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W65C134 Monitor ROM ($F000)
Reference Manual

Thank you for choosing the sate-of-the-art features of the W65C134 microprocessor from Western Design Center. This manual
describes the internad ROM monitor developed by the Com Log Company, Inc. for the W65C134 microprocessor.

For best results, we recommend that you please carefully read this manua completely before you attempt to use the W65C134
monitor. Thismanua contains important information on the proper operation of the monitor and it's library of subroutines.

MONITOR PRE-REQUISITES

1 A W65C134 microprocessor from Western Design Center. Configuration:
o The default clock (CLK) for the W65C134 must operate at
32,768 Hz.
o No external RAM or EPROM or 1/O is hecessary.

2. This monitor expects a terminal (or computer emulator) to be connected to the
serial UART port. The terminal/interface must be configured as follows:

All signals must be converted to TTL levels.

Hardware handshaking.

8 bit data.

No parity.

9600 Baud (Unless otherwise noted).

0000

3. External elements must not conflict with the W65C134 monitor memory mapping:
O  Address range $0100-$01FF is reserved for stack space in

external RAM.

Address range $0200-$7FFF is available for user memory.
(Monitor assumes RAM.)

Address range $8000-$9FFF is available for user memory.
(Monitor assumes EPROM.)

Address range $A000-$EFFF has been used by Com Log BASIC
and other products in external EPROM. It is available for user
programs in non-conflicting applications.

©c O O
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NOTICE

The Western Design Center, Inc. has made every atempt to ensure that the information in this manua is complete and accurate.
However, WDC assumes no liability for errors, or for any damages that result from the use of this document or the W65C134
Mi Croprocessor.

Users of the W65C134 Monitor firmware should note that it is both possible and reatively smple to connect any microcomputer
equipment to external devices, and then to harm or destroy those devices (or anything that they may control).  WDC assumes no
ligbility for any connections or use of the W65C134 microprocessor and associated firmware.

Nothing herein shdl be construed as a recommendation to use the W65C134 in violation of existing patents or other rights of third
parties.

Information in this document is subject to change without notice and does not represent a commitment on the part of The Western
Design Center, Inc. or The Com Log Company, Inc. for future products.

W65C134S Monitor ROM Reference 5



W65C134S Monitor ROM Reference



Tabl

W65C134 Monitor Configuration
External Clocks

Restrictions On Application Software

Memory Map Assumptions,........
Reset Initialization Sequence
L ow-Power Mode

User Console Operation ...
Command Entry
Debugging

D, Display Memory
E, Errors

Hor 2,HEp.......oooeeee.
J, Jump to subroutine
K, Regtart BASIC

W, S19output...........cocoevvens
X, Set Handshake M ode

W65C134S Monitor ROM Reference

e Of Contents

11

11
11
11
12
12
12
12
13
13
13
14
15
15
16
16
21

22
22
22

23
24
25
25
26
26
27
27
28
29
29

RRBBLOLREY



SErial 1O SUPPOIT ...t ee s sn e een s
Time-of-Day Clock Support
Programmable Alarm
Data Manipulation
Special FUNCHIONS ...t
Custom Commands

UPPER_CASE
VERSION L.ttt sttt en e en s eanan
WAI

W65C134S Monitor ROM Reference

36
37

41
41

SLRRRBA

49
49

51
51
52

55
56
57

59

61
62

65
66
67

69
70
71
72
73

74



FaN 0] 01 a0 [0/,
Appendix A - W65C134 Monitor Commands 75

Appendix B - W65C134 Monitor Subroutines 76

W65C134S Monitor ROM Reference



W65C134S Monitor ROM Reference

10



| ntr oduction

The W65C134 chip has firmware to handle interrupts, serid buffering, the red time clock, and the power down mode. It so has
a serid port user interface program, cdled the monitor. The monitor acts as a Smple operating system, adlowing the user to
examine regigters and memory, load and save programs, and debug applicationsin RAM.

The monitor is screened into the mask ROM onboard the W65C134 microprocessor chip. It will run on the W65C134 done, and
needs no ROM or RAM outside the W65C134 chip. 1t may be used with avariety of different circuits which use the W65C134.

WG65C134 Internal Hardware

The W65C134 microprocessor chip comprises a W65C02 CPU surrounded by RAM, ROM, severd 1/0O ports and timers, and a
serid UART. There are dso built-in specid controls for externa eements such as chip selects and clocks. All hardware features
of the WB5C134 chip are described in detail by Western Design Center.” This section will merdly review the main components.

Central Processor Unit (CPU

Development Tools
The Com Log Company, Inc. offers avariety of
hardware and software development tools for WDC
products. Theseinclude: THE PROJECT
COMPUTER, alow-cost prototyping platform for the
W65C134. Several "ROMable" software products are
also available.

The CPU on the W65C134 chip is essentially the W65C02 microprocessor from Western Design Center.”  It's instruction set is
compatible with mogt "65C02" microprocessors available from other sources. Numerous programming instruction books have
been published on this subject. Many software tools (i.e. compilers, assemblers, operating systems, etc.) are available to
developers from third party sources.

Random AccessMemory (RAM)

The W65C134 has 196 bytes of interna RAM. This RAM can appear in several places. The W65C02 CPU uses the area from
$0100 to $01FF as a stack, and the area from 0000-$00FF as specid page zero memory. (Page O memory can be used for short
addressing and for indirect addressng modes.)

If CS6isactive, then theinternal RAM appears from $0040 to $00FF. If CS6 is not active, then the internal RAM appearsin two
places - $0040 to $00FF, and $0140-$01FF. The sdection alows systems with externd RAM to separate the stack from page 0,
and users without externd RAM some memory in both the stack area and page 0.

Refer to WDC literature: W65C134 INFORMATION, SPECIFICATION AND DATA SHEET for details
A detailed description may be found in: W65C02 INFORMATION, SPECIFICATION AND DATA SHEET from WDC.
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Read Only Memory (ROM)

The W65C134 has a4K byte mask ROM from $F000 to $FFFF. This may be enabled or disabled by hardware. The mask ROM
is added to the chip as part of the manufacturing process. It cannot be changed by the user. On power-up or resst, the internal
mask ROM may be enabled by bringing up the BE line before the RESET line goes TRUE, and disabled by bringing up the BE
line after RESET line goes TRUE. If the internad ROM is enabled, 1/0 ports 0,1, and 2 initidize as usable 1/O ports. If the
internal mask ROM is disabled, 1/0 ports 0, 1 and 2 initidize to control the address and data bus.

I nput/Output (1/0) Ports

The W65C134 has alarge number of bi-directional 1/0 ports. Each port has a deta register and adata direction register. The data
direction register alows the program to select any bit as an input or an output. The data register allows the program to read inputs
or to write outputs. Both the data direction register and the data register can be read or written; the data direction register will read
back the last data written to it, and the data register will read the input lines or the data output, depending on the associated data
direction register bits.

If an I/O port is selected as an input, the physical input will act as a light pull up or pull down latch. If the input is high, a5
microamp pull-up is applied to the input. 1f the input islow, a5 microamp pull-down is gpplied to the input. Astheinput changes
from high to low or low to high, the pull up/down will abruptly change, thus 'pulling’ the line quickly through the middle, undefined
logic date.

Another festure of these devices is that they latch input data. If a device connected to the inputs and set to some vaue is then tri-
dated, the origina vaue will stay on the inputs due to the pull up/down latching.

1/0O ports 0, 1 and 2 can be selected as either generd 1/O ports, or as the address and data bus for the W65C02 processor. Typica
applications use these ports as the microprocessor bus. The only way they may be used as 1/0 portsis when a program is masked
into the ROM, and no external EPROM or RAM is used.

Clocks

The W65C134 has two clock inputs, called CLK (the default clock) and FCLK (a separate fast clock).  On reset, the W65C134
usesthe CLK oscillator to run the W65C02 core processor.

The second oscillator, FCLK, is under program control. Software has the option to turn it on or off, and to sdect it as the input
clock for the W65C02. On reset, this oscillator is turned off.

Programmable Timers

The W65C134 has four timers - timer 1, timer 2, timer A and timer M. Timers 1 and 2 are generd purpose, and can sdect elther
the FCLK or the CLK input astheir reference.
Timers 1 and 2 are usually used to provide asource of regular interrupts, and have several modes available.

Timer A can select ether the W65C02's clock (whichever it happensto be) or a separate input from pin 2 of the chip. Timer A is
used for the baud rate generator, and therefore can't be used for other purposesif the serid UART isinuse. Whennot inuseasa
baud rate generator, timer A can be used to output an exact frequency square wave from pin 3 of the chip.

Timer M isthe 'Watchdog' timer. If thistimer is never Started, nothing happens. Once started, it cannot be sopped by software.

Thistimer counts down, and pulls the syslem RESET line when it hits zero. It may be reloaded under program control to prevent it
from reaching zero. The purpose of Timer M isto provide away to insure that execution won't get caught in an infinite loop or
other error path. A macro or subroutine may be used to reload the timer from a variety of placesin the norma program flow. If
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an error prevents the software from operating properly, then the timer will eventudly reach 0. This will reset the W65C134,
hopefully alowing the application to regain control.

Serial Universal Asynchronous Receiver-Transmitter (UART)

The W65C134 has one serid port built into the chip. Enabling the seria port changes pins 2 and 3 on the chip from genera
purpose /O to receive and transmit data. The UART uses Timer A as a baud rate generator. The hardware provides one byte
buffering in both directions, parity generation and checking, and interrupts on RX full and TX empty. The nature of the operation
of the UART requires tha the serid routines use an interrupt for service. The W65C134's UART cannot easly be used in a
'Polled’ mode of operation.

Chip Sdects

The W65C134 has eight outputs which may be sdected as smple outputs or as chip sdects. The chip sdect outputs reduce
outside logic and provide sdects to externa devices when particular address ranges are in use. Enabling particular chip sdlects
may change the way interna RAM is accessed. The chip sdlects are discussed in detail in the W65C134 literature from Western
Desgn Center.

W65C134 Monitor Configuration

W65C134 MONITOR ROM DESIGN GOALS

QO The monitor must be able to be 'shut off*
that is it must exit to another program
immediately after reset if necessary.

QO The monitor must handle the serial port
on the W65C134, and must provide
routines such that another program can
easily use the serial port via the monitor.

QO The monitor must be able to load other
programs into RAM, and provide some
debugging capabilities.

QO The monitor must maintain atime of day
clock, and be capable of maintaining that
clock on minimum power.

Q  The monitor must fit in the $F000 to
$FFFF memory space.
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The firmware ingtalled from $F000 to $FFFF provides severa functions and utilities congstent with the prior desgn gods. These
include:

O Power-up & Rest Initidization

Q User Console Interface Logic

QO Redl-time Clock Support

Q Library of Utility Subroutines

The W65C134 isavery versatile chip, but this versatility comes at the price of acomplex initidization. The monitor firmware will
initidize the chip on reset to provide the proper memory mapping of internd and externd RAM and registers. The initidization
will aso set up the interrupts used by the rest of the firmware. The power up sequence is shown in the software listings.

The W65C134 monitor uses the seria port to alow the user/developer to access the hardware and gpplications software. 1t dlows
uploading and downloading of programs, memory and register ingpection and modifications, and general debugging. Complete
descriptions of monitor functions appear esewhere in this manud.

The firmware interrupt routine on timer 2 provides a complete red-time clock (RTC) implementation in RAM. The red-time
clock updates a sat of memory locations which can be read or written by any software. The red-time clock implementation dso
includes a configurable alarm function. The RTC interrupt handler will set aflag if the darm time matches the current time.

The W65C134 firmware aso contains many useful subroutines. A vector table is used to provide easy access from application
software.  These library routines include buffered serial functions, real-time clock support, and I/O control. Each of these
functions and its operation is discussed later in this manudl.

External Clocks

There are two clock inputs on the W65C134 chip. The default clock is called CLK. 1t must be connected to a 32,768 Hz watch
crysta (or comparable oscillator) if the W65C134 monitor ROM is to be used. This frequency makes the CLK oscillator a
excdllent time base reference (32,768 is 2", which easly dividesto 1 second). The crystd isavery low power oscillator, generdly
consuming lessthan 20 microamps. On reset, the W65C134 defaults to this oscillator to run the 65C02 core processor.

Helpful Hint #1
The Project Computer uses an FCLK oscillator of
24576 MHz. This particular frequency was chosen
because this clock source (FCLK) is also used for the
baud rate generator. The frequency, 2.4576 MHz, just
happens to divide down to provide very accurate seria
baud rates from 50 baud to 38,400 baud. - COM LOG

The second oscillator, FCLK (fast clock), is under program control. This oscillator is turned off upon hardware reset of the
W6E5C134. The FCLK frequency may be selected by the application designer. The W65C134 firmware will check the FCLK
speed againg the CLK frequency (which isALWAY S 32 KHz) during initidization. Thistest alows the firmware to select values
for the baud rate and system tick timers.
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Acceptable crysta vd ues® for FCLK include: 1.8432 MHz, 2 MHz, 2.4576 MHz, 3.6864 MHz, and 4.00 MHz. The values 2
MHz and 4 MHZ should be avoided if the serid port is used a high baud rates; the baud rate error becomes significant above
2400 baud with those crystals. It should be noted that this processor does not have a clock divider built in. This means that the
processor and memory cycle times are the same as a single dock time. Therefore, 2.45 MHz on the Project Computer is roughly
asfast asan 8 MHz IBM PC.

The W65C134 monitor firmware turns on the FCLK shortly after reset initidization. The monitor then waits for the FCLK
oscillator to stabilize, before sdlecting the FCLK as the operating frequency for the core 65C02. In most cases, this selection is not
changed - the processor adways runs from the FCLK. The one exception is power down. In this case, the FCLK isturned off and
the 65C02 coreis run from the low frequency, low power oscillator.

Terminal/User Console

This monitor expects a terminal (or computer emulator) to be connected to the serid port. The termind must be configured as
follows

O Hardware handshaking.

QO 8hitdata.

O No parity.

Q 9600 Baud (Unless otherwise noted).

Signa conditioning and conversion to/from TTL levelsto/from RS-232 (or other links) must be performed by externa circuitry.

The W65C134's firmware provides full interrupt control of the seria port, along with software buffering of transmit and receive
data. The user can sdlect the Size and placement of the software serid buffers. The W65C134 monitor designates two more 1/0
pins for hardware handshaking of the seria port. These are pins4 and 61. Fin 4 is used as an output, indicating the serial receive
buffer isready to accept data. Fin 61 isan interrupt input, and indicates to the monitor that the outside device can or cannot accept
data.

Restrictions On Application Software

The W65C134 has four timers - timer 1, timer 2, timer A and timer M. Timer 1 is used by the monitor for a system .001 second
interrupt, and timer 2 is used for a1 second, time of day interrupt. Timer A isused for the baud rate generator, and therefore can't
be used for other purposes. Timer M is the 'Watchdog' timer. It is not used by the W65C134 monitor, and is never enabled.
Application software may usethistimer. (Be careful in power down modes - it's not reset.)

The W65C134 monitor firmware assumes that 1/O ports 0, 1 and 2 will be used as the address and data bus for the 65C02
processor. They are used to access external EPROM, RAM and I/O.

3 Initial versions of the W65C134 did not support clock rates higher than the 2.4576 MHz crystal. This limitation isnot a

problem with the chips manufactured today.
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W65C134 Monitor Memory Map
Address Range Function
$0000-$002F  W65C134 internal registers.

$0040-$00FF  W65C134 internal RAM.

$0100-$01FF  W6E5C134 Stack Space in External
RAM.

$0200-$7FFF  External Static RAM.
$8000-$9FFF  EPROM for user programs.

$A000-$DFFF Com Log BASIC interpreter, if
installed.

$EO00-$EFFF Com Log externa firmware, if
installed.

$FO00-$FFFF  W65C134 Internal  ROM, monitor
firmware.

Memory Map Assumptions

The W65C134 monitor resides in the 4K byte mask ROM from $F000 to $FFFF. This may be disabled if desired. The monitor
executes an initidization sequence after reset occurs. It turns on the externa bus, checks locations $3000-$8002 and jumps to
$3004 if a'WDC' is found. Using this sgnaling, a system can be designed to gtart on the internal ROM, then switch under
software control to external ROM or RAM.

Anidentical set of semaphores (WDC') can existin RAM at location $0200 (with aJMP a $0204). Thisis checked immediately
after the semaphore at $8000 is checked. Using the $0200 semaphore, a program in RAM can restart after areset (but NOT after
apower down - externa RAM dataislogt).

The W65C134 uses $0140-$01FF as a stack, and the area from 0000-$00FF as specia page zero memory. (Page O memory can
be used for short addressing and for indirect addressng modes.) If there is no externd RAM in the system, these blocks both
actudly reference the same page of internal RAM.

Reset Initialization Sequence

The monitor was designed for the internal ROM of the W65C134. It assumes that the RESET vector is entered from an interna
ROM reset.”

Reset may be ether atriggered reset or a power-up resst. There is no smple way for the firmware to differentiate which reset
occurred. However, some semaphores (flags) in memory tell the monitor that certain aspects of the sysem have dready been
initidized. These should not be changed by the reset initidization sequence.

This means that the code is started with the BCR=00.
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There is a checksum associated with the time-of-day clock and baud rate. If the checksum is correct, then the time-of-day clock
has been running. If thisisthe case, the clock value and baud rate will not be re-initidized.

Helpful Hint #2
There is only way to get the time-of-day (ToD) clock or
the baud rate to completely reset under the W65C134
monitor. Completely remove power from the processor
long enough for the memory to scramble. (One minute
isusualy sufficient.)
- Com Log

The second reset semaphore is a three byte sequence in RAM indicate that the system is operating in low-power mode. If thisis
indicated, the reset initiaization sequence will jump to the " power down™ vector (NE46) immediately.

The following pages describe the steps taken by the W65C134 monitor from power-up (or triggered RESET) to a command
prompt. Thisisintended as an overview only; not a specific, line by line andyss of the code.
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STATE #0 - POWER OFF or Any previous powered state, including LOW-POWER MODE.
- RESET OCCURS! (This may result from POWER ON or atriggered RESET.)

STATE #1 - "Essentid initidization”
- Disableinterrupts
- Reset stack
- Clear decima mode
- Check for low-power semaphore;
If semaphoreis s, go to LOW-POWER MODE.
Else proceed to STATE #2.

STATE #2 - "Enable External Memory"
- St BCRto 01 (Thisturns on externa address and datalines.)
- Set PCS3 to $CO (Thisturns on RAM and ROM chip sdlects from the
W65C134.)
- Check location $8000-$8002 for the string 'WDC.
If the gtring is there, transfer control to USER program in EPROM. (M P $8004)
Else proceed to STATE #3.

STATE #3 - "Check Externd RAM"
- Check locations $0200-$0202 for the string 'WDC.
If the gtring is there, transfer control to USER program in RAM. (JMP $0204)
Else proceed to STATE #4.

STATE #4 - "Miscdlaneous Initialization™
- Start the fast clock. (Don't useit, just Sart it.)
- Initidize the RAM interrupt vectors.
- Delay whilefast clock becomes stable. (256 * 5 cycles)
- Switch to fast clock.
- Enable the NE46 interrupt, but not the overdl | bit.
(Thisinterrupt is used to detect power going down.)
- Set Timer 2 for a1 second interrupt (ToD timer).
- Enable T2 interrupt (but not the | bit yet).
- Set up pointersto the serid buffersin [P RAM.
- Cdculate thefast crysta frequency by comparing it to the 32 KHz clock
crystal.
- Findly, check the Time -of-Day clock checksum.
If the clock checksum isvalid, proceed to STATE #6.
Else perform additiond initidization in STATE #5.

STATE #5 - "Initidize Clock/lUART"
- Reset the Time-of-Day clock and reset the baud rate counters for the
serid port to the default values.
- Set up control port of seria port for Xmit and RX.
- Proceed to STATE #6.
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STATE #6 - "Check for $£000 EPROM"
- Check location $E000 for $4C.
If a$4C is present, transfer control to the Project Computer® program EPROM
for additiond initidization. (JSR $E000)
Else proceed to STATE #7.

STATE #7 - "Enable interrupts/Output startup message”
- Read the serid port to clear any initid trash data
- Enableinterrupts. (CLEAR THE | BIT)
- Output theinitial message to the serid port.”
- Execute a BRK ingtruction, which transfers control to the command interpreter.

> Com Log uses the EPROM addresses $E000-$EFFF in the Project Computer configuration for code which is specific to this

product. Other developers, with different configurations, may use this memory for other purposes. The W65C134 monitor will still
test location $E000 for $4C, and vector accordingly.

Small initial buffers and a handshake line held in the FAL SE state may cause the monitor to hang here waiting for buffer
space that will not be available until the handshake line goes TRUE. Verify cables and handshake signals are correct.
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L ow-Power Mode

The W65C134 monitor enters low-power mode when a "power-down" interrupt occurs. It accomplishes this by performing the
following sequence:

Q Shut down dl interrupts (except TOD clock).

Q Clear any pending interrupts.

O Reset the stack to FF.

O Write asemaphore seriesinto RAM to indicate that the system is powered down.”
QO Enable the power down routine.

Q Switch to the dow (default) clock and then shut off the fast clock.

Q Configureadl I/0 portsto inputs.

The power down routine will service the time-of-day interrupt. 1t will then check RAM for a semaphore series at location: $7E. If
there is a vdid power down routine in RAM, then locations: $7E = $55, and $7F = $AA. The RAM routine must begin a
location: $0088. If the semaphore indicates that alow power service routine existsin RAM, the monitor will transfer control viaa
JSR to location: $0088 once per second.

The RAM routine may do anything appropriate to the low-power mode. Bus operations are not dlowed. RAM locations: $40 -
$87 retain meaningful data during low-power mode, and RAM locations: $F8-$FF are used for the stack when servicing the time-
of-day interrupt. The RAM service routine should not modify these memory locations. Findly, it must return to the monitor, when
finished. It must execute an RTSingtruction.

After handling the RAM routine, if present, the monitor's power down interrupt service routine will determine whether or not power
has been restored. If power has returned to the system, it will initidize/restore afew key registers and then jump to RESET.

If aphysica reset occurs while the system isin low-power mode, this must be detected by the reset initidization sequence. 1t must
return to the power down code without restarting anything on the bus. The semaphore series to flag this condition is in locations
$7B = $55, $7C = $AA, $7D = $88. Theselocations are cleared to zero when not in low-power mode.

! The semaphore series for low power mode: locations $7B = $55, $7C = $AA, $7D = $88. These locations are cleared to

zero when not in low-power mode.
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User Console Operation

The monitor is entered upon power-up, reset, and when a BRK ingtruction is encountered. When the monitor is ready for a
command, a"." (period) will appear as a prompt. On reset, the monitor sends copyright and version notices, as well as a register
display to theterminal. (There are ssemaphoresin memory to enable/disable specific features.)

Command Entry

Commands are entered after the period prompt. The W65C134 monitor parses a command as it is entered.  Spaces and other
separators are automatically generated by the monitor as parsing dictates their appearance. No backspaces are allowed. Buffer
limitations alow no provision for editing commands. If an error is made in entry, a carriage return (CR) or ENTER will usualy
cancd the command and return the monitor prompt. 1f a command has been started, a control-C character will usualy cance the
command.

The first command to learn on the W65C134 monitor is the HELP command. Enter a'H' at the command prompt (no return is
needed) and a help menu will be displayed. This menu smply lists al the monitor commands.

Debugging

WARNING!
Generally, if code goes wild, execution will eventually
encounter a BRK instruction and return to the monitor.
Interrupts may however, ill be running. A bad
interrupt can disable the monitor functions.

Code debugging may be accomplished by placing BRK (00) ingtructionsin the code. When the BRK ingruction is executed, the
CPU regigters will be digplayed and the monitor prompt will appear. The user may examine or change memory and regisers.
BRK ingructions should be used with care. When a BRK ingtruction has occurred, the program counter (PC) in the monitor will
be pointing at the location AFTER the BRK ingtruction.

If aBRK indruction was placed in the code by an assembler, and the next ingtruction follows the BRK, then the user may continue
execution Smply by hitting 'G' followed by a carriage return (CR).

If anorma ingruction has been replaced with a BRK, the program may not properly resume until the origina instruction has been
restored and the PC regigter or the 'G' command adjusted accordingly.
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Command Descriptions

The following pages describe al of the monitor commandsin detail. They are listed here, in summary, along with their functions.

Command Summary

Command Usage

ALTER registers
BASIC interpreter
Generate CHECK SUM of memory block
DISPLAY memory block
Display serial load ERRORS
FILL memory block with constant
GO to address (JMP execution)
HELP
JUMP to subroutine (JSR execution)
Re-enter BASIC interpreter
Examine/Change MEMORY
Display REGISTERS
Download 'S  record format
Display current date and TIME
USER command prefix
Move a block of memory
WRITE block of memory as'S19' records
Toggle X-On/X-Off handshake mode
Display memory
Display NEXT memory location
Display PREVIOUS memory location
(space) Display current memory location

"C Cancel current operation

w >

T

AV =-XsSs<CHOIZARCQLEOETMMUO
N

(NOTE: The W65C134 monitor outputs are shown on the following pagesin norma font, and user inputs are shown in italics.)
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A,ALTER

This command will display the registers and dlow the user to change them.

An executing program will re-enter the W65C134 monitor when it encounters a BRK indruction. The monitor will copy
dl the regigers indde the processor into RAM. These copies of the registers may be viewed usng the ‘A’ or 'R
commands. The'R' command only alowsviewing. The'A' command permits the user to enter new vaues.

When a program is darted via the 'J or 'G' commands, the RAM versons of the registers are re-copied into the
microprocessor before contral is transferred.  Changing the registers via the ‘A" command only changes the RAM copy.
Thiswill have no effect until a program resumes.

Example:

A

PC FA XY SP
0000 00 00 00 00 00
123430553322 44

The W65C134 monitor will output the current values of the regigters to the console PC=Program Counter, F=Fag
register, A=Accumulator, X=X register, Y=Y regiser and SP=Stack Pointer. The cursor must be placed under each
entry, in order, for the user to change the contents. The monitor will insert spaces automaticaly between fields. A space
entered from the console will cause the current field to be skipped, leaving it unchanged.

Spaces were entered at the A, Y and SP locations. These vaues were not atered.

Example:

A

PC FA XY SP
123430553322 44
343310 88
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B, BASIC

The'B' command initializes and starts BASIC. If BASIC is not present, the monitor prompt is returned. (The monitor checks for
BASIC by looking for a$4C at address $A000, if present it doesa IMP $A000. If the $4C is not present, the command returns to
the monitor prompt.

Example:

B

(c) COPYRIGHT 1988,89
COM LOG CO. INC.
BASIC VERSION 01.02 03-30-89 15:37
20478 BYTES

READY

SYS (Thisreturns control to the monitor.)

ADDRF A XY SP
A2B3B1AB 1008 FC

C, Checksum
The''C' command generates a checksum of the memory from the starting address to the ending address.

Example:

.C 1000 1FFF
12FD

The user enters a 'C, followed by 1000, followed by '1IFFF'. No spaces are entered by the user. The monitor will
generdte a 16 bit checksum by smply adding al bytes in the specified range together.  Checksum =
($1000)+($1001)...+($1FFF). Only the lower sixteen bits of the checksum are used. If the checksum exceeds Sixteen bits
(i.e. Checksum is grester than $FFFF.), the overflow isignored.

Thiscommand is useful to insure that a program loaded into RAM has not been accidentdly dtered.
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D, Display Memory

This monitor command displays arange of memory, in hex and ASCII. Parsing is performed as the command is entered.
The user types no gpaces and no return or enter key.

Example:
.D 1000 1FFF

ADDRO000102.. ODOEOF  ASCII
1000 55AA 88...414243 U*... ABC

1FFO 223344 .. 646566 "3D ... def

A shorter form involves entering the ‘D', the starting address, and aspace. The space means 'Skip this operand’, as it does
on the other commands, and the display command will display 16 bytes darting at the given Sarting address. A spaceis
unacceptable as the starting address.

E, Errors

This command is only vaid after aseria load. The command displays the number of errors, the address of the last error,
and then resets the number of errorsto 0. It is often a good idea to use the E command before a serid load to clear the
errors, then after the load to insure that no errorsrolled off the screen while the user wasn't looking.

Example:
.E005A 00 (Clear theerrors)
.E 0000 00 (Provethey'reclear.)
(Load some'S records.)

.S
.S
.S
.S

.E0000 00 (Load errors= None.)
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F, Fill

Example:

.F 4000 5FFF 22

.D 4000 400F (Confirmfilled.)
ADDR 0001020304 05 06 ... 0D OE OF
400022 222222222222 ..2222 22

Thiscommand is used to fill ablock of memory with a particular value.

No spaces are entered by the user. This command will fill memory from $4000 through $5FFF, inclusive, with the value
hexadecima 22.

G, Go

This command restarts a program stopped by a BRK ingruction. The program resumes one byte after the BRK
ingruction itsdlf. The registers used to restart the processor are the RAM copies made when the program was stopped.
(Seethe A, Alter command for more details.)

Example:

.G<return>

or

.G 2000

In this case, the <return> is necessary to differentiate the forms of the command. The first form uses dl the register
vaues gored in RAM. The second form uses the supplied address for the PC, effectively restarting from the address
given. The second form does not need the <return>.
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Hor ?, Hep

The HELP command lists dl the commands available via the monitor. It is asingle character, entered at the prompt. No
<return> or <gpace> is necessay.

Examples:

D Display memory

SPACE Display current memory address

<> Decrement, Increment memory address
M Alter memory

/ Host memory access

RA Display, Alter registers

G,J JMP, JSR to PC [Location]

F.V,C Block Fill, Move, Checksum

SW,E S28 Input, Output, Errors

?2H Help

B,K BASIC start, Continue

T Display time

X Toggle handshake mode
U User installed commands
or

2

D Display memory

SPACE Display current memory address

<> Decrement, Increment memory address
M Alter memory

/ Host memory access

RA Display, Alter registers

G,J JMP, JSR to PC [Location]

F.V,C Block Fill, Move, Checksum

SW,E S28 Input, Output, Errors

?H Help

B,K BASIC start, Continue

T Display time

X Toggle handshake mode
U User installed commands
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J, Jump to subroutine

This command is used like the 'G' command, excepting that the address of the BRK handler is put on the stack before
garting the program. If the program endswith an RTS, it will return cleanly to the monitor.

Examples: J<return>

or

.J 5000

The first example uses the old PC address stored in the RAM copies of the registers, the second executes from the given
address. Excepting the SP (which is bumped for the return address) and the PC if the long form is used, the registers are
copied from the RAM into the processor before the jump takes place. (See A, Alter for more details.)

K, Regtart BASIC

This command would normally be used only if Com Log BASIC has been indgalled in the system. The user may choose
to exit BASIC and return to the WB5C134 monitor after a program has been entered®. Eventually, the user may desire to
resart Com Log BASIC and continue with the BASIC program previoudy entered.

The 'B' command initidlizes BASIC, clearing anything currently in RAM. The 'K' command alows users to return to
BASIC at the point they |eft, without erasing the BASIC program currently in RAM, but it does not make a full integrity
check of the BASIC environment. If the user has been making changes in BASIC RAM locations from the monitor, the
‘K" command may be inoperable or produce unpredictable results.

Example:

(c) COPYRIGHT 1988,89

COM LOG CO. INC.
BASIC VERSION 01.02 03-30-89 15:37
20478 BYTES

READY

Com Log BASIC users may enter the monitor viathe SY S command.
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M, Change Memory

This command is used to change the contents of memory locations, beginning at the specified address.

Example:
.M 1000

ADDR 0001020304 ...0D OE OF
1000 O0A4C881933..3254A7
1000 AACC225544 ...886F 3D

The user mugt enter: 'M' and an address. The monitor will respond by printing a legend and the current contents of the
fird 16 locations. The cursor isthen positioned one line below the first memory location. The user may enter anew vaue
for that location. If the user continues typing new vaues, and they modify consecutive locations. Parsing is performed as
the command istyped. The monitor will automaticaly output spaces between fields. A space may be entered by the user
to kip alocation. That byte will beleft at itsorigind vaue.

R, Registers

This command displays the current RAM copy of the microprocessor registers.”

Example:

A
PCFAXYSP
0000 00 00 00 00 00
12343055 3322 44

R
PCFA XY SP
123430553322 44

The W65C134 monitor will output the current values of the registers to the consolee PC=Program Counter, F=Fag
register, A=Accumulator, X=X regigter, Y=Y regiser and SP=Stack Pointer.

o An executing program will re-enter the W65C134 monitor when it encounters a BRK instruction. The monitor will copy

all the registersinside the processor into RAM. These copies of the registers may be viewed using the ‘A’ or ‘R’ commands. The
‘R’ command only alowsviewing. The‘A’ command permits the user to enter new values.
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S28 Format:
S2LLHHMMLWDDDDDDDD...CC
where:
S2 are literally the ASCII characters:"S2",
LL isthe length of the data+4,
HH is the high byte of the address,
MM is the middle byte of the address,
LW isthe low byte of the address,
DD is one byte of data,
DD isthe next byte, etc
CC is the checksum (1's complement of the
sum of the length, address, and data bytes.)
NOTE: Convert the bytes from ASCII to hex before
performing the addition.

A valid S28 record is:

S$2140090004C28BA4C629D0102031589E6F3D002EGA D

The end record, starting with S8... is ignored by the
W65C134 monitor.

S19 format:
S1LLHHLWDDDDDDDD...CC
where:

S1 are literally the ASCII characters:"S1",

LL isthe length of the data+3,

HH is the high byte of the address,

LW isthe low byte of the address,

DD is one byte of data,

DD isthe next byte, etc

CC is the 1's complement of the sum of the
length, address, and data bytes.

NOTE: Convert the bytes from ASCII to
hex befor e performing the addition.

A valid S19 record is:
S113800057444300A 981851B4C57F0000000000031

The end record, starting with S9 ... is ignored by the
W65C134 monitor.

S, Srecord input

The W65C134 monitor uses Motorola style 'S records to upload or download programs.  Acceptable formats are: S19
and S28.*° These formats comprise lines of data, each starting with an'S and ending with a<return>.

When the monitor receives an 'S as the first character of a command, it assumes that the remainder of the lineisan 'S
record. It reads the remainder of the line datainto memory asit isreceived. The user typicaly will not type'S records as
commands. They are usudly sent automatically by the host communications program as a "file transfer/interchange’
function. When the S is detected, the W65C134 monitor turns off the serid port echo. This means the S record is not
echoed back to the sending device. When the CR isfound, the echo isturned back on. If 'S records are being loaded, the
user will seeonly asingle'S on each line asit isloaded.

Parsing is dynamic. If the line contains a non-hex character, or if the ending checksum is wrong, the error count will be
incremented. (Seethe E, Error command for more details) When this occurs, any previous memory modifications have
dready been made. If a program download has errors, the memory block has been corrupted. Execution of the program
may produce unpredictable results.

10

The Motorola S19 format is almost identical to the S28 format, excepting the address field is 16, not 24 bits, and the length

of each record is one byte less.
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T, Time
The T command prints the current time.
Itisintheformat:

W MM/DD/19YY HH:MM:SS

where

W =theday of the week (1 = Sunday, 7 = Saturday).
MM isthe month,

DD isthe day,

YY istheyear,

HH isthe hour (24 hour formet)

MM isthe minute,

SSisthe second.

Setting the time may be accomplished through the "T' command or by setting the memory locations directly.

Example:

T

303/09/1993 13:05:03

U, Ussr Command

This is a mechanism by which the user can eadly add his own commands. When the monitor prompt is present,
characters are parsed by the W65C134 monitor asthey are entered. If the firgt character of acommandisa'U’ or 'u, the
monitor will perform a IMP (UCMDPTR). Additiona characters entered after the 'U' must be handled by the user
routine. When the user'sroutineisfinished, an RTS ingtruction will return control to the monitor.

The user must supply aroutine to handle the characters after the 'U', and then store the address of that routine at location
UCMDPTR ($0050). The user's command processor should return to the monitor viaan RTS instruction.
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V, Block Move

This command is used to move ablock of memory.

Example:

.V 1000 5000 22

The first operand is the source address, the second address is the destination, and the third byte is the number of bytes to
move. The maximum number of bytesis 256, set by making the third operand a 0.

W, S19 output

This command is used to output S19 records viathe serid port.

Example:

.W 1000 2FFF<return>

The first address is the starting address, the second address is the address of the last byte to be sent. This command
specificaly requires areturn, alowing the user to turn on arecording device to record the serid data

S19 format:
S1LLHHLWDDDDDDDD...CC
where:

Slisliterally the ASCII characters Sthen 1,

LL isthelength of the data+3,

HH isthe high byte of the address,

LW isthe low byte of the address,

DD isone byte of data,

DD isthe next byte, etc

CC is the 1's complement of the sum of the length, address,
and data bytes.

NOTE: The checksum addition is performed before the
data bytesare converted to ASCII characters.

A valid S19record is:
S$113800057444300A 981851B4C57F0000000000031

The end record, starting with SO is automatically generated by the
W65C134 monitor.
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X, Set Handshake Mode
This mode toggles between hardware handshake and XON-XOFF handshaking. The RESET default is hardware.

The command responds with the new vaue of the handshake.
(00 = Hardware, and 01 = XON-XOFF.)

Example:

The above example changed the handshake from hardware to XON-X OFF.

Example:

This example changed the handshake from XON-XOFF to hardware. There is no command to view the current date
without changing it.
Special Memory Commands. /,<,>,SPACE

The SPACE, <, >, dlow the user to view the current memory address, one lower, or one higher, respectively. The current address
isset viathe M or the D command.

The SLASH (/) command is intended to dlow a program on a host system quick access to W65C134 memory locetions.  Its
operation is documented in the software listings.
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Programming

The Com Log Company, Inc. offers an extended
monitor for the W65C134 mapped into externa
EPROM. It uses memory addresses: $EO0O through
$EFFF. This portion of the monitor provides display
and button control for the Project Computer
configuration. It also provides a number of software
timers and clocks for general purpose use. It hasa JMP
table at $E000 to provide consistent access to routines
even if they arerelocated in later revisions.

An EPROM version of BASIC is aso available from
Com Log. It is sold as an option for the Project
Computer. If installed, it occupies EPROM addresses
from $A000 to $DFFF.

The $E000 monitor software comes standard with the
Project Computer. Since the Project Computer has
sockets for only one ROM, it is shipped with a 27C256
EPROM. Thisis usualy pre-programmed from $E000
to $FFFF. If the BASIC option has been included, the
EPROM will also be pre-programmed from $A000 to
$DFFF. This leaves the memory in range: $8000
through $9FFF available for user programs.

The monitor is masked into the W65C134's internd ROM, and resides between $F000 and $FFFF. This portion of the monitor
handles the serid port and provides a smple command line interface. The command line functions include program upload and
download, memory display, dter, fill, move, and checksum. There are additiona functions for dedling with the W65C134's
interna regigters, the red time clock, and the serid handshaking. The command line interface runs on the sexia port.

This firmware dso handles dl interrupts (since the vectors are in its screened memory). In most cases, interrupts are re-vectored
through RAM to the usar'sroutine. In some cases, the RAM vectors areinitidized to point back into the core ROM. The interna
ROM has routines for buffering the serid ports, for updating the time of day clock, and so forth. The user may handle these tasks
with custom software. The only change necessary involves re-writing the vectors in RAM.  All routines in the masked ROM are
accessed viaa M P table at $F000.

A flag in the externd EPROM is used to indicate that the user wants complete control of the PCB and processor. It is checked
immediately after reset. If the flag is present, the internd ROM jumps into the EPROM before setting any interrupt vectors or
internal registers. The user's code can then turn off the internd ROM. All accesses, including accesses to interrupt vectors, are
now pulled from the externad EPROM. In this case, none of the monitor's routines are accessble to the user. There some
semaphores from $8000 to $8010 which are used to indicate the presence of the ROM to the core monitor. The remainder of the
EPROM ($8010 to $DFFF) isavailable to the user.
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Monitor FeaturesFunctions

Example:
CHIP 6502
LONGA OFF
LONGI OFF
SPACESON
; This program sends the phrase 'Hello, world!" to the serial port.
INCLUDE FIRMWARE.H ;Firmware equates

.ORG $0800 ;A good test location
; to start.

JSR CRLF ;Get to the next line
; (send CR/LF characters)

LDA #>HSTRING ;High order address
;to accumulator.
LDX #<HSTRING ;Low order addressto X
LDY #ESTRING-HSTRING ;Number of characters.
JSR PRTSTR ;Print it.
BRK ;Return to monitor.
HSTRING .BYTE 'Hello, world!" ;Define the text.
.BYTE $0D ;A 'return’ character.
ESTRING EQU * ;Define the end of text.

Srecords for this program are:
S2140008002012F0A 908A 20DA 00E201EF00048656C6C

S20F0008106C6F2C20776F726C64210D5B

S804000000FB

The W65C134's hardware and firmware can be used for a variety of applications. There are numerous routines in the firmware designed to
handle the hardware and several common interrupt tasks. Most applications could use some of these routi nes.™t

The smplest way to explain how these routines work is by exampla12 The examples shown in this manual are intended to illustrate. They
are not necessarily complete. (Error returns are often ignored.) This code was written for clarity rather than speed or size.

'"Hdlo, world!"

This (right) is one of the most universal and smplest examples of how to start programming on anew system. The purpose of this example
isto try to get the program edited, assembled, linked, into the W65C134, and run. The exact operation of the program is secondary.

This example was written, assembled, and linked on an IBM AT using 2500AD's W65C816 cross assembler and linker. The result of the
assembly and link isafile consisting of the absolute object code in Motorola S28 format."®

1 The subroutines which are described in detail in the manual have ROM vectors at fixed addresses. These vectors will not move

as new revisions of the monitor become available. Other subroutines may be found in Appendix C —W65C134 Monitor Assembly
Listing. They may be accessed directly. The user should be aware that such subroutines may be modified, relocated, or removed
from later versions of the W65C134 ROM Monitor. Refer to the description of the VERSION subroutine ($F000) as a means of
checking for compatibility.
The W65C134 ROM Monitor source code isincluded in this manual. Thereis a cross reference at the end of each portion of the

source which can be used to find specific sections.

Details of the S19 and S28 formats may be found in Commands:. S, S record input and under the routine descriptions for
ploading and downloading ‘S’ records.
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Interrupts

The W65C134 supports many interrupts, each with its own vector. Definitions of the interrupts are found in the Western Design
Center W65C134 Data Specification.

The W65C134 ROM monitor firmware uses some of the interrupts.  Some vectors point directly into the W65C134's internal
ROM. Others point to their own RAM locations which may be changed by the user. The mgority, mostly edge interrupts, point
to acommon RAM vector which may also be changed by the user.** (See Table for more details)

Interrupts on the W65C134 must be enabled in either the interrupt endble regigters, the seria control port, or the timer control
regiser. Enabling, disabling, and resetting interruptsis covered in the WDC W65C134 data specification.

Many interrupts go to a location in ROM which is a IMP(XXXX). Thisjust gets us to a RAM vector for the interrupt. The
NE46 (used for power down) interrupt vector pointsinto theinternad ROM. It points to the following instruction: JM P ($0046)

This approach adds a few cycles to the interrupt servicing overhead time, but alows smple byte vectors in the limited internal
RAM. Thelocation $0046 containsa RAM pointer (initidized after RESET) to the monitor's power down routine.

The monitor handles dl interrupts. This is often done by having a second vector in RAM. When the monitor is started, it writes
the RAM locations with pointers to its own interrupt routines. Unused interrupts smply jump to RESET. The user can re-vector
these interrupts by changing the RAM vector.

14 Com Log choose this approach as a design decision based upon resource limitations (i.e. available RAM vectors) in the

minimum configuration to be supported. The effect of thisis that interrupts sharing the common vector require an interrupt service
routine that must be able to identify which interrupt was received. See the code for more details.
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Interrupt Vectoring

Interrupt Interrupt Monitor Status after

Sour ce AddressROM Vector Initialization

PE44 $FFDO JMP($004E) DISABLED

PE45 $FFD2 JMP($004E) DISABLED

NE46 $FFD4 JVMP($004C) ENABLED"
NE47 $FFD6 NE47 (in ROM) ENABLED?*®

PE50 $FFD8 JMP($004E) DISABLED

PE51 $FFDA M P($004E) DISABLED

NES52 $FFDC  JMP($004E) DISABLED

NES53 $FFDE JMP($004E) DISABLED

IRQAT $FFE4 Seriad TX (ROM) ENABLED**
IRQAR $FFE6 Serial RX (ROM) ENABLED?
PE54 $FFEA JMP($004E) DISABLED

PE55 $FFEC JMP($004E) DISABLED

PE56 $FFEE JMP($004E) DISABLED

NES57 $FFFO JMP($004E) DISABLED

IRQT1 $FFF2 JVIP($004A) ENABLED®
IRQT2 $FFF4 JMP($0048) ENABLED®
IRQ1L $FFF6 JMP($0046) DISABLED

IRQ2 $FFF8 JMP($0044) DISABLED

NMI $FFFA JMP($0042) DISABLED

RESET $FFFC RESET ENABLED?’
BREAK $FFFE JMP($0040) ENABLED

Initialization after RESET Sequence:

$O04E, $0046, $0044, and $0042 areinitialized to RESET
$004C isinitialized to PDOWN

$004A isinitiaized to CNTRIRQ

$0048 is initiaized to TODIRQE®

lThisinterrupt isused for power down detection.
Thesei nterrupt vectors point directly into the ROM and cannot be intercepted.

3This interrupt is used for serial handshaking. (The interrupt occurs when the handshake input to the
W65C134 goeslow.)

“The transmit interrupt is enabled when there is data to send and disabled otherwise.

SThis interrupt is used to provide a 10 mSec system heartbeat. 1t is used only in the $E000-$EFFF portion
of the firmware, whichisin turn used by BASIC.

bThis interrupt is used for the 1 interrupt per second time of day clock.
"Reset isALWAY S enabled.
8 rhisisadifferent Ti me-of-Day routine than the one used in the $F000 code.
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L ow-Power Mode

The W6E5C134 uses CMOS circuitry. Power consumption is therefore a function of how many devices are switching and how
often they switch. Applications may reduce power consumption by switching to the dower default clock (32 KHz). Further power
reductions may be achieved by using instructions such as STP (stop) and WAI (wait) which halt the processor until an interrupt
OCCUrS.

Dramatic reductions in power may involve shutting off al circuitry other than the microprocessor. This automaticaly occurs when
incoming power is lost. All devices excepting the W65C134 chip lose power.'>  An interrupt will tell the monitor when main
power is going down. This interrupt invokes a routine in the internal ROM of the microprocessor which shuts off the fast clock,
the address and data bus, and sets dl externa lines low. The only externa sign of operation will be that the dow clock is ill
running. All interrupts will be disabled, excepting the time-of-day interrupt. When the time-of-day interrupt occurs, the clock will
be updated and internal RAM checked for aflag which indicates that a user's program has been loaded into the on-board RAM. If

Special Note

The W65C134 ROM monitor depends upon an
interrupt to notify it of power going down. This
assumes that the application configuration has
capacitors on the power supply which will provide
enough power to execute the power down routine. If a
user program disables the interrupt, or has overly long
interrupts, then the power down code may not run, and
the application system will not correctly power down.
This could result in a very rapid discharge of the battery
intended for low-power mode.

present, the user's program is run after every time-of-day interrupt (once per second). The on-board RAM limits the user's low-
power program size to gpproximately 100 bytes.

Low-power mode essentialy dlows the user to write a small program which runs when main power is off. This program could
check the 1/0O ports (looking for specid conditions), or check the darm flag. (The time-of-day clock includes an darm function
which sets a flag when the current time equas the darm time previoudy set.) This user's routine could then decide it istime to re-
power the entire system, doing so by raising an I/O bit to turn on externa power.

Low-power mode will only work if the W65C134 is running an internal program. During low-power mode, the monitor shuts off
the externa bus and therefore does not have access to the externd EPROM or the external RAM. The monitor and it's |ow-power
support routines reside in the internal mask ROM of the W65C134 chip.

Refer to Appendix C - W65C134 Monitor Assembly Listing for details of the monitor's support code for low-power mode.

15 This assumes that in the application, the W65C134 chip has some form of battery backup. Otherwise, this section on low-

power mode isirrelevant.

W65C134S Monitor ROM Reference 39



Serial I/0 Support

The W65C134 ROM monitor provides a user console via the serid UART as a fundamental feeture. This dlows the user to
examine and change memory or registers, load, debug and save programs, and even interact with the Time-of-Day clock. The
firmware involved in the implementation of these functionsincludes many useful subroutines.

There are severa serid 1/0 support subroutines listed in the table (right). They alow the user to take advantage of the console
features in an application program. The developer may use some of these features may be used merely for debugging. Others
could become a significant part of the target system.

Serial I/0 Support

Routine Vector Description
ACI_INIT $FO03 Initialize ACIA.
CK_CONTC $F009 Check for ~C pressed.
CRLF $F012 Print a Carriage Return/LineFeed sequence.
GETCH $FO0C Get a character w/wait.

MS190UT $F042 Output 'S19' records.

M S28IN $F045 Input 'S’ records.
OUTCH $FO0F Write a character.

PRTSTR $FO1E Print a String.

RD_CHAR $F006 Read a character (if present).

RDOA $F021 Read an address value in ASCIl HEX format.
RDOB $F024 Read a Byte value in ASCII HEX format.
SPAC $F015 Print a space.
WR_ADDR $F027 Write an address in ASCII HEX format.
WROB $F02A Write aBytein ASCIlI HEX format.

Complete, detailed descriptions of the vectored serid 1/O support subroutines are provided elsawhere in this manud. Refer to:
Monitor Library Subroutines for more information.
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Time-of-Day Clock Support

The Time-of-Day clock is probably the most versatile and useful feature of the W65C134 monitor. It provides a "red-world"
reference to programs, dlows the programmable darm function to operate, and continues to run even in "low-power" mode.
Severa monitor subroutines support the Time-of-Day clock and aarm access by user programs. Most of these subroutines expect
or return day, date and time data as a packet in the format shown (right).

Descriptions of the specific support subroutines for the Time-of-Day clock are provided in: Monitor Library Subroutines. Refer
to that section of this manual for more information.

Time-of-Day Clock Format

yte Contents
Seconds
Minutes
Hours (0-23)
Day of Month
Month (1-12)
Year
Weekday (1-7)

OO, wWNEF O

NOTE: All values must be in 2's complement
format.

Programmable Alarm

The Time-of-Day clock functions include a programmable darm festure. The darm isinitidized with day, date and time values.
These settings are compared each second to the current vaue of the Time-of-Day clock. The monitor will set a flag (bit #4 of
location: $0077) when an acceptable match occurs. This darm flag will be cleared to zero by the reset initidization sequence. It
may set, reset, or checked by user application software.™

Time-of-Day Clock / Alarm Support
Routine Vector Description
RD_CLOCK $F04B Read Time-of-Day Clock.
RTC_MODE  $F051 Set/Clear Daylight Savings Mode.
WR_CLOCK  $FO4E Write Time-of-Day Clock.
WR_ACLOCK $F054 Program the alarm.

16 The W65C134 ROM Monitor does not use the programmable alarm feature. Thisis entirely available to the user

application software.
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The application software should use the WR_ACLOCK subroutine to initialize the darm. The subroutine will load valuesinto the
seven parameters of the darm data.  All seven of the parameters mugt be initidlized together. This involves a packet of data
identical in format to those used by the Time-of-Day clock. The primary difference involves "don't care’ fields. If any parameter
isset to $FF, it will be ignored.

Programmable Alarm Clock Format

Byte Contents

0 Seconds

1 Minutes

2 Hours (0-23)
3 Day of Month
4

5

6

Month (1-12)
Y ear
Weekday (1-7)

NOTE: All values must be in 2's complement
format.

Programming the darm criteria does not enable the dlarm. The darm function must be enabled by setting aflag bit in memory (bit
#3 of location: $0077). Disabling the darm will reduce the overhead time of the Time-of-Day interrupt handler. The darm
function isdisabled (bit #3 = 0) by the reset initidization sequence.
Theaarm clock function may be programmed to trigger a 1:00 PM on Saturdays, using the following sequence:

00 00 0D FF FF FF 07
This specifies zero seconds, zero minutes, 13 hours, any day, any month, any year, and the 7th day of the week (Sun=1, Sat =7).

The user should exercise care when programming the aarm function. The "wild card" patterns ($FF) will match anything. The
adarm may be programmed for Jan 3, 1995 by using the sequence:

FF FF FF 03 01 5F FF

This pattern dlows: any time on the 3rd of January, 1995 (any day). An darm will occur every second al day long. Note dso
that if you want a specific time and date, you should set the day of the week to $FF to avoid a mis-match.

When an acceptable match occurs, the clock interrupt will set the darm flag. Theflag is bit #4 of location $0077. A '1'in that bit
indicates that the dlarm hastriggered. The flag stays set until the user program resetsiit.
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Data Manipulation

Several common data checking and manipulation functions are used by the W65C134 monitor internaly. All are available to the
application software. Some of these functions convert deta from one format to another. Others merely check data using pre-
defined criteria The MV_DATA subroutine will move ablock of bytes from one area of memory to another (RAM) area. Those
routines listed in the table (right) are described in detall esewhere. These routines dl have vectors at the base of the W65C134
internal ROM.

Data Checking/M anipulation Functions
Routine Vector_ Description
ASCBIN $F018 ASCII to Binary conversion (2:1).
BINASC $F01B Binary to ASCII conversion.
BIN2DEC $FO3F Binary to Decimal conversion.
CHK_SUM $F048 Calculate Checksum.
HEXIN $FO3C  Converts ASCII HEX to binary (1:1).
IFASC $F030 Check for ASCII.
ISUM $F02D Check for ASCII decimal digit.
MV_DATA $F036 Move Data block.
UPPER_CASE $F033 Convert character to Upper-Case ASCII.

There are additiona subroutines which may be useful to the applications developer, but do not have vectors. These
subroutines may be found in Appendix C - W65C134 Monitor Assembly Listing. They may be accessed directly,
but the user should take specia care. Some are used by the other functions listed, and could possibly cause conflicts.

Non-vectored subroutines may be modified, rlocated, or even deleted in later versons of the W65C134 Monitor ROM Y Usars
should refer to the description of the VERSION subroutine ($F000) as ameans of checking for compatibility.

" The W65C134 Monitor ROM has remained unchanged since 03-07-89. Future changes are expected to maintain the integrity of

the vectored functions. Simple, useful internal routines may be relocated as aresult of additions or deletions but will probably not be
removed. Application software, which uses direct access, may require re-assembly.
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Special Functions

The W65C134 monitor includes some specid functions which are aso available to the application software via vectors. These
functions are ligted in the table (below), and are explained dsawhere.

Special Functions
Routine Vector_ Description
EXTRESET $FO57 External Reset vector.
START $F039 Return to monitor command prompt.
VERSION $F000 Get monitor version.
WAIT $FO5A  WAIT instruction w/RTS.

START and EXTRESET are available for initidization/critical error Stuations wherein the user software cannot recover itself.
The WAIT subroutine is smply a WAIT ingruction followed by an RTS indruction. User software may use WAIT to
implement delays or to suspend until the next interrupt occurs.® The VERSION subroutine returns information identifying the
current version of the W65C134 monitor. This may alow the user to determine whether or not to access monitor subroutines
directly.

Cugtom Commands

The sysem developer may choose to add or replace monitor commands. Commands may be added via the ‘U’ command or
through an dternate parser.

When the user enters ‘U’ from the console, the W65C134 monitor will JSR to a JMP indirect through a pointer. The “user
commeand pointer”, UCMDPTR (locations: $0050/51) must be initidized by the application program. The custom command
processor/parser should return to the monitor via an RTS ingtruction.  The monitor will start again and prompt for the next
command input.

The dternate parser method alows the custom commands to begin with any letter, including those dready used by the W65C134
monitor. Exigting monitor commands may be disabled or replaced by this technique. The dternate parser must resde in externd
EPROM. The W65C134 monitor will prompt, accept a character, and check location: $EFFD. If a IMP ($4C) is present, the
monitor will “JSR $EFFD”, to execute the dternate parser first. (Refer to: Appendix C — W65C134 Monitor Assembly Listing
for details) Again the dternate parser should return to the monitor viaan RTS ingruction. The W65C134 monitor will resume,
and parse the character in register-A*

18 Application developers should remember that the Time-of-Day clock is operating. Thiswill generate an interrupt once

every second.

If the character in register-A is LINEFEED ($0A), the monitor will ignore it and loop back to accept another character
without issuing another prompt. If the character is simply not a monitor command, then the monitor will type: *? and restart with a
fresh prompt. Of course monitor commands will be processed as though they were received from the console.
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Monitor Library Subroutines

The W65C134 has a large number of standard subroutines, with fixed IMP vectors, available to the user. The IMP tableisin the
mask ROM, and gtarts at address: $F000.

The easest way to use these subroutines is to set up an equate table, as described in Appendix B — W65C134 Monitor
Subroutines, to define their names. The application may then smply JSR to the gppropriate subroutine name as needed. These
firmware subroutines reduce the overhead of user gpplications, and adso sandardize the way common operations are performed.
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Routine
VERSION

ACLINIT
RD_CHAR
CK_CONTC
GETCH
OUTCH
CRLF

SPAC
ASCBIN
BINASC
PRTSTR
RDOA

RDOB
WR_ADDR
WROB

ISUM

IFASC
UPPER_CASE
MVDATA $F036
START
HEXIN
BIN2DEC
MS190UT
MS28IN
CHK_SUM
RD_CLOCK
WR_CLOCK
RTC_MODE
WR_ACLOCK
EXTRESET

Vector

$F003
$F006
$F009
$FO0C
$FOOF
$F012
$F015
$F018
$FO1B
$FO1E
$F021
$F024
$F027
$FO2A
$F02D
$F030
$F033

$F039
$F0O3C
$FO3F
$F042
$F045
$F048
$F04B
$FO4E
$FO51
$F054
$F0O57

W65C134 Monitor Library Routines

Description
$F000 Get monitor version.

Initialize UART.
Read a character from UART (if present).
Check for ~C pressed.
Get a character from UART (wait as needed).
Write a character to UART.
Print a Carriage Return/LineFeed sequence to UART.
Print a space to UART.
ASCII to Binary conversion (2:1).
Binary to ASCII conversion.
Print a String to UART.
Read an Address value from UART in ASCII HEX format.
Read a Byte value from UART in ASCII HEX format.
Write an address to UART in ASCII HEX.
Write a Byte value to UART in ASCIl HEX.
Check for ASCII decimal digit character.
Check for ASCII.
Convert character to Upper-Case ASCII.
Move Data.
Return to monitor command prompt.
Converts ASCII HEX to binary (1:1).
Binary to Decimal conversion.
Output 'S19' records.
Input 'S' records.
Calculate Checksum.
Read Time-of-Day Clock.
Write Time-of-Day Clock.
Set/Clear Daylight Savings Mode.
Program the alarm.

External Reset vector.
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ACI_INIT  ($F003) Registers Expected: A,Y X
RegisersMaodified: A,Y

Baud Rate Selection

A Baud rate A Baud rate

0 75 6 1800

1 110 7 2400

2 150 8 4800

3 300 9 9600

4 600 A 19200

5 1200 B 38400

Register-X has data length: 7 =17 bits
8 = 8 hits

Other = 7 bits

Register-Y enables and sets parity.
Bit 0 = O disables
Bit 0 = 1 enables
Bit 1 = 1 sets even parity.
Bit 1 = 0 sets odd parity.

This subroutine initidizes the internal seria port and serid buffers. Set the baud rate number in register-A, data length
number in register-X, and parity in register-Y. This subroutine uses the clock speed test, executed at reset,” to determine
the correct baud rate. It works with a variety of CPU clocks: 2.000000 MHZ, 4.000000 MHZ, 2.457600 MHZ,
3.686400 MHZ, or 1.843200 MHZ). The ACI_INIT subroutine will flush any data currently in the serid
communication buffers. Refer to Appendix C - W65C134 Monitor Assembly Listing for specific details regarding the
internal operation of the ACI_INIT subroutine.

Errors
If the baud rate selection parameter (passed in register-A) isinvalid, the ACI_INIT subroutine
will return with: $FF in register-A. The previous baud rate will remain unchanged.

20 The clock speed test is performed during the reset initialization sequence. It compares the fast clock to the default (32 KHz)

clock. Thistest allowsthe W65C134 monitor to select appropriate values when using the baud rate generator and other timers.
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Example:

LDY #3$03 ;Parity on, even

LDX #$08 ;8 bit data

LDA #3$0B ;38.4K baud

JSR ACI_INIT

CMP #$FF

BEQ BAD_INIT ;Good baud rate, no branch
LDY #3$00 ;Parity off

LDX #$07 ;7 bit data

LDA #$27 ;Invalid baud parameter
JSR ACI_INIT

CMP #$FF

BEQ BAD_INIT ;Bad baud - Branch!

ASCBIN ($F018) Registers Expected: A X
RegistersModified: A

This subroutine converts two ASCII HEX** characters into a single binary byte. The ASCII hexadecimal character in
register-A corresponds to the least significant nibble of the result. The most significant nibble is defined by the ASCII
hexadecimd character in register-X. The resulting binary value will be returned in register-A.  The carry-bit will be
CLEAR upon anorma return from this subroutine. Refer to Appendix C - W65C134 Monitor Assembly Ligting for
specific details regarding the internal operation of the ASCBIN subroutine,

Example:
LDX #0'
LDA #D'
JSR ASCBIN
CMP #$0D
BEQ OK ; This should always branch

Errors:
The ASCBIN subroutine does not detect any errors or return error codes. If the caling
program passes a parameter which is not an ASCIlI HEX digit, the resulting conversion vaue
will be meaningless.

21 A valid ASCII hexadecimal digit isanumeric character: “0123456789” ($2F < char < $3) or one of the first six letters:

“ABCDEF” ($40 < char < $47) in uppercase or lowercase: “abcdef” ($61 < char < $7A).
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BINASC ($FO1B) Registers Expected: A
Registers Modified: A,X

This subroutine converts an 8-bit binary vaue in register-A to two ASCIl HEX characters. Register-A returns the least
sgnificant character in ASCIl. Register-X returns the most significant character in ASCIl. Refer to Appendix C -
W65C134 Monitor Assembly Listing for specific details regarding the internal operation of the BINASC subroutine.

Example:

LDA #3$0D

JSR BINASC

CMP#D'

BNE FAILED ;Should never branch

CPX #0'
BNE FAILED ;Should never branch

Errors
The BINASC subroutine does not detect any errors or return error codes

BIN2DEC ($FO3F) Registers Expected: A
RegisersModified: A

This subroutine takes an binary vaue ($00-$63) in register-A and convertsiit to packed decimal format ($00-$99) dso in
regiger-A. Vaues larger than $63 will not be properly converted. Refer to Appendix C - W65C134 Monitor
Assembly Ligting for specific details regarding the interna operation of the BIN2DEC subroutine.

Example:

LDA HOURS ;current HOURS (00-$17)
JSR BIN2DEC ;make it decimal (00-$23)
JSR WROB ;output it.

Errors
The BIN2DEC subroutine does not detect any errors or return error codes. If the cdling
program passes a binary vaue larger than $63 to this subroutine, the resulting conversion
vauewill be meaningless.
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CHK_SUM ($F048) Registers Expected: NONE
RegisersMaodified: A,Y

This subroutine calculates the 16-bit checksum of a block of memory. TMPO (RAM location: $007B) must contain the
low byte of the gtarting address. TMPO+1 ($007C) must contain the high byte of the starting address. The ending
address must be stored in the same format beginning et TMP2 ($007E/7F). The computed checksum will reside in two
bytes beginning at TMP4 ($0081/82). The carry-bit will be CLEAR upon a normd return from this subroutine. Refer
to Appendix C - W65C134 Monitor Assembly Ligting for specific details regarding the interna operation of the
CHK_SUM subroutine.

Example:
LDA #<FIRST
STA TMPO :RAM location: $007B
LDA #>FIRST
STA TMPO+1 ;RAM location: $007C
LDA #<LAST
STA TMP2 :RAM location: $007E
LDA #>LAST
STA TMP2+1 ;RAM location: $007F
JSR CHK_SUM
LDA TMP4 :Checksum in RAM
LDY TMP4+1 ;locations; $0081/82

Errors
The CHK_SUM subroutine does not detect any errors or return error codes. If the ending
address is lower than the darting address, this subroutine will il return normally. The
computed checksum in TMP4 ($0081/82) however, will be meaningless.

CK_CONTC ($F009) Registers Expected: NONE
RegistersModified: A

This subroutine checks to determine if an ETX ($03) character has been received by the serid input port. If so, it means
that the operator has pressed the control-C (*C) key combination and the CK_CONTC subroutine will return with the
carry-bit SET in the dtatus register. If not, the carry-bit will be CLEAR. The W65C134 ROM monitor's command
processor interprets the *C key combination as a"cancel current operation” command. Application programs may do the
same. Refer to Appendix C - W65C134 Monitor Assembly Listing for pecific details regarding the interna operation
of the CK_CONT C subroutine.

Example:

JSR CK_CONTC
BCS MYABORT ;Branch if Control-C

Errors
The CK_CONTC subroutine does not detect any errors or return error codes.
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CRLF ($F012) Registers Expected: NONE
RegistersModified: A

This subroutine sends out a CARRIAGE RETURN?? ($0D) character to the serid port buffer. The carry-bit will be
CLEAR upon a normd return from the CRLF subroutine. Refer to Appendix C - W65C134 Monitor Assembly
Ligting for specific details regarding the internal operation of the CRL F subroutine.

Example:

JSR CRLF
BCS MYABORT ;Branch if Control-C

Cancd:
This subroutine checks to determine if an ETX ($03) character has been received by the serid
input port. This means that the operator has pressed the control-C (*C) key combination and
the CRL F subroutine will return with the carry-bit SET in the Status register.

Errors
The CRL F subroutine does not detect any errors or return error codes.

EXTRESET ($F057) Register s Expected: NONE
Registers M odified: NO RETURN

Thisis not a subroutine, it is an entry point into the externa ROM's reset routine. It is occasionaly used for vectoring
uninitiized interrupts, resetting the machine. Refer to Appendix C - W65C134 Monitor Assembly Listing for specific
details regarding the interna operation of this monitor function.

22 The CARRIAGE RETURN ($0D) character may appear on the user’s keyboard under another designation (ENTER,

NEWLINE, CR, RETURN, etc.).
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GETCH ($F00C)

This subroutine reads the serid port buffer and waits until a character is received. If register-A returns a null ($00)
character, and the carry-bit is SET, it means that the operator has typed the control-C (*C) combination. The GETCH
subroutine aso echoes the character to the output when it is read. The echo feature may be turned ON/OFF in the
The carry-bit will be CLEAR upon a norma return from the GETCH
subroutine.  Refer to Appendix C - W6E5C134 Monitor Assembly Ligting for specific details regarding the interna

SFLAG byte (RAM location: $0072).

Registers Expected: NONE
RegistersModified: A

operation of the GETCH subroutine.

Example:

JSR GETCH
CMP #$0D ;ISIT A CR?
BEQ ENDLINE1

LDA #3$20

TSB $72 ;DISABLE ECHO
JSR GETCH

CMP #$0D ISITACR

BEQ ENDLINE2

Cancd:

This subroutine checks to determine if an ETX ($03) character has been received by the serid
input port. If S0, it means that the operator has pressed the control-C (*C) key combination
and the GETCH subroutine will return with $00 in register-A and the carry-bit SET in the

datus register.

Errors

The GETCH subroutine does not detect any errors or return error codes.
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HEXIN ($F03C) Registers Expected: A
RegistersModified: A

This subroutine converts an ASCIlI HEX character in register-A to its equivadent binary value. The binary vaue is
returned in the lower nibble of regigter-A. The carry-bit will be CLEAR upon a norma return from this subroutine,
Refer to Appendix C - W65C134 Monitor Assembly Listing for specific details regarding the interna operation of the
HEXIN subroutine.

Example:

LDA #d'

JSR HEXIN

BCS NOTHEX3 ;Should never branch
CMP #3$0D

BNE FAILED ;Should never branch

LDA #q
JSR HEXIN
BCS NOTHEXS ;Should aways branch

Errors
If the character passed in regigter-A is not a vaid ASCII HEX character, the HEXIN
subroutine will return with the carry-bit SET in the Status register. (Note: The contents of
register-A may be modified even if the converson is not performed.)
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IFASC ($F030) Registers Expected: A
RegistersModified: NONE

This subroutine checks the byte in register-A. If the byte is a valid ASCII character™ it will return with the carry-bit
CLEAR. The carry-bit will be SET upon return if the character was not ASCIl. Refer to Appendix C - W65C134
Monitor Assembly Ligting for specific details regarding the interna operation of the IFASC subroutine.

Example:

LDA #$F1
JSRIFASC
BCC ASCII_YES ;Should never branch

LDA #$41
JSRIFASC
BCS NOT_ASCII ;Should never branch

Errors
If the character passed in register-A is not avadid ASCII character, the IFASC subroutine will

return with the carry-bit SET in the status register. Thisis not necessarily an error.

23 This manual uses the term: “ASCII” when referring to visable characters ($1F < char < $7F) within the American Standard
Code for Information Interchange. Special characters and control characters are of course also part of the ASCII character set.
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| SUM ($F02D) Registers Expected: A
RegistersModified: NONE

This subroutine checks the byte in register-A. If the byte isavaid ASCII decimal digit, it will return with the carry-bit
CLEAR in the status register. If the carry-bitis SET upon return, the character was not an ASCII decimal digit. Refer
to Appendix C - W65C134 Monitor Assembly Listing for specific details regarding the internal operation of the | SUM
subroutine.

Example:

LDA #$FA
JSR ISUM
BCC DEC_YES ;Should never branch

LDA #7'
JSR ISUM
BCS NOT_DEC ;Should never branch

Errors
If the character passed in register-A is not a vaid ASCII decimal digit, the ISUM subroutine
will return with the carry-bit SET in the status register. Thisis not necessarily an error.

W65C134S Monitor ROM Reference 55



MS190UT ($F042) Registers Expected: NONE
RegistersModified: NONE

This subroutine outputs Motorola S19 format to the seria port buffer. TMPO (RAM location: $007B) must contain the
low byte of the starting address and TMPO+1 ($007C) must contain the high byte of the starting address. The address of
the last byte of memory to be transferred must be stored in the same format in TMP2 ($007E/7F). The offset address
must resde in TMP6 ($0083/84). 1t will be added to the address field as each record is sent. Refer to Appendix C -
W65C134 Monitor Assembly Listing for pecific details regarding the interna operation of the M S1I9OUT subroutine.

Example:
STZ TMP6 :Offset=0 in RAM
STZ TMP6+1 ;locations: $0083/84
LDA #<FIRST

STA TMPO ;Starting address in
LDA #>FIRST ;locations: $007B/7C
STA TMPO+1

LDA #<LAST ;Ending addressin
STA TMP2 ;locations: $007E/7F
LDA #>LAST

STA TMP2+1

JSR MS190UT

Errors
The MS190UT library subroutine does not detect any errors or return error codes. If the
ending address (TMP2: $007E/7F) is lower than the starting address (TMPO:$007B/7C), this
subroutine will return normally.
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MS28IN ($F045) Registers Expected: NONE
RegistersModified: NONE

This subroutine inputs Motorola S28 or S19 directly into memory through the serid port buffer. This subroutine returns
to the caller a the end of each input line. This subroutine aso increments the ERRORS counter (location: $0085) if a

checksum error isfound. Refer to Appendix C - W65C134 Monitor Assembly Listing for specific details regarding the
internal operation of the M S28IN subroutine.

Example:

JSR MS28IN
LDA ERRORLOC ;RAM location: $0085
BNE BADLOAD ;Branchif load errors

Cancd:

This subroutine checks to determine if an ETX ($03) character has been received by the serid
input port. This means that the operator has pressed the control-C (*C) key combination and

this subroutine will return with the carry-bit SET in the Status register. If not, the carry-bit will
be CLEAR.

Errors
The OUTCH subroutine does not detect any errors, other than checksum.
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MVDATA ($F036)

This subroutine moves data from memory to memory. TMPO (RAM location: $007B) must contain the low byte of the
garting address. The high byte of the starting address must reside in TMPO+1 ($007C). The destination address must be
dored in the same format in TMP2 ($007E/7F). Register-Y must contain the number of bytes to be transferred. If

Registers Expected: Y
RegisgersMaodified: A, Y

register-Y is zero then the block size to be moved is 256 bytes.

The MVDATA subroutine actually moves the contents of the highest memory location in the source block first. The
contents of the lowest memory location in the source block are transferred last.  Therefore, if the source address is less
than the destination address, then the blocks may overlap. If the source address is greater than the dedtination address,
then the data will be corrupted. Obvioudy, if both addresses are the same, no meaningful change occurs. Refer to
Appendix C - W65C134 Monitor Assembly Ligting for specific details regarding the internal operation of the

MVDATA subroutine.

Example:

LDA #<HERE ;Source addressin RAM

STA TMPO ;locations; $007B/7C

LDA #>HERE

STA TMPO+1

LDA #<THERE ;Destination address in
STA TMP2 ;locations; $007E/7F

LDA #>THERE

STA TMP2+1

LDY #202 ;Move 202 bytes from

JSRMVDATA ;HEREto THERE.

Errors

If thereis NO RAM at the destination address, the MVVDATA subroutine will return with the
carry-bit SET in the Satus register. If no errors are detected during execution of this library

subroutine, it will return with the carry-bit CLEAR.
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OUTCH ($FO0F) Registers Expected: A
RegistersModified: NONE

This subroutine writes a character into the seria port buffer. Register-A must contain the character (7-bit ASCII) to be
sent. Refer to Appendix C - W65C134 Monitor Assembly Ligting for specific detalls regarding the internal operation
of the OUT CH subroutine.

Example:

LDA #A'

JSR OUTCH

BCS ABORTO7 ;Branch if *C received
LDA #B'

JSR OUTCH

BCS ABORTO7 ;Branch if *C received

Cancd:
This subroutine checks to determine if an ETX ($03) character has been received by the serid
input port. This means that the operator has pressed the control-C (*C) key combination and
the OUTCH subroutine will return with the carry-bit SET in the Status regigter. If not, the
carry-bit will be CLEAR.

Errors
The OUTCH subroutine does not detect any errors or return error codes.
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PRTSTR ($FO1E) Registers Expected: A, X, Y
RegisgersMaodified: A, Y

This subroutine prints a string of characters to the serid port buffer. Regigter-Y must contain the number of bytes to
send. If the specified block sze is zero, 256 bytes will be sent. Register-X must contain the low byte of the text string
address. The high byte of the string address mugt reside in register-A. Refer to Appendix C - W65C134 Monitor
As=mbly Listing for specific details regarding the interna operation of the PRT STR subroutine.

Example:

LDY #STRINGEND-STRING
LDX #<STRING

LDA #>STRING

JSR PRTSTR
BCSMYABORT ;Branchif ~C

STRING .BYTE 'Hello There!'
STRINGEND

Cancd:
This subroutine checks to determine if an ETX ($03) character has been received by the serid
input port. This means that the operator has pressed the control-C (*C) key combination and
this subroutine will return with the carry-bit SET in the Status register. If not, the carry-bit will
be CLEAR.

Errors
The PRTSTR subroutine does not detect any errors or return error codes.
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RD_CHAR ($F006) Register s Expected: NONE
RegistersModified: A

This subroutine gets a received character from the serid port if one is dready present. Otherwise it will return a NULL
($00). The dataisreturned in register-A. If an ETX ($03) character has been received by the seria input port, it means
that the operator has pressed the control-C (*C) key combination. This subroutine will then return with the carry-bit SET
in the dtatus regiger. If not, the carry-bit will be CLEAR. Refer to Appendix C - W65C134 Monitor Assembly
Ligting for specific details regarding the interna operation of this monitor library subroutine.

Example:
MYLOOP JSR MYALARM ;Check/handle alarm

JSRRD_CHAR

CMP #00

BCSMYABORT ;Branch if ~C received
BEQ MYLOORP ;Loop until character

Cancd:

This subroutine checks to determine if an ETX ($03) character has been received by the serid
input port. If S0, it means that the operator has pressed the control-C (*C) key combination
and the RD_CHAR subroutine will return with the carry-bit SET in the Status register. The
carry-bit will be CLEAR for anorma return from this subroutine.

Errors
The RD_CHAR subroutine does not detect any errors or return error codes.
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RD_CLOCK ($F04B) Registers Expected: A, X
RegistersModified: A

This subroutine reads the Time-of-Day clock into a memory buffer. It expects a pointer to a buffer which will receive the
data Regiger-A must contain the low byte of the buffer address. The high byte of the address must reside in regigter-X.

Example:

LDX #>STRING ;Set pointer to the
LDA #<STRING ;destination buffer.
JSR RD_CLOCK

The RD_CLOCK subroutine puts the seven parameters of the Time-of-Day clock in the format described in the table
(below). The advantage of using this subroutine (instead of directly reading memory**) is that the clock is prevented from
rolling while it is being copied. Refer to Appendix C - W65C134 Monitor Assembly Ligting for specific detalls
regarding theinterna operation of the RD_CL OCK subroutine.

Time-of-Day Clock Format

Byte Contents

0 Seconds

1 Minutes

2 Hours (0-23)
3 Day of Month
4

5

6

Month (1-12)
Y ear
Weekday (1-7)

NOTE: All values must be in 2's
complement format.

Errors
The RD_CLOCK subroutine does not detect any errors or return error codes.
Obvioudy, the degtination buffer must be located in RAM, or the result will not be
meaningful.

24 The stored values for the Time-of-Day clock use locations: $0063 through $0069 in RAM. Refer to Appendix C —

W65C134 Monitor Assembly Listing for more details.
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RDOA ($F021) Registers Expected: NONE
RegistersModified: A

This subroutine accepts four ASCIl HEX characters from the serid port buffer, and converts them into a 16-
bit value. It stores the resulting 2 bytes in TMPO. Refer to Appendix C - W65C134 Monitor Assembly
Listing for specific details regarding the interna operation of the RDOA subroutine (It calsRDOB twice.).

Example:

JSR RDOA
LDA TMPO
LDY TMPO+1

Errors
If errors are detected during the execution of the RDOA subroutine, it will return with
the carry-bit SET in the status register.
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RDOB ($F024) Registers Expected: A & X
RegistersModified: A

This subroutine accepts two ASCIl HEX characters from the serid port buffer and converts them into asingle
8-bit value. The resulting hexadecimal byte isreturned in register-A. This subroutine also echoes the character
to the output. The echo may be shut off via the serial 1/0 control flag byte® If a SPACE is entered in either
ASCII postion, the carry is set on return. If areturn is entered, this subroutine jumps back to the start of the
monitor, clearing the stack and effectively shutting down the caling subroutine. Refer to Appendix C -
W65C134 Monitor Assembly Listing for specific detals regarding the internd operation of the RDOB
subroutine.

Example:

JSR RDOB
CMP #$FF

Cancd:
This subroutine checks to determine if an ETX ($03) character has been received by
the serid input port. This means that the operator has pressed the control-C (*C) key
combination and this subroutine will return with the carry-bit SET in the Status
register. If not, the carry-bit will be CLEAR.

Errors
If errors are detected during the execution of this library subroutine, it will return with

the carry-bit SET in the status register.

25 The serial 1/0 control flag byteis SFLAG (location: $0072). Refer to Appendix C —W65C134 Monitor Assembly Listing
for specific details regarding the flag definitioonsin SFLAG.
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RTC _MODE ($F051) Registers Expected: A
RegistersModified: A

This subroutine sets or clearsthe DAYLIGHT SAVINGS flag. It expects one parameter in register-A. If the
parameter is. $01, the Time-of-Day clock will make daylight savings shifts when required. If register-A = $00,
no shifts® will be made. This flag is cleared by the reset initialization sequence after power-up, disabling
changes for daylight savings time. The carry-bit will be CLEAR upon a norma return from this subroutine.
Refer to Appendix C - W65C134 Monitor Assembly Listing for specific detalls regarding the interna
operation of the RTC_M ODE subroutine.

Example:

LDA #0 ;Turn the daylight
JSR RTC_MODE ;savings mode: OFF

LDA #1 ;Turn the daylight
JSR RTC_MODE ;savings mode: ON

Errors

If aparameter error is detected during the execution of the RTC_MODE subroutine,
it will return with the carry-bit SET in the Status register.

26 Daylight savings changes occur at midnight on the last Sunday in October and the first Sunday in April
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SPAC ($FO15) Registers Expected: None
RegistersModified: A

This subroutine sends out a SPACE ($20) character to the serid port buffer. The carry-bit will be CLEAR
upon a normal return from this subroutine. Refer to Appendix C - WE65C134 Monitor Assembly Listing
for specific details regarding the interna operation of the SPACE subroutine.

Example:

JSR SPAC
BCS ABORTO003;*C received

Cancd:
This subroutine checks to determine if an ETX ($03) character has been received by
the serid input port. This means that the operator has pressed the control-C (*C) key
combination and this subroutine will return with the carry-bit SET in the Status
register.

Errors
This subroutine does not detect any errors or return error codes.
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START ($F039) Registers Expected: NONE
Registers M odified: NO RETURN

Thisis not a subroutine; it is an entry point into the monitor. Invoking this function will return control to the
serial monitor, but the processor registers will not be copied into RAM. This function will reset the stack
pointer to $FF. Application programs may cadl (JSR) or jump (JMP) to this function from anywhere in
memory.

Refer to Appendix C - W65C134 Monitor Assembly Listing for specific detalls regarding the interna
operation of this monitor function.
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UPPER_CASE ($F033) Registers Expected: A
RegistersModified: A

This subroutine converts alower-case ASCII (az) character into an upper-case ASCII (A-Z) character. The character to
be converted must be passed in register-A. The converted result will be returned in register-A. If the byte is not a lower
case ASCII character, it will return unchanged. Refer to Appendix C - W65C134 Monitor Assembly Ligting for
specific details regarding the internal operation of the UPPER_CASE subroutine.

Example:

LDA #b'

JSR UPPER_CASE

CMP#B'

BNE FAILED ;Should never branch

Errors
The UPPER_CASE subroutine does not detect any errors or return error codes.

VERSION ($F000) Register s Expected: NONE
Regisers Modified: A, X,Y

This subroutine returns the monitor verson codes (3 bytes). The first byte is returned in register-A. The second byte is
returned in register-X. The third byte is returned in regigter-Y. Refer to Appendix C - W65C134 Monitor Assembly
Ligting for specific detalls regarding the internal operation of the VERSI ON subroutine.

Example:

JSR VERSION ;Get the version data.
JSR WROB ;Display M S byte.
TXA

JSR WROB ;Display middle byte.
TYA

JSR WROB ;Display LS byte.

Errors
The VERSI ON subroutine does not detect any errors or return error codes.
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WAIT ($F05A) Registers Expected: NONE
RegistersModified: NONE

This subroutine comprises a ingtruction followed by a NOP and an RTS. The WAI will sugpend dl activity until an
interrupt occurs. The interrupt will usudly be for the Time-of-Day clock. This subroutine is in the masked ROM. It
might be useful in low power gpplications wherein some hardware is on, and some off.

Example:

LOOP JSRWAIT ;Suspend until interrupt.
JSRRD_CHAR ;Get character if present.
BCSMYABORT ;~C - Cancel
CMP#0
BEQ LOOP ;Go wait for character.

Errors
The WAIT subroutine does not detect any errors or return error codes.
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WR_ACLOCK ($F04) Registers Expected: A, X
RegistersModified: A

Time-of-Day Clock Format

yte Contents
Seconds
Minutes
Hours (0-23)
Day of Month
Month (1-12)
Year
Weekday (1-7)

OO wWNEFOm

NOTE: All values must be in 2's
complement format.

This subroutine may be used to set the darm function. It expects a pointer to a buffer containing the seven parameters
associated with the darm and Time-of-Day clocks. Register-A must contain the low byte of the buffer address. The high
byte of the address mugt reside in register-X. The buffer contents will be interpreted according to the format in the table

(right).

The WR_ACLOCK subroutine will only change the settings of the darm function. (Refer to the WR_CLOCK
subroutine description regarding the Time-of-Day clock.) If any of the darm time parameters is set to $FF, that
particular field will be ignored when comparing the darm time to thereal time.

Example:
LDA #<BIG_EVENT
LDX #BIG_EVENT
JSR WR_ACLOCK

BIG_EVENT  .BYTE 00,00,13,01,03,89,FF

Refer to Appendix C - W65C134 Monitor Assembly Listing for specific detalls regarding the interna
operation of the WR_ACL OCK subroutine.

Errors
The WR_ACLOCK subroutine does not detect any errors or return error codes.
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WR_ADDR ($F027) Registers Expected: A & X
RegistersModified: A

This subroutine prints a 16-bit value in ASCII HEX format to the UART. Register-A must contain the least significant
byte of the data The most sgnificant byte must reside in regiger-X. Refer to Appendix C - W65C134 Monitor
Assembly Ligting for specific details regarding the interna operation of the WR_ADDR subroutine.

Example:
LDX #$FO ;MS Byte
LDA #3$02 ;LS Byte

JSR WR_ADDR ;Prints: "FOO2"

Cancd:
This subroutine checks to determine if an ETX ($03) character has been received by the serid
input port. If so, it means that the operator has pressed the control-C (*C) key combination,
and the WR_ADDR subroutine will return with the carry-bit SET in the status register. If
not, the carry-bit will be CLEAR.

Errors
The WR_ADDR subroutine does not detect any errors or return error codes.
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WR_CLOCK ($FO4E) Registers Expected: A, X
RegistersModified: A

Time-of-Day Clock Format

yte Contents
Seconds
Minutes
Hours (0-23)
Day of Month
Month (1-12)
Year
Weekday (1-7)

OO, wWNEFOm

NOTE: All values must be in 2's
complement format.

This subroutine may be used to set the Time-of-Day clock function. It expects a pointer to a buffer containing the seven
parameters associated with the darm and Time-of-Day clocks. Register-A must contain the low byte of the buffer
address. The high byte of the address must reside in register-X. The buffer contents will be interpreted according to the
format in the table (right).

The redl advantage of using this subroutine over directly accessing memory?” is that the Time-of-Day clock will not roll
whileit is being written. Refer to Appendix C - W65C134 Monitor Assembly Listing for specific details regarding the
internal operation of the WR_CL OCK subroutine.

Example:

LDX #>NEWTIME ;Set TOD Clock
LDA #NEWTIME
JSRWR_CLOCK

NEWTIME .BYTE 00,00,13 ;1PM, Friday, June 19, 1993
.BYTE 19,06,93,6

Errors:
The WR_CLOCK subroutine does not detect any errors or return error codes.

27 The stored values for the Time-of-Day clock use locations: $0063 through $0069 in RAM. Refer to Appendix C —

W65C134 Monitor Assembly Listing for more details.
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WROB ($F02A) Registers Expected: A
RegistersModified: A

This subroutine writes a byte from register-A as two ASCII HEX charactersto the serial port buffer. Refer to Appendix
C - W65C134 Monitor Assembly Listing for specific details regarding the interna operation of the WROB subroutine.

Example:

LDA #$AB
JSR WR0B ;Prints: "AB"

Cancd:
This subroutine checks to determine if an ETX ($03) character has been received by the serid
input port. If S0, it means that the operator has pressed the control-C (*C) key combination
and the WROB subroutine will return with the carry-bit SET in the status register. If not, the
carry-bit will be CLEAR.

Errors
The WROB subroutine does not detect any errors or return error codes.

W65C134S Monitor ROM Reference 73



Development Tools

The W65C134 monitor was developed by The Com Log Company, Inc. to support the Project Computer.”® It therefore makes
some basic assumptions about the hardware configuration, and aso about how some features may be used by the software. These
assumptions are not unreasonably redtrictive.

The Project Computer was designed to be a prototyping platform for products using the W65C134. It's features were sdected
after considering just "How" the W65C134 would be used in products. Com Log has used the Project Computer as the basis for
over adozen projects and products, including: telephones, controllers, and test equipment.

A fundamenta assumption of the W65C134 monitor is that most software development will occur in a separate, "hogt" system
which may communicate with the target system viathe serid port. Compilations, assemblies, and linking will be performed on the
host system. Executable object may be placed in EPROM or downloaded serialy to RAM as S19 or S28 records. The monitor
makes no specific assumptions about the host system. 1t may be an Apple 11, Maclntosh, IBM compdtible, or even a mainframe
computer system.

Most of the debugging capabilities of the W65C134 monitor only work if the program residesin RAM. Some features are useful
even in the minimum configuration (ie. no externd RAM or EPROM).

The code examples in this manua were written, assembled, and linked on an IBM AT using 2500AD's 65C816 cross assembler
#and linker. It is the preferred cross assembler for IBM compatibles. The tools from 2500AD are smple to use, very powerful,
with good macro capability, and the company has been very responsve to questions and problems. Other cross-assemblers are
available and may better suit the user's preferences.

The MANX 'C' compiler runs only on the Apple I family and produces code which can be used on the W65C134.%°

The Com Log Company, Inc*. offers an optiona BASIC interpreter for the Project Compuiter. It residesin EPROM at locations:
$A000-$DFFF. Theinterpreter adlows BASIC programs to be entered, edited, saved and downloaded viathe serid port. Whileit
can utilize features specific to the Project Compuiter, the interpreter only requires the W65C134 internal monitor.

Com Log BASIC has two important festures: (1) BASIC programs may be placed in EPROM for stand-alone operation, and (2) It
supports user interrupts for redl-time control applications.

28 The Project Computer actually contains two monitors. The W65C134 internal ROM monitor supports the most generic

features. The Extended Monitor residesin EPROM locations: $E000 through $EFFF. It supports specific features which are unique
tz% the Project Computer configuration (ie. pushbuttons, LCD display, etc.).

2500AD Software Inc

109 Brokdale Ave, Box 480

BuenaVista, Colorado 81211

Telephone: (719) 395-8683

Compilersfor the Apple I1GS may not produce correct code for the W65C134.

The Com Log Company, Inc.

7825 East Redfield Road, Suite A

Scottsdale, Arizona 85260

30
31
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Appendices

Appendix A - W65C134 Monitor Commands

?orH

SPACE

G(CR)

W65C134 Monitor Commands

Lists the commands available
Reads current time of day clock and displays the result
Display processor registers (PC, F, A, X, Y, SP)

Alter registersinthe order PCFA X Y SP. A space skips
to the next register. A carriage-return ends the command.

Alter Memory address and locations. The first 4
characters entered after the ‘M’ set the current address
pointer. Each pair of characters entered after the address
changes the byte at the current address. A space entered
after a byte change increments the current address pointer.
A CR will end the command, and can be entered after the
initial address or any number of byte changes.

Displays memory from start address to end address

Theformat is. D SSSS EEEE
wherein: SSSSisthe start address
EEEE is the end address

Increment the current address and display the contents.
(The M command above, can set the current address
pointer.)

Decrement the current address and display the contents.
(The M command above, can set the current address
pointer.)

Uses the current address pointer and displays the contents.

Fill memory from start address to end address with value.
Theformat is; F SSSS EEEE W.
wherein:  SSSSis the start address

EEEE is the end address

W isthefill character/bytes.

Theformat is: V SSSS EEEE XX
wherein: SSSSisthe start address
EEEE is the end address
XX isthe number of bytes
If XX -0, the 256 bytes are moved.

Begin execution from the current address in the PC.
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GADDR Set PC to ADDR and begin execution.

JCR)
JADDR

U

B

K

Do a JSR to the current PC address

Do aJSRto ADDR

Jump through the USR command vector. (This is a hook
to allow additional command to be added to the monitor.)

Jumps to BASIC cold start

Jumps to BASIC warm start

/O Commands

X

Switches the system from hardware handshake to X ON-
XOFF. Thisis atoggle command, each time X is entered,
the system switches. The flag is zero for hardware
handshake.

Start of a data record in Motorola S28 or S19 format.
When this command is received, data is not echoed until a
CR isreceived. This command is used to load programs,
etc and the Error (E) command should be used after
loading a number of S28 records to check for date errors.

Output data in Motorola S28 format. This command
outputs 18 byte records (the last record may be less) from
start address to end address.
Theformat is: W SSSS EEEE
wherein: SSSSis the start address

EEEE is the end address

Display the number of S28 receive errors noticed. While
‘S records are received, an accumulation of checksum
errors is kept. This command displays that accumulation.
Once displayed, the error number will be cleared to 0.

Displays a checksum of memory from start address to end
address.
Theformat is: C SSSS EEEE
wherein:  SSSSis start address
EEEE is end address
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Appendix B - W65C134 Monitor Subroutines

‘FO00.ASM — Entry points to the monitor ROM’
VERSION EQU $F000 ; GET FIRMWARE MONITOR VERSION DATA.
ACL_INIT EQU $F003 ; INITIALIZES SERIAL COMMUNICATION.
RD_CHAR EQU $F006 ; RETURNS NEXT CHARACTER FROMSERIAL.
CK_CONTC EQU $F009 ; RETURNS W/ CARRY SET IF CONTROL-C INPUT.
GETCH EQU $FO0C ; READ SERIAL CHARATER, IF PRESENT.
OUTCH EQU $FOOF ; WRITE CHARACTER/BYTE TOSERIAL PORT.
CRLF EQU $F012 ; PRINT CARRIAGE RETURN & LINE FEED.
SPAC EQU $F015 ; PRINTS A SPACE CHARACTER.
ASCBIN EQU $F018 ; ASCIl TO BINARY CONVERSION.
BINASC EQU $F01B ; BINARY TO ASCIlI HEX CONVVERSION.
PRTSTR EQU $FO1E ; PRINTS A STRING OF CHARACTERS.
RDOA EQU $F021 ; READS AN ADDRESS (FOUR ASCIl HEX CHARS.)
RDOB EQU $F024 ; READS A BYTE (TWO ASCII HEX CHARACTERS.)
WR_ADDR EQU $F027 ; WRITE AN ADDRESS AS FOUR ASCII HEX CHARS.
WROB EQU $F02A ; WRITE A BYTE ASTWO ASCIlI HEX CHARACTERS.
I1SUM EQU $F02D ; CHECKS FOR ASCII DECIMAL DIGIT.
IFASC EQU $F030 ; CHECKS FOR DISPLAYABLE ASCIlI HEX CHARACTERS.
UPPERCASE EQU $F033 ; CONVERT LOWER CASE ASCIl TO UPPERCASE.
MVDATA EQU $F036 ; MOVE A BLOCK OF MEMORY DATA.
START EQU $F039 ; JUMPS TOCOMMAND PROMPT & RESETS STACK.
HEXIN EQU $FO3C ; CONVERTS ASCII HEX INPUT TO BINARY.
BIN2DEC EQU $FO3F ; CONVERTS BINARY TO PACKED DECIMAL.
MIS190UT EQU $F042 ; OUTPUT MEMORY IN MOTOROLA S19 FORMAT.
MS28IN EQU $F045 ; INPUTMOTOROLA S19 OR S28 RECORDS.
CHK_SUM EQU $F048 ; CALCULATE CHECK SUM ON MEMORY BLOCK.
RD_CLOCK EQU $F04B ; READ TIME-OF-DAY CLOCK INTO BUFFER.
WR_CLOCK EQU $FO4E ; WRITE BUFFER INTO TIME-OF-DAY CLOCK.
RTC_MODE EQU $FO51 ; SET/CLEAR DAYLIGHT SAVINGS MODE.
WR_ACLOCK EQU $F054 ; WRITE BUFFER INTO PROGRAMMABLE ALARM.
EXTRESET EQU $F057 ; VECTOR W/TESTING, TO EXTERNA; RESET.
WAIT EQU $FO5A ; WAIT UNTIL INTERRUPT OCCURS & RETURN.

.END
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‘Important Internal RAM Locations Used By Monitor Subroutines

UCMDPTR EQU $0050 ; Pointer to user command processor

; Time-of-Day Clock

SEC EQU $0063 ; Seconds 0-59

MIN EQU $0064 ; Minutes 0-59

HR EQU $0065 ; Hours 0-23

DAY EQU $0066 ; Day of month 1-28, 28, 30, 31
MONTH EQU $0067 : Month 1=JAN, 12=DEC

YR EQU $0068 s Year

DAYWK EQU $0069 ; Day of week 1=Sunday, 7=Saterday

; Daylight Savings Time Mode Flag
DAYLIT EQU $006A ; Bit #0: MODE 1=0ON, 0=0OFF
; Bits $1-6: Not used.

; Programmable Alarm

ASEC EQU $006B ; Seconds 0-59

AMIN EQU $006C ; Minutes 0-59

AHR EQU $006D ; Hours 0-23

ADAY EQU $006E ; Day of month 1-28, 28, 30, 31
AMONTH EQU $006F : Month 1=JAN, 12=DEC

AYR EQU $0070 s Year

ADAYWK EQU $0071 ; Day of week 1=Sunday, 7=Saterday

; Serial Communication Control Flag
SFLAG EQU $0072 : Bit #1: "C received
: #5: Echo control 1=OFF, 0=ON

; Alarm Flags
MONFLGS EQU $0072 ; Bit #3: Alarm enable
; #4: Alarm interrupt occurred

; Working Variables

TMPO EQU $007B  ;
TMP2 EQU $007E  ;
TMP4 EQU $0081  ;
TMP6 EQU $0083  ;

; Errors Flag From Loading ‘S’ Records

; Locations w/ special meaning. (Refer to text for details.)

; $0200-0202 = ‘“WDC' for user startup routine in RAM

; $8000-8002 = ‘“WDC' for user startup routine in EPROM
; $EOOO = $4C (IMP) for additional initialization

; $EFFD = $4C for aternate parser

.END

ERRORS EQU $0085 ; Thismust be cleared by user, but is incremented by loader.
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W65C134 Monitor Subroutine

FOOO0 VERSION GET MONITOR VERSION
Returns monitor version in register-A,

register-X, and register-Y.

FO03 ACI_INIT INITIALIZESACIA
Initializes ACI to baud rate in register-A, data length in
register-X, and parity in register-Y.
Anything in the current buffers is flushed.
Baud rate values are:

A BaudRate A Baudrate
0 75 6 1800
1 110 7 2400
2 150 8 4800
3 300 9 9600
4 600 A 19200
5 1200 B 38400

Register-X has data length:
7 -7 hits
8 — 8 hits
Register-Y has parity:
BO -1 enables
B1 - 1: even parity
B1 - 0: odd parity

FO06 RD_CHAR RETURNS A CHARACTER
from ACIA (if present). Otherwise it will
return a00 (null). Thecarry bit=1if "Cis
encountered, and control-C flag will be
reset. (See CK_CONTC).

FO09 CK_CONTC RETURNSWITH CARRY SET IF°C
Checks for a control-C and returns w/carry = 1 if detected,
elsereturns with carry = 0

FOOC GETCH READ ACIA

Waits until a character is received. Returns w/carry = 1 if
"C and register-A = null ($00). The
control-C flag will be reset (see
CK_CONTC). This subroutine will aso
echo the character. The echo feature may
be switched off via bit-5 of SFLAG (addr
0072).

FOOF OUTCH WRITEACIA
Register-A must contain the character (7-bit ASCII) to be
sent. This will return w/carry = 1 if "C
detected, or carry = 0 for normal.
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F012

FO15

FO018

FO1B

FO1E

FO21

F024

Fo27

FO2A

CRLF PRINT A CARRIAGE RETURN
(Modifies register-A.) This will return w/carry = 1 if "C
detected, or carry = 0 for normal.

SPAC PRINTS A SPACE
(Modifies register-A.) This will return w/carry =1 if "C
detected, or carry = 0 for normal.

ASCBIN ASCII TO BINARY CONVERSION
Expects: register-A = ASCIl LSB and register-X = ASCII
MSB. Returns w/binary result in register-
A.

BINASC CONVERTSBINARY TO ASCII HEX
Expects: binary in register-A and returns w/register-A =
LS nibble in ASCII HEX. Register-X will
contain the MS nibble in ASCII HEX.

PRTSTR PRINTSA STRING
Expects: Register-A = MSB of string address, register-X =
LSB, and number of characters (0 means
256) in register-Y. (Modifies registers: A
& Y.) This will return w/carry = 1 if °C
detected, or carry = 0 for normal.

RDOA READS ADDRESS (4 ASCIlI HEX CHRS)
Accepts 16-bit value as four ASCII HEX digits from
ACIA. Returns. (No Errors) TMPO = LSB
and TMPO = 1 = MSB. (Locations. $007B
and $007C) This subroutine will also echo
the character.

RDOB READSBYTE (2 ASCII HEX CHRS)
Accepts8-bit value as two ASCII HEX
digits from ACIA. Returns: register-A (No
Errors) This subroutine will also echo the
character.

WR_ADDR WRITE AN ADDRESS AS ASCII

HEX

Returns: carry = 1 if "C detected.

WROB  WRITEA BYTE ASASCII HEX
Returns: carry = 1 if “C detected.
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W65C134 Monitor Subroutine

FO2D 1SUM CHECKS IF ASCII DECIMAL DIGIT
Returns: carry = 1 if register-A is not ASCII decimal digit.
Carry = 0 when it is ASCII decimal digit.

FO30 IFASC CHECKSIFITSASCII
Returns: carry = 1 if register-A is not a displayable ASCII
character. If $1F < char < $7F, then Carry
=0.

F033 UPPER_CASE LC TO UC TRANSLATION
The ASCII character in register-A is converted to upper
case ASCII.

F036 MVDATA MOVE BLOCK OF MEMORY DATA

Expects. Source address in word at TMP0/$007B (Format:
LSB, MSB) and the word at TMP2/$007E
holds the destination address. Register-Y =
# of bytes to be moved. If Y = 0, it will
move 256 bytes. OVERLAP WARNING:
Memory blocks are moved from high end
first. Returns: Carry = 1 if no RAM at
destination location.

FO39 START NOT A SUBROUTINE
This is used to get back to the command prompt for the
monitor. It resets the stack from the
memory location that gets updated on the
BRK command.

FO3C HEXIN  CONVERT ASCII HEX TO BINARY
Expects: ASCII HEX in register-A, and returns binary also
in register-A.  Norma: carry =0; if not
ASCII HEX, then carry = 1.

FO3F BIN2DEC Converts value in register-A from hex to packed
decimal. Do not exceed 99.

F042 MS190UT MOTOROLA S19 OUTPUT
Writes a block of memory to the UART using the
Motorola ‘S19' record format. Expects:
TMPO/$007B = starting address and
TMP2/$007E = ending address.
TMP6/$0083 = Offset address. Address
field of S-Record is data address + offset)

FO45 MS28IN MOTOROLA S28 INPUT (Also S19)

Reads Motorola ‘S records from UART
and update ERRORS ($0085) counter.

W65C134S Monitor ROM Reference

F048 CHK_SUM CALCULATED CHECK SUM
Caculates checksum for a block of memory. Expects:
TMPO = dtarting address and TMP2 =
ending address. Returns.  computes
checksum word inTM P4/$0081.

FO04B RD_CLOCK READ TIME-OF-DAY CLOCK
Copies Time-of-Day Clock data to a buffer wo/wrap risk.

Expects: Pointer to buffer, wherein register-
A = LSB and register-X = MSB. The time
buffer format: Bytes Contents

Seconds

Minutes

Hours (0-23)

Day of Month

Month (1-12)

Year

Weekday (1-7)

o

OO0 WN PR

FO4E WR_CLOCK LOAD TIME-OF-DAY CLOCK
Copies a time buffer into the Time-of-Day Clock wolwrap
risk. Expects: Pointer to buffer, wherein
register-A = LSB & register-X = MSB.

FO51 RTC_MODE DAYLIGHT SAVINGS MODE
This subroutine sets/clears the flag which instructs the
Time-of-Day clock to make daylight saving
shifts when appropriate. Expects: register-A
= 1, Daylight Savings mode ON. If
register-A = 0, no shifts will be made.
Returns: carry = 1 on error.

F054 WR_ACLOCK SET PROGRAMMABLE ALARM
Copies a time buffer into the Programmable Alarm.
Expects: Pointer wherein register-A = LSB
and register-X = MSB. ($FF = Wild Card)

FO57 EXTRESET NOT A SUBROUTINE
Entry point to external ROM reset logic.

FOS5A WAIT WAIT FOR INTERRUPT

This subroutine executes a WA instruction which puts the
CPU to sleep until an
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