurs.
= N
cC B A X PC S RAM  ROM
c4 g9 55 g@3c 8193 8IFF ¢ ¢
Loop begins again. If there is not enough RAM, then the ARN routine is

executed which prints a "G" on the R2M's screen, checks for an abort

3-26




3.2

3.3

D3BUG2 Operation (cont'd)

key (any key), and’restarts the main program from INIT. To observe a
complete run of the Main program and the Worm program, set a breakpoint
at INIT and execute from DISPLA. When the breakpoint is encountered,
perform a CNTL E to clear the screen and then execute the C command. An
incrementing counter should appear in the upper left hand corner of the
CRT. This counter will increment up to the top of user memory and stop.

In a system which has a MEK68MM32 board the following display results.,

= M 7FCR
= C 8
cc B A X PC  RAM  ROM

Co 1p @38 809 8189 @ 0

Notice that the index register has reached the top of the memory map and
the program printed a "G" and jumped to INTI (8189 HEX). Remove the

breakpoint and allow the program to run.

1o

-6 8180
A display similar to the following should appear:
1234 GG
Where the 1234 represents the counter and the G's are the number of
successful pasées. The program can be aborted by depressing the space

bar. You now have a usable RAM test program for checking system memory.

" User Callable Subroutines

There are a number of subroutines in D3BUG2 that could be useful to
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3.3

User Callable Subroutines (cont'd)

the user. A Tist of these with addresses and a brief description are .
given at the end of this chapter. This section groups these subroutines

and discusses how they relate to each other.

There is a group of routines (see Table 3.1) which can be used to input
and output packed and unpacked hex characters. 'They interact to produce
complete addresses and data bytes from inputted ASCII characters which

can be used by the calling routine.

TABLE 3.1. SUBROUTINES (PACKED/UNPACKED HEX CHARACTERS)

Subroutine Address Subroutine Address
ADDRES $F1B5 OUT4HS $F149
BEGADD $F1A6 HXBUF@ $F13D
ENDADD $F1B7 HEXBF2 $F144
INBYTE $F1D2 OUT2H $F14D
INADDR $F1D9 OUT2HA $F14F
OUTA $F12A UNPACK $F122
0uTB $F12D PACK2B $F22F
OUTAB $F139 PACK4B | $F233
OUT2HS $F147

Another group of routines handles the input and output of ASCII characters
and performs ASCII to hex and hex to ASCII conversion (see Table 3.2).
These routines perform the actual display of characters on the MEK68R2M

or the RS-232 Terminal.
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. 3.3 User Callable Subroutine (cont'd) "
TABLE 3.2. SUBROUTINES (ASCII TO HEX & HEX TO ASCII)

Subroutine Address
INCHR $FPE2
OUTCHR $F156
MESAGE . $F198
ASCHEX $FOFE
HEXASC $F114

The last group of routines affect the RAM and ROM pages. With these
routines up to 8 pages of RAM and 8 pages of ROM can be accessed, making
it possible for programs and related data to be larger than the memory
address space of the MC6802 (64K bytes). These routines (see Table 3.3)

‘l’ allow the user to change the page register by suppling a new page number
Bétween @ and 7 in the A-accumulator or by incrementing or decrementing
the page number. Thé’user should save all registers before calling
these if they are not to be changed. |

TABLE 3.3. SUBROUTINES (RAM & ROM PAGES)

Sybroutine Address
CHGRAM $F592
CNGROM $F586
INCRAM - $F5B1
INCROM $F5C2
DECRAM $F5BA
DECROM $F5CB
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3.3

User Callable Subroutines (cont'd)
Following is an example program which calls a subroutine in another

page and returns to the calling routine.

PSHB

PSHA

LDAA PAGERG 01d page number ($8@83)
STAA SAVEPG Save it

LDAA #NEWPG New page number

JSR CHGRAM Change RAM page

PULA

PULB Restore registers

JSR ROUTINE Call subroutine

PSHA |

LDAA SAVEPG Get old page number
STAA PAGERG Change back

PULA

RTS Return from subroutine

Upon entry all registers are saved in order for the subroutine to pass
parameter without inhibitaions. A similar program can be written to

call a subroutine in ROM by replacing CNGRAM with CNGROM.
If the subroutine is in the next page then INCRAM can be used instead:

Call PSHB
PSHA Save register

3-30




3.3

User Callable Subroutine (cont'd)
JSR INCRAM Change to next page
PULA
PULB : Restore register
JSR ROUTINE
PSHB |
PSHA
JSR DECRAM Change back to old page
PULA
PULB
RTS Return to program

This routine is somewhat shorter than the first program and uses only
the stack for temporary storage. A routine in ROM can be called in a

similar manner by using INCROM and DECROM.

The following is a description of the user callable subroutines with
information about the way each affect the MC6802s registers (changes
or does not change them), different memory locations, and the stack

(the stack depth). Also a description of what each does is given.

Glossary: A is the A-accumulator.
B is the B-accumulator.
CCR 1is the Condition Code Register.
X is the Index Register,

$ indicates this is a hex number.
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3.3.1 ADDRES $F1B5

Subroutine: ADDRES.

Address: $F1B5.

Subroutines called: BEGADD, MESAGE, INADD1, OUTS.

Registers affected: A, B, X, CCR.

Memory affected: BEGA ($813A), ENDA ($813C), MEK68R2M display memory.

Stack: 18 bytes.

Description: Returns two addresses stored in BEGA and ENDA, respectively.
Address will display prompt and wait for a beginning and

then for an ending address to be entered.

3.3.2 ADDXA $F94D
Subroutine: ADDXA.
Address: $F94D.

Subroutines called: None.
Registers affected: A, X, CCR.
Memory affected: XCALC ($8113).
Stack: 2 bytes.

Description: Adds the A-accumulator to the Index register.

3.3.3 ASCHEX $FOFE
Subroutine: ASCHEX.
Address: $F@FE.
Subroutines called: None.
Registers affected: A, CCR.
Memory affected: None.

Stack: 2 bytes.
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3.3.3

3.3.4

3.3.5

ASCHEX $FQFE (cont'd)

Description: Converts an ASCII character in the A-accumulator to its
hex equivalent. The carry flag is set if the character
does not have a hex equivalent. The contents of the
A-accumulator is destroyed. The~carry flag is cleared
if the character has a hex equivalent and the A-accumu~

lator holds the converted character.

BEGADD $F1A6

Subroutine: BEGADD.

Address: $F1A6.

Subroutines called: CRLF, MESAGE, INADD1.

Registers affected: A, B, X, CCR.

Memory affected: BEGA ($813A).

Stack: 16 bytes.

Description: Returns an address in BEGA. BEGADD displays a prompt

and waits for a beginning address to be entered.

CLEAR $F699

Subroutine: CLEAR.

Address: $F699.

Subroutines called: None.

Registers affected: A, X, CCR.

Memory affected: MEK68R2M's memory.

Stack: 2 bytes.

Description: Writes an ASCII space ($2@) in all locations from $90@0
to $9FFF. This clears the R2M's display.
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3.3.6

3.3.7

3.3.8

CLRSCR $F6A7

Subroutine: CLRSCR.

Address: $F6A7.

Subroutines called: CLEAR, CRTIZ.

Registers affected: A, B, X, CCR.

Memory affected: R2M's memory, FORMAT ($8115), CTEMP ($81@D), CLINE
($816@), LSCREN ($815E), CURPOS ($8164), STARAD
($8162), LINEAD ($8166), LCOUNT ($815C), and CCOUNT
($815A).

Stack: Four bytes.

Description: Clears the MEK68R2M's display and re-initialize the MC

6845's display registers.

CNGRAM $F592

Subroutine: CNGRAM.

Address: $F592.

Subroutines called: None.

Registers affected: VA, B, CCR.

Memory affected: PAGERG ($8@83).

Stack: Two bytes.

Description: Changes the RAM page to the page number in the A-accumu-

lator. The page number is limited to @ through 7.

CNGROM $F586
Subroutine: CNGROM.
Address: $F586.
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3.3.8

3.3.9

3.3.10

CNGROM $F586 (cont'd)

Registers affected: A, B, CCR.

Memory affected: PAGERG ($8¢83).

Stack: Two bytes.

Description: Changes the ROM page to the page number in the A-accumulator.

The page number is limited to @ through 7.

CRLFR2 $F627

Subroutine: CRLFRZ2.

Address: $F627.

Subroutine called. RTURNL.

Registers affected: A, B, CCR.

Memory affected: CTEMP ($81@D), CURPOS ($8164), CCOUNT ($815A), CUTEMP
($81¢B), LINEAD ($8166), STARAD ($8162), CRTCAR ($8¢42),
and CRTCDR ($8@43).

Stack: 4 bytes.

Descripton: Moves the MEK68R2M's cursor to the next line. If the next
line is off the screen CRLF2 will scroll-up one line which
pushes the top line off the screen and positions the cursor
at the beginning of the bottom 1ine. This bottom line is

cleared except for the cursor.

CRLFTR $F61E

Subroutine: CRLFTR.
Address: $F61E.

Subroutines called: OUTCHR.
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3.3.10

3.3.11

CRLFTR $F61E (cont'd)

Registers affected: A, B, CCR.

Memory affected: ACIATS ($8@@8), ACIA Output Register.

Stack: 4 bytes.

Description: Outputs an ASCII line feed and an ASCII carriage return
to the terminal ACIA. The flag TERM ($81@A) should be

set before execution of CRLFTR.

CRTIZ $F6A9
Subroutine: CRTIZ.
Address: $F6A9.
Subroutines called: UDATEL.
Registers affected: A, B, X, CCR.
Memory affected: CTEMP ($81@D), a temporary register; CLINE ($816@),
| the # of characters per line; LSCREN ($815E), the #
of lines on the screen; CURPOS ($8164), the cursor's
position; STARAD ($8162), the starting address of the
display; LINEAD ($8166), the starting address of the
present Tine; LCOUNT ($815C), the # of lines written
on the screen; CCOUNT ($815A), the # of characters
written on the present line.
Stack: 4 bytes.
Description: Initializes the MEK68R2M display using the parameter table
| specified by the address stored in FORMAT ($8115). This
table can be one of the six found in D3BUG2 or one supplied

by the user (see Table 3.4).
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3.3.11  CRTIZ $F6A9 (cont'd)

TABLE 3.4

Label Address Format

CRTABI $F798 U.S. 32 x 16
CRTAB2 ' $F71A U.S. 64 x 16
CRTAB3 $F72C ; U.S. 80 x 20
CRTAB4 $F73E European 32 x 16
CRTABS $F750 European 64 x 16
CRTAB6 $F762 Euorpean 80 x 20

3.3.12 DECRAM $F5BA

Subroutine: DECRAM.

Address: $F5BA.

Subroutines called: GETPG, CNGRAM.

Registers affected: A, B, CCR.

Memory affected: PAGERG ($8p83).

Stock: 4 bytes.

Description: Decrements the RAM page register by one. If the result
would lie out side the page boundaries @ to 7 then the

Z flag is set.

3.3.13 DECROM $F5CB
Subroutine: DECROM.
Address: $F5CB.
Subroutines called: GETPG, CNGROM.
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3.3.13

3.3.14

3.3.15

DECROM $F5CB (cont'd)

Memory affected: PAGERG ($8@83), the page register.

Stack: 4 bytes. ’

Description: Decrements the ROM Page register by one. Only pages
between # and 7 are allowed. The Z flag is set if
decrementing the page register would go out side this

Timit.

ENDADD $F1B7

Subroutine: ENDADD.

Address: $F1B7.

Subroutines called: MESAGE, INADD1, OUTS.

Registers affected: A, B, X, CCR.

Memory affected: ENDA ($813C), CTEMP ($81@D), CUTEMP ($81@B), CURPOS
($8164), CCOUNT ($815A), ROLFLG ($8134), CRFLAG
($8154), HEXBUF ($8118), and XTMP3 ($8111).

Stack: 16 bytes.

Description: Returns an address in ENDA. ENDADD displays a prompt

and waits for the ending address to be entered.

HEXASC $F114

Subroutine: HEXASC.
Address: $F114.

Subroutines called: None.
Registers affected: A, CCR.

Memory affected: None.
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3.3.15

3.3.16

3.3.17

HEXASC $F114 (cont'd)

Stack: 2 bytes.

Description: Converts an unpacked‘héx character in "A" to its ASCII
equivalent, If "A" does not hold an unpacked character

the carry flag is set.

INADDR $F1D9

Subroutine: INADDR.

Address: $F1D9.

Subroutines called: ASCHEX, OUTA, PACKIT, INCHR.

Registers affected: A, B, X, CCR.

Memory affected: CRFLAG, ROLFLG, HEXBUF, FLG24, KEY.

Stack: 14 bytes.

Description: Returns an address in both the index register and HEXBUF.
If no address was entered ROLFLG ($8134) is cleared. If
a carriage return was pressed CRFLAG ($8154) is set, The
terminating key (i.e., line feed) is returned as a code in

the B-accumulator (see Table 3.2).

INBYTE $F1D2

Subroutine: INBYTE.

Address: $F1D2.

Subroutines called: ASCHEX, OUTA, PACKIT, INCHR.

Registers affected: A, B, X, CCR.

Memory affected: XTMP3, FLG24, ROLFLG, CRFLAG, KEY, and HEXBUF +2.

Stack: 14 bytes.
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3.3.17 INBYTE $F1D2 (cont'd) ‘
Description: Returns a byte in both the A-accumulator and HEXBUF +2.

The terminating key (i.e., Tine feed) is’returned as a

code in the B-accumulator (see Table 3.5). If no byte

is entered, ROLFLG ($8134) is cleared. If a carriage

return is depressed, CRFLAG ($8154) is set.

TABLE 3.5
Key Code Description
M ) Back up
A /) Back up
CR 1 ~ Carriage return
LF 3 Line feed
0 4 Offset
SP 5 Space bar

3.3.18 INCHR $FQE2

Subroutine: INCHR.

Address: $FQE2.

Subroutines called: None.

Registers affected: A, CCR.

Memory affected: PIALAC ($8@45), ACIATD ($89@9).
Stack: 2 bytes.

Description: Inputs an ASCII character from the console keyboard.
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3.3.18

3.3.19

3.3.20

INCHR $FPE2 (cont'd)
The type of console is determined by the flag TERM (see
Table 3.6). The most significant bit of the input

character is masked.

TABLE 3.6
Term Console
9 MEK68R2M
1 RS=-232 Terminal

INCRAM $F5B1

Subroutine: INCRAM.

Address: $F5B1.

Subroutines called: GETPG, CNGRAM.

Registers affected: A, B, CCR.

Memory affected: PAGERG ($8@83).

Stack: 4 bytes.

Description: Increments the RAM page register by one, if the kesult

would exceed the page boundary @ to 7 the Z flag is

cleared.

INCROM $F5C2

Subroutine: INCROM.

Address: $F5C2.

Subroutines called: GETPG, CNGROM.
Registers affected: A, B, CCR.
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3.3.20 INCROM $F5C2 (cont'd)

Memory affected: PAGERG.
Stack: v4 bytes.
Description: Increments the ROM page by one. The Z-flag is cleared if

the page boundary is encountered.

3.3.21 LFEED $F629

Subroutine: LFEED.

Address: $F629.

Subroutines called: None.

Registers affected: A, B, CCR.

Memory affected: CTEMP ($81@D), CURPOS ($8164), LINEAD ($8166), CUTEMP
($819B, $81@C), LCOUNT ($815C), STARAD ($8162, $8163),
CRTCAR ($8@42), and CRTCDR ($8p43).

Stack: 2 bytes. ‘

Description: Advance the cursor to the next line but does not left

justify it (i.e., no carriage return).

3.3.22 MESAGE $F198
Subroutine: MESAGE.
Address: $F198.
Subroutines called: OUTCHR.
Registers affected: B, X, CCR.
Memory affected: CTEMP ($81@D), CURPOS ($8164), CUTEMP ($81¢B), CCOUNT
($815A), CRTCAR ($8@42), and CRTCDR ($8@43).

Stack: 9 bytes.
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3.3.22

3.3.23

3.3.24

MESAGE $F198 (cont'd)

Description: Displays a string of ASCII characters which is terminated
with an ASCII EOT ($@4). The Index register points to the
beginning of the string upon entry and points to the end

of the string upon exit.

OUT2H $F14D

Subroutine: OUTZ2H.

Address: $F14D.

Subroutines called: UNPACK, OUTA, OUTB.

Registers affected: A, B, X, CCR.

Memory affected: CTEMP ($81@D), CURPOS ($8164), CUTEMP ($81¢B), CCOUNT
($815A), LINEAD ($8166), STARAD ($8162), CRTCAR ($8p42),
and CRTCDR ($8p43).

Stack: 10 bytes.

Description: Outputs the byte pointed to by the Index register with no

following space. The index register is incremented by one.

OUT2HA $F14F

Subroutine: OUTZHA.

Address: $F14F.

Subroutines called: UNPACK, OUTA, OUTB.

Registers affected: A, B, X, CCR.

Memory affected: CTEMP ($81@D), CURPOS ($8164), CUTEMP ($81¢B), CCOUNT
($815A), LINEAD ($8166), STARAD ($8162), CRTCAR ($8042),
and CRTCDR ($8@43).

Stack: 10 bytes
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3.3.24 OUT2HA $F14F (cont'd)
Description: Displays the byte (2 hex characters) in the A-accumulator .
with no following space. The Index register is incremented

by one.

3.3.25 OUT2HS $F147
Subroutine: OUT2HS.
Address: $F147.
Subroutines called: OUT2H, OUTCHR.
Registers affected: A, B, X, CCR.
Memory affected: See OUTZ2HA and OUTCHR.
Stack: 12 bytes.
Description: Displays the byte (two hex characters) pointed to by the
Index register with a following space. The A-accumulator
returns with $2@ (ASCII space) and the Index register is ‘

incremented by one.

3.3.26  OUT4HS $F140

Subroutine: OUT4HS.

Address: $F140.

Subroutines called: OUT2H, OUT2HS.

Registers affected: A, B, X, CCR.

Memory affected: See QUT2H, OUTZ2HS.

Stack: 12 bytes.

Descritpion: Displays two bytes (4 hex characters) pointed to by the
Index Register with a following space. The Index regis-

ters is incremented by 2.
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3.3.27 OUTA $F12A

Subroutine: OUTA.

Address: $F12A.

Subroutines called: HEXASC, OUTCHR.

Registers affected: CCR.

Memory affected: see OUTCHR.

Stack: 8 bytes.

Description: Displays the unpacked hex character in the A-accumulator,
The carry flag is set if the A-accumulator does not hold

an unpacked hex character.

3.3.28 OUTAB $F139
Subroutine: OUTAB.
Address: $F139.
Subroutines called: OUTA, OUTB.
Registers affected: CCR.
Memory affected: See OUTA, OUTB.
Stack: 10 bytes.
Description: Displays the unpacked hex characters in the A-accumulator

and the B-accumulator.

3.3.29 0UTB $F12D
Subroutine: OUTB.
Address: $F12D.
Subroutines called: HEXASC, OUTCHR.

Registers affected: CCR.
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3.3.29

3.3.30

3.3.31

OUTB $F12D (cont'd)
Memory affected: See HEXASC, OUTCHR.

Stack: 8 bytes.

Descritpion: Displays the unpacked hex character in the B-accumulator.

The carry flag is set if the B-accumulator does not con-

tain an unpacked character.

OUTCHR $F156

Subroutine: OUTCHR,

Address: $F156.

Subroutines called: UPDATE, CRLF.
Registers affected: A, B, CCR.

Memory affected: CTEMP ($81@D), ACIATD ($8@@9), CURPOS ($8164), CUTEMP

($81@B), CCOUNT ($815A), see CRLF, UPDATE.
Stack: 6 bytes.
Description: Displays the ASCII character in the A-accumulator.

console display is determined by the flag term.

0UTS $F149

Subroutine: OUTS.

Address: $F149.

Subroutines called: QUTCHR.
Registers affected: A, B, CCR.
Memory affected: See OQUTCHR.
Stack: 6 bytes.

Description: Display a space on the console display.
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3.3.32

3.3.33

3.3.34

PACK2B $F22F

Subroutine: PACK2B,

Address: ~$F22F. ,

Subroutines called: ROLENT.

Registers affected: A, B, CCR.

Memory affected: FLG24 ($8135), ROLFLG ($8134), see ROLENT, HEXBUF +2
($811A). |

Stack: 5 bytes.

Description: Packs the unpacked hex character in the Anaccumuiator into

HEXBUF +2 ($811A).

PACK4B $F233

Subroutine: PACKA4B,

Address: $F233.

Subroutines called: ROLENT.

Registers affected: A, B, CCR.

Memory affected: FLG24 ($8135), ROLFLG ($8134), HEXBUF (%8118, $6119),“‘
see ROLENT, ‘

Stack: 5 bytes.

Description: Packs the unpacked hex character in the A-accumulator into

HEXBUF; HEXBUF +1.

RMBKPT $FDFD
Subrouytine: RMBKPT,
Address: $FDFD.

Subroutine called: None.
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3.3.34 RMBKPT $FDFD (cont'd)

Registers affected: A, B, X, CCR.
Memory affected: POINTR ($813E), any place where a SWI has been set
by the GO command.

Stack: 2 bytes.

Description: Removes SWI breakpoints from a program using the break-
point table ($8143 to $8163) for refrence addresses.
RMBKPT checks for a SWI op-code at each address on the
table, if one is found the original op-code which was
saved earlier on the table is re-inserted. If a SWI
op-code is not found the original op-code is not re-

inserted.

3.3.35 ROLENT $FB44

Subroutine: ROLENT.

Address: $FB44.

-Subroutines called: None.

Registers affected: A, B, CCR.

Memory affected: ROLFLG ($8134), HEXBUF ($8118, $8119), and HEXBUF +2

| ($811A). .

Stack: 2 bytes.

Description: Assembles unpacked hex characters into one or two byte
packed hex numbers. The flag FLG24 détermines whefher to
pack into one byte or two (see Table 3.7). The result of

the one byte operation is stored‘in HEXBUF +2, while the
two byte operation stores its result in HEXBUF ($8118)
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3.3.35 ROLENT $FB44 (;ont'd)
and HEXBUF +1 ($8119). Another flag, ROLFLG, is used to
add leading zeros before the first hex character (refer to

Table 3.7).

TABLE 3.7. FLAG OPERATION

Flag # Byte 1 Result
FLG24 2 4 hex characters are to be packed.
1 2 hex characters are to be packed.
ROLFLG ) Add leading zeros.
1 Do not add leading zeros.

3.3.36  RTURN1 $F6@B
Subroutine: RTURNI.
Address: $F6@B.
Subroutines called: UPDATE.
Registers affected: A, B, CCR.
Memory affected: CTEMP ($81@D), LINEAD ($8166), CURPOS ($8164), CCOUNT
($8154), see UPDATE.
Stack: 2 bytes.
Description: Returns the MEK68R2M's cursors to the beginning of the

current line.

3.3.37 SCROLU $F672
Subroutine: SCROLU.
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3.3.37 SCROLU $F672 (cont'd)
Address: $F672.
Subroutines called: UPDATE.

Registers affected: A, B, X, CCR.

Memory affected: LCOUNT ($815C), STARAD ($8162, $8163), see UPDATE.

Stack: 2 bytés.

Description: Moves the display up one line by changing the starting
address of the display memory of MEK68RZM to the starting
address of the second line of the display. In other words
the display wihdow is moved down one line to expose a

previously undisplayed line at the bottom of the screen.

3.3.38 SFTA4R $F125
Subroutine: SFTA4R.

Address: $F125.

Subroutines called: None.

Registers affected: A, CCR.

Memory affected: None.

Stack: 2 bytes.

Description; Shifts the A-accumulator four bits to the right.

3.3.39  TERMIN $FQ11
Subroutine: TERMIN.
Address: $F@11.
Subroutines called: None.

Registers affected: A, CCR.
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3.3.39

3.3.40

3.3.41

TERMIN $F@11 (cont'd)

Memory affected: IOPIAD ($8@@4), IOPIAC ($8@@5), and TERM ($810A).

Stack: 2 bytes. ‘

Description: Tests for a RS-232 terminal attached to the MEK63I0
board. Bit 1 of a PIA register ($80@4) determines
whether the terminal is there or not (see Table 3.8).
The flag TERM is set if bit 1 is high and cleared if
bit 1 is low.

TABLE 3.8. FLAG OPERATION

Bit 1 ___Term Result
) (N No Terminal
1 1 Terminal is main console

UNPACK -$F122

Subroutine: UNPACK.

Address: $F122.

Subroutines called: None.

Registers affected: A, B, CCR.

Memory affected: None.

Stack: 2 bytes.

Description: Unpacks two hex characters in the A-accumulator into the
A-accumu]atdr (Most Significant nybble) and the B-accumu-
lator (Least Significant nybble).

UPDATE $F682

Subroutine UPDATE.
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3.3.41 UPDATE $F682 (cont'd)

Address: $F682.

Subroutines called: None.

Registers affected: A, B, X, CCR.

Memory affected: CRTCAR ($8p42), CRTCDR ($8p43).

Stack: 2 bytes.

Description: Updates the display registers in the MC6845 (see MEK68R2M
data sheet) using the display parameters stored at STARAD
($8162, $8163) and CURPOS ($8164, $8165). STARAD holds
the starting address of the screen display. CURPOS is the
present location of the cursor. By changing STARAD differ-
ent barts of the display memory can be displayed on the CRT.
CURPOS allows the user to move the cursor through the dis-
play. By loading these two and calling update, the cursor
can be easily changed without affecting the other display .
parameters of the MC6845,

3.4 Jump Table

D3BUG2 contains a jump table to which other programs may jump to execute

certain routines in the ROM. There are five jumps 6n the table and are

1isted below.

TABLE 3.9. D3BUGZ JUMP TABLE

Address Jump Jump Address
$F@Q2 JMP ENT1 | $F@37
$FO@5 JMP CONTRL $F@AS
$F@@8 JMP EXGET $F378
$FP@B JMP OUTCHR $F156
$FOQE JMP EXKEY $F363
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3.4

3.5

Jump Table (cont'd)
ENT1 is the restart location of D3BUG2. The display is re-initialized

and control is given to D3BUGZ.

CONTROL is the beginning of D3BUG2's command routine. The display is not

re-initialized and control is given to D3BUG2.

EXGET allows the user to enter data from the Keyboard. One byte (2 hex
characters) can be entered if the INIT2 ($8137) is cleared. The byte is
returned in the A-accumulator. Two bytes (4 hex characters) can be

entered into the Index register if the flag INT2 is set.

OUTCHR outputs an ASCII character to the system console. The flag TERM
($819A) selects the type of console in use. If cleared the MEK68R2M 1is
used for the console. IF set the RS-232 serial port on the MEK68I0
($8008, $80@9) is used for the console (see the MEK68IO manual for

interfacing information).

EXKEY provides a means of detecting the depressing of a key on the con-
sole's keyboard. To use EXKEY for this function the flag ETRFG ($8158)
should be cleared, otherwise control is given to D3BUG2 without testing
for a key. Depressing a key will give control to D3BUG2. If no key has

been depressed, then EXKEY will return to the calling program.

Interrupts
A1l the interrupts of the MC6802 are available to the user. Many of the
interrupts are also used by the monitor, but flags are set when this is

the case. This enables the monitor to detect user interrupts and trans-
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3.5.1

3.5.2

Interrupts

feré control to user interrupt handlers. Six memory locations are set
aside for the user's interrupt routine addresses. They are UNMIV (NMI
VECTOR, $81@¢4 and $81@5), UIRQV (IRQ VECTOR, $81@6, $81@7), and USWIV
(SWI VECTOR, $8108 and $81@9). Each of the three types of interrupts

are discussed separately.

Non-Maskable Interrupt (NMI)

The Non-Maskable Interrupt is the highest priority interrupt in the
MC6802. As its name states no other interrupts (IRQ, SWI) can mask it,
which means it cannot be overridden except by external hardware. When
this interrupt occurs, a vector is fetched which points to the beginning
of the interrupt handler program. The NMI interrupt is used by D3BUG to
sense a key depressed on the MEK6802D3's keypad or to interrupt the pro-
cessor in order that an instruction can be traced. If neither of these
have caused the NMI interrupt, than D3BUG2 assumes it was user induced
and fetchs the address stored.at UNMIV ($81@4, $81@5) and jumps to the
user's interrupt handler. The user must put the interrupt handler's

address at UNMIV before attempting to use the NMI interrupt.

IRQ Interrupt

The IRQ Interrupt is a maskable interrupt. By setting the interrupt
mask bit in the MC6802's condition code register, the IRQ interrupt can
be enabled or disabled under software control. Upon reset, D3BUGZ dis~-
ables the IRQ interrupt, and the user must enable it when it is needed.

The address of interrupt handler program must be placed at UIRQV ($81¢6,
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3.5.2

3.5.3

3.6

IRQ Interrupt (cont'd)
$81@7) before using IRQ interrupt.‘

SWI Interrupt

The Software Interrupt is actually an MC6802 instruction that is placed
in a program to cause an induced interrupt much like the NMI and IRQ in-
terrupts. When a SWI instruction ($3F) is encountered in a program the

MC 6802's registers are pushed onto the stack and the interrupt handler

vector is fetched causing control to be given to to the handler. D3BUG2

uses the SWI interrupt to perform its breakpoint function, but has the
ability to distinguish between its own SWI's and the user's. The user
can place the starting address of his SWI handler routine at USWIV (%8198,

$8109) and set his own SWI's in his program independently of D3BUG2's.

The user has full use of the MC6802's interrupts by placing interrupt
handler addresses at the proper memory locations and pulling the correct
inputs to MC6802 low or setting SWI instructions in his programs.
Programs which depend on these interrupts can be de-bugged with ease

using D3BUG2.

Interfacing a RS-232 Terminal

- D3BUG2 is designed to output to either a MEK68R2M board or the RS-232

serial port ($80¢8, $80@9) on the MEK68IO board. The flag TERM ($810A)
is used to determine which type of display is in use. D3BUG2 looks at
jumpers on both the MEK68I0 and the MEK68R2M to determine which way to
set TERM. If both a RS-232 terminal and a MEK68RZM board are in the

system, the RS-232 terminal is used for the display.
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3.7

3.8

3.9

D3 Keypad Operation With D3BUG2

D3BUG2 allows the use of the D3BUG keypad monitor stored in the MC6846. .
D3BUG is invoked simply by pressing the EX key on the MEK6802D3 keypad.

The LED display lights up with the = prompt and all the commands of

DBBUG‘can be used. D3BUG2 can be re-entered by depressing a key on the
console's ASCII keyboard or by depressing the RS key (Reset) on'the

MEK6802D3's keypad.

User Defined Functions

D3BUG2 allows the user to define up to three functfons, which may be in-
voked by depressing the shift key and either the 1, 2, or 3 key. The
address of these user's functions are stored in the last three optional
registers and may be changed by using the Register display command. The
usér may end his function with a RTS instruction, which returns to the

monitor. In this way the user may implement his own commands to the

monitor.
Example: Changing the user defined functions.

Displayed Registers.

ROMPG = §
gogp Reg = 0000
1234 Reg = 0002 /) " Change user function.
1234 Reg = 0092 10 Address 1 to location zero.

Optional Display Registers

D3BUG2 allows the user to display four additional registers in addition
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3.9

3.10

Optional Display Registers (cont'd)

to those of the MC6802 if the 16 x 64 or the 20 x 80 display format is
selected on the MEK68R2M board or a RS-232 Terminal is attached to the
1/0 board. The optional registers may be displayed and changed through

the use of the register display command in any display format.

The user enters the address of the memory location to be displayed when

the following display appears on the CRT:
PPg@ Reg = Q@OQF 4343

The above display can be interpreted in the following manner: .The first
hex number @@@@ is actually the contents of the 16 bit memory location

@@@F. The hex number 4343 is the new 16 bit memory 1ocatioh entered by
the user and replaces the @@@F. A1l four optional registers may be dis-

played and changed in this manner.

Note: See register display command for more information regarding the

optional registers.

Program Flow

The D3BUG2 monitor program interfaces the MEK68R2M board with the debug
routines in D3BUG. D3BUG2 also expands the capabilities of D3BUG with
added features Tike multiple instruction trace, offset load of cassette
programs and display optional registers during tracing. D3BUG2 begins
operation when power is applied and a MEK68R2M board or a RS-232 terminal
is attached to a MEK68IO board in the system. If neither is in the sys-
tem, depress the EX key on the MEK6802D3 and the = prompt will appear

on the LED display.
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3.10 Program Flow {cont'd)

The flow charts of the commands and subroutines which make up D3BUG2 ' .

can be found in Appendix 3.
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APPENDIX 1. (MEK68R2/MEK68R2M) SIGNAL LIST PIN

Pin Signal Pin Signal
1 GND 40 A10
4 +5V 41 Al
6 OPEN 42 Al12
9 VMA 43 A13

11 R/W 44 Al4

12 GND 45 A15

13 RESET 46 GND

15 IRQ 47 GND

19 GND 48 D@

27 I/01 49 D1

28* 1/02 50 D2

29* 51 D3

30 Agd 52 D4

31 Al 53 D5

32 A2 54 D6

33 A3 55 D7

34 A4 56 +12V

35 A5 57 GND

36 A6 58 -12v

37 A7 59 +5V

38 A8 60 GND

39 A9

* Pins not used on MEK68RZM




APPENDIX 1. (cont'd)

U40 PIN ASSIGNMENTS - TTL VIDEO AND LIGHT PEN CONNECTOR

<

Pin Function Pin Function

1 CA2 1/0 9 _ N/C

2 L.P. STROBE 10 N/C

3 L.P. CONTROL 11 N/C

4 N/C 12 N/C

5 N/C 13 N/C

6 N/C 14 V. SYNC

7 N/C 15 H. SYNC

8 GND 16 TTL VIDEO
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eooo1 NAM D3BUGZ

Qopez TTL ~ MOTOROLA INC., "MAKING IT HAPPEN IN MEMOR
Pe0e3 OFT CREF,0,LLEN=80

2205 3733337333331 33113133$3313113113333133333$33333323333333 333333
Reee6 ¥ REV 1.8 .

07 ¥ COPYRIGHT (C) 1978 BY MOTOROLA INC.

geoed *

Boees * MEMORY SYSTEMS *MAKING IT HAFPEN®

eeeloe ¥ AUSTIN, TEXAS

eoet1 ¥ MICROCOMPUTER CAPITAL COF THE WORLD!

Boe1z * 5/16/79 k

00213 ¥ D3BUGZ COMMAND SUMMARY

Q0014 ¥

00015 ¥ L LOAD FROM TAPE

oeele * M MEMORY CHANGE; © OFFSET SUBCOMMAND

0017 * 0 OFFSET LOAD

20018 * P PUNCH TO TAPE

eoeris * E EXAMINE MEMORY. BLOCK

BReZo ¥ R DISPLAY CONTENTS OF TARGET STACK

eeez1 ¥ CC B A X P S RAM ROM REG1 REG2 REG3 REG4
egezz ¥ BE PRINT OUT aALL BREAKPOINTS

PRBZ3 * C CONTINUE EXECUTION FROM CURRENT LOCATION
eeovz4 * N NEXT INSTRUCTION

QQeZzs * T TRACE "N’ INSTRUCTIONS

PRBZE * G GO TO LOCATION ’N’

BRRZET ¥ D DELETE AlLL BREAKFOINTS

RORZA * U  RESET BREAKPOINT WITH ADDRESS ’N°’

e ¥ vV VERIFY TAFE

ROBRIR #* 5 SET A BREAKPOINT WITH ADDRESS ’N’

oRe31 * SHIFT ’1’ USER DEFINED ENTRY,OPTION REG 2
2232 ¥ SHIFT *"’ USER DEFINED ENTRY,QPTICON REG 3
B33 * SHIFT *#%’ USER DEFINED ENTRY,OPTION REG 4
20034 *

20235 ¥ D3BUGZ CONTROL FUNCTIONS

RER3I& * o

20037 ¥ CTL E  CLEAR SCREEN - HOME CURSOR

eeesa E -
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USER CALLABLE SUBROUTINES IN D3BUGZ

00040 *

20041 *

o4z ¥ APDDRES SFIBS RETURNS TWO ADDRESSES IN BEGA AND ENDA
20043 ¥ ADDXA $F94D ADDS THE A-ACC. TO THE INDEX

20044 % ASCHEX $F@OFE CONVERTS ASCII TO HEX

20045 ¥ INADDR $F1DS BUILD 16 BIT ADDR IN X REG

00046 ¥ INBYTE $F1D2 BUILDS 8 RIT HEX VALUE IN A REG
eoo47 ¥ CLEAR §$F699 STORE ASCII SPACE IN DISFLAY RAM
00048 ¥ CLRSCR $F6A7 CLEARS DISPLAY RAM REINITS CRTC
20049 ¥ CNGRAM $F592 CHANGES THE RAM PAGE

2ee50 ¥ CNGROM $F586 CHANGES THE ROM FAGE

20051 ¥ CRLFR2 $F627 CARRIAGE RETURN LINE FEED ON THE RZM
eeesz ¥ CRLFTR $FG61E CARRIAGE RETURN LINE FEED ON THE TERMINAL
20053 % CRTIZ &FBAY INIT CRTC WITH FORMAT= ADDR OF CRT TABLE
00054 ¥ BEGADD S$F1iA6 BUILDS BEGIN. 16 BIT ADDR IN BEGA
00055 ¥ DECRAM $FSBA DECREMENT THE RAM PAGE BY ONE

0056 % DECROM $FSCB DECREMENT THE ROM PAGE BY ONE

eees7 ¥ ENDADD $F1B7 BUILDS BEGIN-END 16 BIT ADDR

00053 ¥ HEXASC $F114 CONVERTS HEX TO ASCII

00059 ¥ INCHR $F@E2 INPUTS ONE CHAR FROM KEYBD

e00s0Q ¥ INCRAM $F5B1 INCREMENTS THE RAM PAGE BY ONE

22081 ¥ INCROM $F5C2 INCREMENTS THE ROM PAGE BY ONE

000€E2 ¥ LFEED $F6238 LINE FEED ON THE R2ZHM

QRQES # 0UTS $F149 OUTPUT SPACE

000E4 ¥ OUTZ2H $F14D OUTPUT 2 HEX CHAR FOINTED BY X

QOVES ¥ OUTZHA $F14F OUTPUT 2 HEX CHAR IN A REG

200Ee6 ¥ OUTZ2HS $F147 OQUTPUT 2 HEX CHAR + SPACE

Q0087 ¥ OUT4HS $F1403 OUTPUT 4 HEX CHAR + SPACE .
200Ee8 ¥ QUTA $F1ZA DISPLAYS THE UNPACKED HEX CHAR. IN A
20089 %¥ OUTAB $F139 DISPLAYS THE UNPACKED HEX CHAR IN A AND B ‘
20070 ¥ OUTB $F12D DISPLAYS THE UNPACKED HEX CHAR IN B
200071 ¥ OUTCHR $F156 DISPLAYS THE ASCII CHAR. IN A

Qeve7z ¥ MESAGE $F198 OUTPUT DATA POINTED BY X

0073 ¥ PACKZB $F22F PACKS THE HEX CHAR. IN A INTO HEXBUF+2
20074 ¥ PACK4B $F233 FACKS THE HEX CHAR. IN A INTO HEXBUF
20B7S ¥ RMBKPT $FDFD REMOVES aNY SET BREAKPOINTS

Q0076 ¥ RTURN1 $FG0B CARRIAGE RETURN ON THE R2ZM

20077 ¥ SCROLU $FE72 SCROLL ONE LINE OF DISPLAY SCREEN
0078 ¥ SFTA4R 8F125 SHIFTS THE aA-ACC. 4 BITS RIGHT

Qo799 ¥ TERMIN $F@11 DETECTS AN RS232 TERMINAL PORT

peoae ¥ UNPACK $F122 UNPACK A INTO 'A(MSN)Y AND B(LSN)
eeoal ¥ UPDATE $F682 USED TO UPDATE 6845 CRTC

eeeadz *

00eas ¥ [/0 EQUATES

%0284 * ,

202035 8004 A I[OPIAD EQU $3004 THE PIAa ON THE [/0 BOARD
oe08ec 82065 A IOPIAC EQU $3205 IT’S COMMAND REG.

02037 8028 A ACIATS EQU #3008 TERMINAL RSZ3Z PORT

20082 8009 A ACIATD EQU $3009

QRRAaZ aevA A ACIAS EQU #a3een K.C. CASSETTE

o002e 8B A ACIAD EQU $300B

00031 8242 A CRTCAR EQU #$8e42 CRTC ADDR REG

2009z 8243 A CRTCDR EQU $8043 CRTC DAaTA REG

20093 aed44 A PIA1LAD EQU $8044 R2 KEYBOARD PORT

20094 8245 A PIA1AC EQU $3045

0009sS 8046 A PIAIBD EQU $3046 RZ2 OPTIONS

0ees6 8047 A PIA1BC EQU $8047
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02298
0¢299
20100
200101
28102
0103
20104A 8168
20105/ 8168
20106
0107
oe1ed
@109
eei1ie
ea111
e0112
02113
Q114
20115
ee116
00117
20118
00119
20120
00121
Q0122
20123
oe124
09125
Q0126
Q0127
Q0128
201293
20130
00131
00132
0133
20134
@135
20136
Q0137
20138
20139
o140
o141
oe142
22143
o144
20145
0e14€
Q0147
20148

D3BUGZ -

Fo4D
813A
813C

00038
8170
8154
a815C
815E
a16@
816z
164
8166
a810a
81@B
aiebD
81eF
8111
8111
8154
8156
FaaF
3130
8135
8115
at1a
8132
a137
8117
Soee
RGO
810F
8083
8134
FB44
817F

a81z4
8125
81ze6
8127
8129
81ZB
8104
8186
8t1ea
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*MAKING IT HAPPEN IN MEMORY SYSTEMS®

x .
¥ SYSTEM EQUATES FOR D3BUGZ
¥*
ADDXA EQU $F94D ADD A TO X
BEGA EQU $313A BEGINNING ADDR. STORAGE
ENDA EQU $813C END ADDRESS STORAGE
ORG $3168
BEGOPT RMB 8 OPTIONAL REGS. ADDR. TABLE
ENDOPT EQU E 3
CCOUNT EQU $315A CHARACTER REGISTER
LCOUNT EQU $315C LINE REGISTER
LSCREN EQU $815E LINES PER SCREEN-1
CLINE EQU $8160 NUM CHAR/LINE :
STARAD EQU $8162 STARTING ADDR OF DISFLAY RAM
CURPCS EQU $3164 CURRENT ADDR OF CURSOR
LINEAD EQU $31i66 LINE ADDRESS
TERM EQU $&10eA RS232 TERMINAL FLAG
CUTEMF EQU $310B XTHPE
CTEMP EQU $310D
STEMP EQU $810F
TEMPX EQU $3111 XTMP3
XTMF3 EQU TEMFX
CRFLAG EGQU $3154 CARRIAGE RETURN FLAG
DISFLG EQU $3156 CONTROL FLAG FOR REGISTER DISPLAY
ENNMI  EQU $F8AF ENABLES THE FRONT PANEL KEYBOARD
EXFLG EQU $3130 EXTERNAL ROM PRESENCE FLAG
FLG24 ~EQU $3135
FORMaT EQU $8115
HEXBUF EQU $3118
INIT EQU $a8132
INITZ EQU #3137
KEY EQU #8117
MEMETR EQU $9000 BEGIN ADDR DISPLAY MEMORY
MEMEND EQU $AGO0O END ADDR+1 DISPLAY MEMORY
NMBTRC EQU STEMP NUMBER OF TRACES TO EXECUTE
FPAGERG EGU $3033 PAGE REGISTER
ROLFLG EQU #8134 FLAG TO CONTROL ROLENT
ROLENT EQU $FB44 HEX PACKING ROUTINE I[N D3BUG
SP EQU $817F TOP OF MONITER STACK
¥
¥ USER’S REGISTERS STORAGE LOCATIONS
*
ucc EQU $3124
UB EQU $3125
ua EQu #2126
Ux EQuU $8127
UrC EQU #3129
usp EQU $#81ZB
UNMIV  EQU $ai04 USER'S NMI VECTOR
UIRGY EQU #8106 USER’S [RQ VECTOR
USWIVY EQU #3108

USER’'S SHI VECTOR
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00150 ¥ :
e0151 ¥ INIT CRT, SET SCREEN DIMEN, CLEAR SCREEN

eeis2 *

00153A FOOQO ORG $Fo00

00154A FOOO 55 & FCB $55 ~ ROM FLAG

001554 FoO1 An A FCB  $AA

e0156A FOO2 7E F@37 A JMP  ENTH START OF D3BUG2

201574 FO@S 7E FOAS A JMP CONTRL  REENTRY POINT OF D3BUGZ2

ee158A FOO8 7E F37B A JHP EXGET GET EITHER AN ADDR. OR A BYTE
@01594 FeOB 7E F156 A JMP OUTCHR  OUTPUT A CHARACTER

00160A FOOE 7E F363 A JMP EXKEY TEST FOR A KEY

00161 *

00162 % INTERROGATE HARDWARE FOR RS232 TERMINAL

00163 *

@e164A Fe11 7F 810A A TERMIN CLR TERM SET UP TERMINAL FLAG

001654 FO14 7F 80@5 A CLR [OPIAC CLEAR THE [/0 PIA ‘

P2166A FO17 86 AA A LDAA  #$AA

@0167A FG19 B7 8004 A STAA IOPIAD CHECK FOR A PIA

@e168A FO1C Bi 8004 A CMPA  IOPIAD

@2169a Fe1F 26 14 FO35 BNE ENDTER  NOT THERE CONTINUE ON

@0170a FO21 7F 8004 A CLR [OPIAD  MAKE THE PORT ALL INPUTS

@0171A F224 86 04 A LDAA  #4

@e172A .FO26 B7 3005 A " STAA [OPIAC  CHANGE TO THE DATA REGISTER
®0173a FO29 44 LSRA ; | LOOK FOR TERMINAL FLAG AT IOPIAD
@0174A FO2A B4 8004 A ANDA  [OPIAD TEST FOR RS232 OPTION

001754 FOZD 27 06 FO35 BEQ ENDTER  NOT IN RS232 MODE

00176A FO2F 86 08 A LDAA  #8 HASH OFFSET FOR INIT. SCREEN SIZE
®0177A FO31 7C 810A A [NC TERM YES, TALK TO AN EXTERNAL TERMINAL
60178A FOB34 39 RTS SKIP THE CRT INITIALIZATION
0e179a FO35 4F ENDTER CLRA INIT. THE RZ BOARD .
00180A FO36 39 RTS

021814 FO37 CE 81FF A ENT1 LDX *$81FF

ee182A FO3A FF 81ZB A STX UsSP

0e183A FO3D 8E 817F A LDS #SP

00184A FO40 CE F42B A LDX #REGRMB INITIALIZE THE USER SWI VECTOR
P0135SA FO43 FF 81028 A STX USHIV

Pe186n FO46 BD F8AF A JER ENNMI - ENABLES THE FRONT PANEL KEYBOARD
02187A FB49 BD FCES5 A JER CLR CLEAR OUT THE BREAKPOINT TABLE
201838a FO4C 8D C3 Fet1 BSR TERMIN CHECK FOR TERMINAL MODE

e2189a FR4E 26 ZA FO7A BNE ust - SKIP THE RZ INIT.

o219 Fes5@¢ A CRTINT EQU ¥
e0191Aa FO5@ BD FB99 A JSR CLEAR CLEAR DISPLAY MEMORY

0’1924 FBS3 7F 8045 A CLR PIAalAaC CLEAR A SIDE PIA

220193Aa F@56 7F 8047 A CLR PIA1BC CLEAR B SIDE

00194a F@53 7F 8044 A CLR PIALAD SET Pae-~-FA7 AS INPUTS

02195A F@5C 7F 8046 A CLR FPIA1BD SET KEYBD DDR AS INPUTS

22196A FOSF 86 04 A - LDAA *#04

200137A F@61 B7 8047 A STAA PIA1BC SET CONTROL REG FOR DDR ACCESS
2133n F@E4 B7 B045 A STAA PIAalAC SET CONTROL REG FOR DDR ACCESS
02193a F@E7 BE 8468 A LDAR FPIALED GET RZ DISPLAY FORMAT COLDE
eozeeA FOBA BD F125 A JBR SFTA4R

Qe221A FRED 84 oC A ANDA #%C

o0zeza FeeF 81 oC A CMFA *#4C

00293A FO71 27 12 FO8a5 BEQ USERS

02204A FO73 FE& 8044 A LDAB PIA1AD CHECK RZ OPTION REG. FOR EUROPEAN
QOZ20QSA FR76 ZA ©0Z FO7a BPL us1 NOT SET

90Z06A FO78 8B 02 A ADDA *2 POINT TO EUROPEAN HASH TABLE
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@0208 *
00209 % CALCULATE DISPLAY FORMAT ADDRESS

00210 *

00211

00212 Feva A US1 EQU *

0@213A FB7A CE F774 A LDX #CRTADD STARTING ADDR. OF FORMAT TABLE
@e214A FO7D BD F94D A JSR ADDXA CALCULATE THE HASH OFFSET
ee215A Fe80 EE 00 A LDX @, X GET ADDRESS OF SCREEN FORMAT TABLE
eezicA Fe82 FF 8115 A US2 STX FORMAT  SAVE FOR LATER

@0217A FO85 BD FEAI A USERS JSR CRTIZ INIT CRTC

00218

00219 *

20220 ¥ [INIT PIA KEYBD,ACIA K.C. CASSETTE/ TERM

eo221 * ‘

00222

00223 Feaa8 A ENT EQU *

00224A FOBR 7F 8044 A CLR PIAtAD  SET KEYBD DDR AS INPUTS

@e225A FOBB 86 04 A LDAA  #804 SET KEYBD FOR NEGATIVE STROBE
@0226A FO8D B7 8045 A STAA  PIA1AC

ee227a FO90 4A DECA RESET CODE FOR ACIA (3)

00228A FOS1 B7 800A A STAA  ACIAS RESET CASSETTE ACIA

@e229A F@94 B7 8008 A STAA  ACIATS  RESET TERM ACIA $8008

002304 FOO7 86 15 A LDAA  #$15 SET UP ACIA FOR DATA TRANSFER
@e231A FOS9 B7 3008 A STAA  ACIATS  Jmpe  Foeo [ & 60 ool
eezsz Fesc @& ENTZ  EQU *

@0233A FOSC BD F613 A JSR CRLF MAKE THE PROMPT LEFT JUSITFIED
@e234A FOIF CE F780 A LDX $MCL2 PRINT HEADER

@02354 FOAZ BD F198 A JSR MESAGE  PRINT DATA STRING
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@ez37 L3333 3323233332232 3233333233332 2222223222333 33 333333323439 ‘
00238 *

0ez39 ¥ MAIN COMMAND/CONTROL LOOP

ovzZ40Q *

20241 E3333 3333233 3323333333333333333333333 333333333233 383333333°33
20242 F2aS A CONTRL EQU *

00Z243 *

0244 ¥ RESTORE STACK POINTER REGISTER

00245 *

20248A FOAS 8E 817F A LDS *#SP SP HWAS [INITIALIZED EARLIER
00247 ¥

0zZ43 *

00248A FOA8 7F 8137 A CLR INIT2 INITIALIZATION FLAG

ee25pA FOAB 7F B12F A CLR NFLAG CLEAR THE TRACE FLaG

20251A FRRE 7F 8158 A CLR XTRFG CLEAR THE D3BUGZ TRACE FLAG
00252A FOB1 BE 8088 A LDAA $302a8 CLEAR Pla INTERRUFPT FLAG
Q0253A FOB4 86 o1 A LDAA #1

ee254n F@BE B7 8130 A "STAA EXFLG SET THE EXTERNAL ROM FLAG
00255A F@OB9 BD FEB19 A JSR- CRLF NEW LINE

09256A FOBC 86 3D A LDAR *'=

Q025VA FOBE BD Fi56 A JSR QUTCHR FRINT THE PROMPT "="

00253 *

Q0259 Fect a CTRL1 EgQU *

@ez260A F@C1 8D tF FOEZ » BSR INCHR GET AN ASCII CHARACTER

0e261A FBC3 CE FECF A LDX #FCTABL X:= ADDRESS OF JUMP TaBLE
eeze2z FeCe A NXTCHR EQU *

00263~ FOCE At 0@ A CMPA o.,X DOES INPUT CHAR MATCH?

2264~ FOC8 Z7 @A FOD4 BEG GOODCH YE3, GOTC APPROPRIATE ROUTINE
QOZESA FOCA @8 ‘ INX ELSE, UPDATE INDEX INTO TABLE .
00z66A FRCE 08 I[NX

20267A FOCC @38 I[NX

Qe26a8A FOCD 8C F708 A CPX #FCTBEN END OF TABLE REACHED?

2R269A FODO 26 F4 FoOCe BNE NXTCHR NO, TRY NEXT CHAR

00270 F@DZ Ze D1 F@AS BRA CONTRL

0271

eez72z %

0273 ‘ ¥ EXECUTE THE COMMAND ROUTINE

0274 *

RRZ7S

20276 Feb4 A GOODCH EQU *

ee277A FoD4 81 Z0@ A CMPaA *#8$20 TEST FOR COMMAND CHAR.

@0278A FODE ZD @4 FeDC BLT CH1 IT IS A CONTROL KEY DO NOT PRINT
0e279a FED& 8D 7C F156 BSR OUTCHR PRINT COMMAND

Q0zaea FoDA 8D 6D F1495 BSR ouTSs OUTPUT SPACE AFTER COMMAND
0e281A FeDC EE o1 A CH1 LDX 1,X GET ADDRESS FROM JUMP TABLE
0e23zA FODE aD oe fa JSR @,X GOTC APFROPRIATE ROUTINE

00Z233A FREQ ZO C3 FOAS BRA CONTRL
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202385
o236
o237
eezas
R0Za3%
QOZBe
202914
QGZ9ZA
Q0293A
Q0zZ94n
POZI5A
ROZ9BA
RRZ237A
02934
202934
pe3een
e0301A
po3ezA
20303A
%0304
00365
20306
0307
ee3e8
o309
0231eA
Q0311A
ee312A
223134
203144
@2315A
Q0316A
P@317R
20318A
02319A
2R320A
P03Z21A
QO32Z2A
0323
00324
Pe325
QO3Z6
PR3Z27
ee3zad
QB3ZoA
G330/
QO331A
PB33ZA
Q0333H
@334A
20O335A
PR336A

oe7

FeEZ
FQED
FOE?T
FeEn
FQEER
FOED
FoF@
FOF2
FOFS
FerFe
FRF8
FeFB
FOeFD

FOFE
F100
Flez2
Fled
F106
Fies
F1oA
Flec
F10E
F110
F111
F112
F113

F114
Fi16
Fi18
FiiA
F11C
FL11E
F11F
F121
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7D
27
BE
47
z4
B&
zZe
B
48
z4
B&
84
38

ao
ZB
a1
zZF
81
ZE
a1
2E
ae
ecC
39
oD
39

at
2E

a1

ZE

3B
39
ag
39

atea A
@R F@Fz
aeead A
FAa FRE7
3e09 A
02 FeFB
@45 A
Ea FOEZ
ded44 A
7F a

3e A
1@ F112Z
es A
en F110
11 a
@8 F11Z
i6 A
@4 Fiiz
e7 A

eF A
Fa Fi1z
23 A
®3 F11F
30 A
37 A

R 111111133333 1333 3313333 3333$33333 3233332333 2282338

¥
¥ KEYBOARD INPUT ROUTINE
¥
ot $ 11131111111 2331333333311$+333322338223332 3223232228222

* .
INCHR TST TERM IN TERMINAL MODE?

BEGQ INCHR1 = NO, INPUT FROM KEYBOARD
[INCHLP LDAA ACIATS READ ACIA COMMAND REGISTER
ASRA
BCC [NCHLF.
LDRA ACIATD GET INPUTTED DATA BYTE
BRA ENDINC '
INCHR1 LDAA PIAL1AC INPUT FROM THE PlAa € 8245
ASLA CHECK FOR INFUT
BCC [NCHR NGO DATA TRY AGAIN
LDAA PIALAD [INPUT CHAR.
ENDINC ANDA #8$7F STRIP OFF UNUSED BIT
RTS

%¥¥¥%*%ﬁ%%%%*!%**%%%*!*%ﬁ%**%**%%%!&*#%***%****!**%!&**K%

* :
¥ ASCHEX CONVERTS ASCII UPPER CASE AND NUMBERS TO HEX

#*
¥X*!%¥¥¥¥¥%!!*%*!X%¥¥!¥¥¥¥¥¥!*!%*%%%ﬁ%***%%%%*%¥¥¥¥¥¥¥¥¥¥

¥

ASCHEX SUBA  #$30
BMI ENDASC .
CMPA 49 IS IT & NUMBER?
BLE RETASC IT IS RETURN WITH NUMBER
CMPA  #811
BMI ENDASC  NOT A HEX NUMBER
CMPA %816
BGT ENDASC  NOT A HEX NUMBER
SUBA  #7 CONVERT TO HEX
RETASC CLC
RTS -
ENDASC SEC o NON-HEX
RTS '

.36 363 30 O N0 I 00 3K 306 36 96 96 396 30 O 36 3 000G 300306 30 30306 396 06 96 36 6 06 06 96 0606 06 96 0626 06 G 06 306 06 06 06 6 36 36 30 606 362

¥
% HEX TO ASCII CONVERSION (UNPACKED HEX)

¥
Tt I T 113113 T 1131122323333 332333332323 23 2322t

*

HEXASC CMFA  #%F A NUMEER?

BGT ENDASC

CMFA %9 ;

BGT ALPHA NO, MUST BE AN ALPHA

ADDA  #$30 CONVERT

RTS ~
ALPHA ADDA = #$37 CONVERT TO ASCII

RTS
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00338 %

20339 ¥ UNPACK HEX NUMBERS

00340 *

00341na F122 16 UNPACK TAR L

003428 F123 C4 OF A ANDB *&F PUT LSN IN B

P0343A F125 44 SFTA4R LSRA

00344n F126 44 LSRA

00345A F127 44 LSRaA

00346A F128 44 v LSRA

003474 F129 38 RTS

20343 ¥¥% OUTPUT ACCUMULATORS WITHOUT CHANGING THEM
00349 ¥

90350a FiZA 36 ouTA PSHA SAVE IT FOR RETURN
©0351A F12B 20 @2 F12F BRA OUTARN

00352 %

00353 v ¥

00354 *

@0355a F12D 36 OUTB PSHA SAVE IT

ee3ssA F12E 17 TBA

e0357a F12F 37 OUTARN PSHE

0e358n F13¢ 8D E2 F114 BSR = HEXASC CONVERT

90359a F132 25 @2 F136 BCS NOUT NOT HEX

92360A F134 8D 20 F156 BSR  OUTCHR

00361A F136 33 NOUT PULB

p0362A F137 32 PULA

ee363a F138 38 : RTS

00364 *

003654 F139 8D EF F12A OUTABR BSR ouTa - OUTPUT A ACC.

- @0366A F13B 206 FO F12D BRA OUTB OQUTPUT B ACC.

00357 ¥

20368 ; ¥ OUTPUT PACKED HEX

20369 *

eo37en F13D CE 8118 A HXBUF® LDX $HEXRBUF OUTPUT 2 BYTE BUFFER
00371A F140 8D @B F14D OUT4HS BSR OUTZH

00372A F142 20 03 F147 BRA OUTZ2HS

003737 F144 CE 811A A HEXBF2 LDX #HEXBUF+2 OUTPUT 1 BYTE BUFFER
00374n F147 8D 24 F14D OUT2HS BSR OUT2H

00375a F149 86 2@ a ouTs LDAA *520 A SPACE

Q0376A F14B 20 03 F1i158 BRA OUTCHR

20377 ' % »

0373 ¥ UNPACK AND OUTPUT BOTH NIBBLES IN ASCII
2379 ¥ :

Q03aRA F14D A6 00O A QUT2H . LDAA 0,X% GET PACKED BYTES
e0381ta F14F 8D D1 F122 OUTZHA BSR UNPACK UNPACK INTO A AND B ACC.
P038zA F151 8D D7 F12A BSR ouUTa OUTPUT BOTH ACCS.
e0333A F153 @8 INX NEXT BYTE

00384A F154 2@ D7 F12D BRA OUTR






