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INTRODUCTION

This Manual describes the functions and operation of the Z-89/90 Monitor
Program, MTR-90, which is contained in a read-only memory (ROM) on the
Z-89/90 CPU board. Some of the major features of MTR-90 include:-

Disk system bootstrap routines.

Memory contents display and alteration.

Program execution control.

Variable radix settings for display addresses and conversion.

Input/output to specified ports.

Memory diagnostic routine.
In addition, by means of a flag byte maintained in read/write memory, MTR-90

can be instructed to bypass some or all of its normal functions. In this manner, a
sophisticated user can augment or replace these functions.
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THEORY OF OPERATION

This section supplements information in the ““Operations” and “‘Circuit Descrip-
tion” sections of your Z-89/Z-90 Operations Manual. In order to use all of the
features of MTR-90, it is necessary to understand the 8080 and Z-80 opcodes and
the circuitry of your Z-89/90. This section details the operation of MTR-90. For a
listing of the MTR-90 program, see Appendix A.

Power Up and Reset

MTR-90 initializes the Z-89/90 whenever you apply power to or reset the com-
puter. To power up, use the switch on the right rear of the Z-89/90. To reset,
simultaneously press the RESET key and the right-hand shift key on the
keyboard. When reset, MTR-90 sounds the electronic “‘bell” and displays the
“H:” prompt on the terminal screen.

During the initialization procedure, MTR-90 determines the high limit of con-
tinuous RAM. Once MTR-90 has established this high memory limit, the Z-80
stack pointer is set to the value of the upper memory limit. Then MTR-90 enters a
loop and awaits a command.

General Operations

When you power up or reset your Z-89/90, MTR-90 responds by clearing the
screen and displaying “H:”. This ““H:” prompt informs you that MTR-90 is ready
torespond to commands. When you enter a character, MTR-90 will either accept
it, completing a command word, or beep, which signifies an invalid command
word or an inability to boot.

The DELETE key kills a partially entered line and causes MTR-90 to return the
“H:* prompt. This is useful for correcting typing errors.

Clock Interrupts

The clock interrupt is a crucial element in the operation of the Z-89/90. It is a
level one interrupt, and is generated on the Z-83/90 CPU board every two
milliseconds. MTR-90 maintains a tick counter called “TICCNT”, which counts
one tick every 2 milliseconds. Refer to the listing in Appendix A for the location
of TICCNT.

Note that MTR-90 uses interrupts, so you should not disable interrupts using the
DI instruction for other than very short periods of time. MTR-90 also requires a
stack pointer at the top of memory with at least 80 bytes of stack area.

NOTE: In this manual, the symbol A means press the space bar and € means
press the RETURN key.
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MTR-30 COMMANDS

The following section summarizes valid commands to MTR-90. Each command
is listed in alphabetical order along with a brief explanation and examples. You
need only enter the first letter of these commands — MTR-90 will respond with
what is enclosed in parentheses. In most cases, you will need to press RETURN
before MTR-90 will respond. Where a command requires numeric input, we
have used the hexadecimal, octal, and split octal number bases.

B(oot)

Typing B(oot) and pressing RETURN initiates boot from drive 0 of the disk drives
which have been configured for primary boot using SW501 switch 4 (see Ap-
pendix D). This command may optionally be followed by a unit number which
specifies a drive other than drive zero. The unit number may be optionally
followed by a command string which begins with a colon. The command string
is currently used only by those Heath/Zenith operating systems which support
the H/Z-67 Winchester disk subsystem. For more detailed information about
how MTR-90 accomplishes bootstrap, see Appendix A.

If the boot fails, the computer will display a question mark, beep, and display the
H: again. The possible causes for a boot failure include:

1. The boot device is not activated within 15 seconds.
2. The DELETE key is pressed during boot.

3. Switch SW501 is not set properly.

4. A disk error occurs.

The DELETE Key cancels the B(oot) command and repeats the H: prompt, unless

boot has already begun, in which case the system displays the message “?Boot
Error”.
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EXAMPLE 1: Boot from unit zero of the primary boot drives.
H: B{oot) @

EXAMPLE 2: Boot from unit 2 of the primary boot drives.
H: B(oot)2 @

EXAMPLE 3: Boot from primary boot Z-67 unit 2, passing the command line
“HDOS;1” to the secondary Z-67 boot routine.

H: B(oo0t)2:HDOS;1 &
B(oot) S(D)
The B(oot) S(D) command initiates boot from unit zero of the drives which have
been configured using SW501 switch 4 as secondary boot drives (see Appendix
D). This command may optionally be followed by a unit number which specifies
a drive other than drive zero. The unit number may be optionally followed by a
command string which begins with a colon. The command string is currently

used only by those Heath/Zenith operating systems which support the H/Z-67
Winchester disk subsystem.

If the boot fails, the computer will display a question mark, beep, and display the
H: again. The possible causes for a boot failure are:

1. The boot device is not activated within 15 seconds.

2. The DELETE key is pressed during boot.

3. Switch SW501 is not set properly.

4. A disk error occurs.
The DELETE key cancels the B{oot) S(D} command and repeats the H: prompt,
unless boot has already begun, in which case’the system prints the message
“?Boot Error”.
EXAMPLE 1: Boot from secondary boot drives, unit zero.

H: B(oot) S(D) @

EXAMPLE 2: Boot from unit 2 vof the secondary boot drives.

H: B(oot) S(D)2 &
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EXAMPLE 3: Boot from secondary boot Z-67 unit 2, passing the command line
“HDOS;1” to the Z-67 boot routine.

H: B{oot) S(D}2:HD0OS;1 @
C{onvert)

The C(onvert) command converts a sixteen-bit number specified in the opposite
radix to the current radix. To set the current radix, see the R{adix) command on
Page 9.

EXAMPLE: Convert FFFF hex to split octal, where octal is the current radix.

H: (C(onvert)FFFF &
377377
H:

G{o)
The G(o) command initiates a user program, beginning at the address specified
in the current radix as an argument to the G(o) command. If no argument is
supplied with the G(o) command, then execution begins at the address con-
tained in the program counter.
EXAMPLE: Go to address 40200 octal.

H: G(o0)40200 @

I(n)

I{n) inputs a number from the port specified as an argument to the I{n) command.
The port number must be specified in the current radix.

EXAMPLE: Input data from port 177 octal, where octal is the current radix.
H: I{n)i77 @

370
H:
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O(ut)

The O(ut) command outputs the specified data to the specified port. The first
number is the port, and the second the data. Both values should be expressed in
the current radix, and should be separated by a comma.

EXAMPLE: Send FF out port A7, where hex is the current radix.
H: O(ut)A7,.FF @
P(rogram Counter)

The P(rogram Counter) command sets the current address in the program
counter. This command is used to specify the object of the G(o}) command. The
address specified should be expressed in the current radix.

Simply typing P and RETURN causes the system to display the current contents
of the program counter and then to await a new value. Typing P followed by a
value sets the PC to that value. Typing P and RETURN, then pressing RETURN

again without entering a value terminates the command and does not alter the
PC.

EXAMPLE 1: Set the program counter to 100 hex, where the current radix is
hexadecimal.

H: P{rogram Counter) 100 @
H:

EXAMPLE 2: Display the contents of the program counter without altering its
contents.

H: P(rogram Counter) &
FFFF &
H:

EXAMPLE 3: Set the program counter to 40100 octal after examining the
current value, where the current radix is octal.

H: P{rogram Counter) &
377377 40100
H:

Note that the operator entered the 40100 in this example.
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R(adix)
The R{adix) command sets the current working radix for all other commands.

Valid arguments to radix are O(ctal) and H(exadecimal). The default current
radix on power up is octal. Typing R and RETURN with no argument displays
the current radix.

EXAMPLE: Set the current radix to hexadecimal and then check it.

H: R(adix) H{exadecimal)

H: R{adix} )
Hexadecimal

H:

S{ubstitute)

The substitute command can be used to examine or alter the contents of a
memory location. The argument to S{ubstitute) is the first address to be
examined (and optionally changed). When the starting address has been entered
and terminated by pressing RETURN, the system displays address/value pairs.
To replace the old value with a new one, type a new value, then a space. To
proceed to the next memory location, type a space without entering anything
else. To examine a previously displayed memory location, type a hyphen. To
terminate, press RETURN.

EXAMPLE: Modify address 40100 octal, where octal is the current radix, then
check the memory location.

H: S{ubstitute) 40100 @
40100 000 377 a [operator types 377 and a space]

40101 000 - [operator types a hyphen]
40100 377 @& [operator presses RETURN]
H:

T(est Memory)

The T(est Memory) command initiates the RAM memory test. The test references
memory locations in the current radix. Error messages report the addresses of
any bad memory locations.
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V(iew)

The V(iew) command displays the contents of blocks of memory on the screen in
the current radix and in ASCIIL. Non-printable characters appear as a graphics
dot. Characters with the high order (parity) bit set appear in reverse video. The
display begins at the first address specified, and continues through the second
address. Starting and ending addresses should be separated with a comma.

If no starting or ending address is given, or if an address of zero is specified as the
starting or ending address, the display begins at zero. V(iew) displays 128 bytes
of data in octal if the current radix is octal, or 256 bytes in hexadecimal if the
current radix is hexadecimal. Subsequent V{iew) commands which do not sup-
ply an argument display the next 128 or 256 bytes, depending on the setting of
the current radix.

EXAMPLE 1: View the contents of memory locations 2280 through 2300 hex,
where hexadecimal is the current radix.

H: V(iew)2280,2300 @&
2280 20 21 32 23 24 25 26 27 28 29 24 2B 2C 2D 2E 2F 1Y#$%&' () *+,—./
2290 20 21 22 23 24 25 26 27 28 29 2A 2B 2C 2D 2E 2F I"#$%&' () *+.-./
H:

EXAMPLE 2: View the contents of memory locations 0000 through 0128,
where the current radix is octal. Then proceed to examine the
next 128 bytes.

H: V{iiew) @

000000 303 000 004 041 012 040 303 073 (€Joo ' o (¢}
000010 000 315 132 000 026 000 303 201 QO Fa’lz o o o{clo
oMz o ofclglo

000020 000 315 132 000 D32 303 244 001

000470 037 040 361 361 301 321 341 373 Olgg AQad

H: V{iew)
000200 311 052 033 040 043 042 033 040 * 0 # "0
etc.

EXAMPLE 3: View memory locations beginning with 2280 hex and continu-
ing for 256 bytes, where hexadecimal is the current radix.

H: V(iew) 2280, @
2280 4A 4A 4A 44 ... 44 JJJIJJJIIIIIIIIIII

2370 4A 4A 44 4A ... 44 JJIIIIIIIIIIIIII
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PROGRAM EXECUTION CONTROL

When debugging an assembly language program, you can use MTR-90 com-
mands to set breakpoints at, and continue execution from, various points in the
program. Debugging can take place at any location above the lower 4K of
memory. Be careful not to attempt to debug a program in the lower 4K of
memory, as this area is occupied by MTR-90.

To set a breakpoint, use the S(ubstitute) command and put an HLT (hexadecimal
76, octal 166) instruction wherever you want the program to stop.

When your program reaches the breakpoint HLT instruction, it will return
control to MTR-90 which will display an “H”, then advance to a new line and
display “H:”. You can then use any MTR-90 command.

To continue your program, first restore the byte in the location into which you
placed the breakpoint HLT. Since the computer had to execute the HLT instruc-
tion, the PC will point one beyond where you placed the HLT. To continue,
decrement the PC value by one. Do this by entering the P(rogram Counter)
command and pressing RETURN. When MTR-90 has displayed the current value
of the PC, subtract one from that value, then enter the result into the PC.

You can alternatively use the G(o) command to start the program from whatever
address you prefer, including from the location where you put the HLT.

Note that if the program which you are debugging uses keyboard interrupts, your
program may contend with MTR-90 for console input. Your program should see
every character input because the program receives the input via interrupts. But
if the MTR-90 checks the keyboard for input after your program, the MTR-90 will
not receive the input and no characters will be displayed on the screen. In other
words, the fact that your keyboard input does not appear on the screen during

program debugging using breakpoints does not mean that your program is at
fault.
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Appendix A

MTR-90 Listing

This appendix contains a listing of MTR-90. This program contains control
routines for primitive keyboard input and screen output. MTR-90 needs availa-
ble RAM in locations 2000H (040 000 octal) to 203FH (40 077 octal) and from
2150H (41 120 octal) to 2155 (41 125 octal). MTR-90 also needs 80 bytes of stack
area in high memory.
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