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1) Introduction

The design goal of Neo6502 was to make a simple modern retro computer with 6502 processor. 

A computer with a modern video interface like HDMI, USB keyboard, and USB flash drive as 
storage. HDMI output was chosen as everyone has a TV with HDMI input at home and USB 
keyboards are the mainstream device for input. 

With the task to provide HDMI and USB interface we chose RP2040 which already has DVI bit 
bang project and USB host.

RP2040 also has enough RAM so we decided to use RP2040 to emulate also the RAM memory for 
6502.

For the 6502 processor we chose W65C02 from WDC as they are still in mass production and can 
be purchased freely.

The Neo name was taken for two reasons, first it implies the modern design, then we liked the 
analogy with the movie The Matrix as W65C02 lives in a virtual world and thinks it has real 
memory, video, and keyboard but actually all this is virtual and emulated by the RP2040.

Neo6502 is Open Source Hardware, all CAD files, and firmware are available on github, so people 
can study and modify.

As the main components are a 65C02 and a Raspberry Pi Pico, the 65C02 runs the machine code (at 
about 6.3Mhz) and the Pico does pretty much everything else.

Most of this document describes its use for a seperate new Retrocomputer design, codenamed 
„Morpheus“. As such, references to files and example folders mostly apply to the contents of 
the Morpheus release zip file1.

There are other projects which use the board to emulate real machines; currently the Apple 2 and 
Oric are available, with Commodore 64 in development2.

There are other models of this board. Early adopters had a developer version which is almost 
identical, but Purple rather than Red, and which required a couple of wires to work properly.3

There is also a 'portable' machine named the Neo6502pc, which has a LCD Screen, 4 UEXT sockets 
and a built in USB hub.

+ Important notice: If Neo6502 is used without a box be careful of placing it on a metal surface, 
also be careful of dropping metal objects on top of the PCB! This can lead to short-circuits and 
damage.

1See   https://github.com/paulscottrobson/neo6502-firmware/releases/
2See   https://github.com/B3rndK/C64Neo6502
3Depending on Firmware:
Pico 6502 memulator: UEXT Pin 3 to Bus Pin 40, see   https://github.com/marobi/Pico_6502_v4_ehbasic
Apple 2/Oric: see   https://github.com/vsladkov/reload-emulator?tab=readme-ov-file#hardware
Note: as stated above, these wire connections should not be necessary with the Red Rev. B board

https://github.com/vsladkov/reload-emulator?tab=readme-ov-file#hardware
https://github.com/marobi/Pico_6502_v4_ehbasic
https://github.com/B3rndK/C64Neo6502
https://github.com/paulscottrobson/neo6502-firmware/releases/
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List of features:

 Real 65C02 Processor clocked at 6.25 Mhz executing every instruction as it was executed in 
early retro computers, no emulation for the processor, all timing is exact

 RP2040 with 2MB of SPI Flash, easy to load new firmware via drag and drop virtual drive

 "Clean" machine, 64k RAM available

 Storage USB Key (optionally can use SD Card)

 USB Mouse and Gamepad support

 Audio buzzer which you can enable/disable

 Audio 3.5mm connector for external audio amplifier

 Wifi support (requires additional inexpensive board)

 6502 BUS connector with all signals

 UEXT interface to access a wide range of hardware add ons

 BASIC support for Serial, I2C and SPI hardware via UEXT Connector

 Fast structured BASIC with hardware support and inline assembler

 BASIC can be edited on screen, or using a text editor

 320 x 240 256 colour display on HDMI/DVI with a palette

 32k Graphics RAM for tiles and sprites

 128 sprites up to 32x32 pixels

 Multiple tile maps (16x16 tiles, can be double sized)

 High speed drawing features

 Turtle Graphics

 Blitter for high speed graphics

 4 channels of square wave or white noise sound

 Predefined set of sound effects.

 High Speed Integer/Floating point arithmetic

 Cross development support

 Accurate cross platform emulator for Windows/Mac/Linux, only requires SDL2

 Serial link to PC for Cross-Development

 Program in PASCAL using Mad Pascal compiler

 Program in 'C' using CC65 and LLVM

 All software and hardware is open source

 Documentation, samples, explainers and games, all open source

 Low cost purchase, sold for 30 Euros
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Where can you buy a Neo6502?

Olimex (Europe and worldwide)

https://www.olimex.com/Products/Retro-Computers/Neo6502/open-source-hardware

The home of the Neo6502 is Plovdiv in Bulgaria, and all the hardware can be bought from Olimex, 
who deliver worldwide.

Authorised Resellers

Mouser (Worldwide)

https://eu.mouser.com/ProductDetail/Olimex-Ltd/Neo6502?
qs=VJzv269c%252BPb5v1hcPBvA4w%3D%3D

Mouser stock Neo6502s for next day delivery.

The Pi Hut (UK)

https://thepihut.com/products/olimex-neo6502

For UK residents the Pi Hut is an option.

Agon Australia (Australia ... unsurprisingly)

https://www.tindie.com/products/agon/neo6502-rev-b-available-now/

Supporters of the truly dreadful Agon Light (note: this is not serious, it's a great piece of hardware) 
have come to their senses and have started stocking the Neo6502.

DigiKey (Worldwide)

https://www.digikey.nl/en/products/detail/olimex-ltd/NEO6502/22078296

Digikey stock Neo6502s for next day delivery

Missing suppliers who wish to be added contact me on Discord

https://www.digikey.nl/en/products/detail/olimex-ltd/NEO6502/22078296
https://www.tindie.com/products/agon/neo6502-rev-b-available-now/
https://thepihut.com/products/olimex-neo6502
https://eu.mouser.com/ProductDetail/Olimex-Ltd/Neo6502?qs=VJzv269c%252BPb5v1hcPBvA4w%3D%3D
https://eu.mouser.com/ProductDetail/Olimex-Ltd/Neo6502?qs=VJzv269c%252BPb5v1hcPBvA4w%3D%3D
https://www.olimex.com/Products/Retro-Computers/Neo6502/open-source-hardware
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2) Getting Started

Wire up the board. The board turns on as soon as power is supplied. It comes pre-flashed with an 
Apple 2 emulator and ProDos. For the emulator to run without major issue, leave all the dip 
switches in the ON position. F12 key is reset.4 For further information on ProDos, see: 
https://prodos8.com/

This next section helps you get the board up and running with the Morpheus firmware. If you want 
to use the Apple, Oric or C64 emulators, or any other firmware, the process is similar, but you use a 
different UF2 file.

Setting the DIP switches

There is a small configuration slide switch next to the long connector on one side of the board, 
marked "SWITCH1". Olimex supplies these as "all on" (as per the diagram above).

The first switch enables and disables the buzzer. Switches 2-4 connect UEXT lines to NMI, IRQ 
and Reset (see back side of the board) and it is strongly recommended that these are set to off.

USB Key

The USB key should be formatted to FAT32.

4https://github.com/vsladkov/reload-emulator?tab=readme-ov-file#hardware  
external wiring not necessary when dip-switches all ON

https://prodos8.com/
https://github.com/vsladkov/reload-emulator?tab=readme-ov-file#hardware
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Wiring it up

1. Plug the HDMI Monitor into the HDMI connector using a standard HDMI cable.

2. Plug the USB hub, if you are using one, or the keyboard, into the USB host socket and plug 
the Gamepad, USB Key and Keyboard into the USB host

3. Plug the power cable into the USB C socket, and connect the other end to power.

As stated above, this should boot up the Apple 2 emulator, which should appear in the form of a 
menu of games, which you can select and run using the keyboard.

If not, try removing the USB host and just plugging the keyboard into the middle socket.

If this doesn't work, try reprogramming it with Morpheus (see below) and see what happens there.

Note for SD Card users

If you are using the SD card it should come with a short ribbon cable which plugs into the SDCard 
board and the UEXT socket on the Neo6502 board.



10

Flashing the Morpheus Firmware
First you need to download the current release of the Morpheus software here:

https://github.com/paulscottrobson/neo6502-firmware

The releases are on the right of the screen. Clicking on it should show the releases page which has a 
link to "neo6502.zip"

Download and extract this file. You will see something like this, this is Linux, but it will be very 
similar on Windows or Macintosh.

Initially you need one of the two files in the middle: "firmware_usb.uf2" or "firmware_sd.uf2". 
Most people will need the first one, the second one is if you use an SD Card for storage.

You can also copy the examples/basic files to your storage device (normally the USB key). It is 
recommended you create one file just for testing.

Flash the new firmware as follows:

1. Disconnect everything from the board.

2. You now need to put the board into "Upload" mode. This is a similar upload to any other Pi 
Pico device. Hold the boot button down (see the picture above) and connect the board to 
your PC via the USB-A port, then release the boot button. If you have already put the board 
in the case there is a hole to access the boot button which needs something thin and pointy (I 
use an old multimeter probe).

https://github.com/paulscottrobson/neo6502-firmware
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The board should now appear in the file system of your host computer. For example, on 
Linux/Gnome it is like shown below. Exactly what you see will depend on your operating system 
and desktop, but you should see "RPI-RP2" mounted as a drive.

You now need to copy the uf2 file to this drive. This again depends on the system you are using, but 
drag-and-drop usually works fine.

Hopefully the board should reboot now. The machine should make it's boot sound (a low beep and a 
high beep - it sounds like a BBC Micro) listen here . Disconnect the board from your PC and wire it 
as as discribed above. On boot it should display the Neo6502 logo, title, and Olimex title.

What does the boot screen mean

Below the logos, you should see:

 Morpheus Version

The Morpheus title and version in Pink.5

 Storage Type

It should say "USB Storage" or "SD Card Storage" depending on your choice of firmware

 USB Devices

Depending on what you connected, our USB devices should now be listed in a similar fashion to:

No driver found for 04D9:0006

USB Key found 0781:55a3

Gamepad driver found 081f E401

In case not all devices are detected, this does not matter.

5Latest version as of July 2025 is "Morpheus Firmware: v1.0.0"

https://www.youtube.com/watch?v=Nd9MzxIbuQI
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Check it works and doing a Catalogue

Below the USB list it should say "Welcome to NeoBasic" in green. You are now running a classic 
BASIC interpreter - so for example

print 22/7  [ENTER]

causes 3.142857 to be printed. If you type

cat

it should list all the files in the root directory of the USB key, albeit not in any particular order.

Try the following commands:

cls clears the screen

*cd (directory) change to directory

mon enters a machine code monitor

who displays the contributors list

[ESC] interrupts a BASIC program

[CTRL] + [LEFT ALT] + [RIGHT ALT (Gr)] resets the machine

Note that commands and filenames are not case-sensitive.
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Running a simple BASIC program
To get you started, and show you some of our neater features, we will write a very simple BASIC 
program, which many of you will have seen many times.

10 for i = 1 to 10

20 print "Hello, world !"

30 next

and type run to run it, like this:

Editing, Saving, Loading and "Cat"ting

Morpheus comes with an on screen editor6. You can move the arrow keys up and make the 10 at the 
end of line 10 to 20, press [ENTER] and run it again.

You can save your program with

save "hello.bas"

It is a convention that .bas is used for BASIC files, but it's not mandatory. You can reload it 
with load "hello.bas"  and run it with  run "hello.bas"

cat  should show it stored in the directory. If you have lots of files already you can

cat "hell"  which will show all files with hell in it.

6It also supports DEL and INS. Press [ENTER] to apply changes.
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Where Next
So you now have a working Neo6502. Here are some places to explore.

Discord

There is an active discord where you can ask questions or whatever of the people involved in 
software and hardware, and ask for assistance.

There is a link to join it https://discord.gg/tTtarCcrzf

Facebook

There is a facebook group https://www.facebook.com/groups/745798620676673

Programming Languages available

C and Pascal development are currently working well (both LLVM and CC65) as well as Assembler 
and BASIC. Forth and a variant are currently under development. There is an early version of 
LLVM documentation and a more complete Pascal example on the wiki page7.

Other software

Other software is available, linked from the Wiki, now including a Tile map and Sprite editor, and a 
file manager, and some games.

Assembler, BASIC, C and Pascal examples

Under the "examples" folder are a variety of sample programs some of which are full programs, 
some demonstrate specific features of BASIC or the API. The .bsc files are text versions of the 
BASIC files.

The Youtube series

There is a 7 part youtube video series of about 30 minutes which walks through programming a 
simple game in BASIC using cross development and external tools. Much of it is applicable to C 
and Pascal which uses the same API - many BASIC commands are simple wrappers round the API 
functions.

7https://neo6502.com/wiki/home/  

https://www.youtube.com/watch?v=FbcAHRVTqpE&list=PLP0Pow806SUMAOoiHSks_xqrspu9pPwnN
https://neo6502.com/wiki/home/
https://www.facebook.com/groups/745798620676673
https://discord.gg/tTtarCcrzf
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3) Software
Starting programs at boot
On start, if there is a program called "autostart.bas" in the root directory of the storage medium, it 
will be run.

If this file does not exist, or the "A" key is held on power on, then this will be skipped.

This file can be created like any other BASIC file.

Keyboard Locales
Locales are available for the following

US (default)

DE (Germany)

FI (Finland)

GB (Great Britain)

IT (Italy)

CH (Switzerland)

SW (Sweden)

To create additional locale, base it on the files here and either create it as a pull request or send it to 
me personally.

The locale is set using the command: locale "abbr."

This can be included in the autostart.bas boot program, e.g.:

10 locale "GB"

Note: at present we only support ASCII characters 32-127

Example for an autostart.bas:

10 locale "GB" 'sets locale to Great Britain
20 fkey 10,chr$(12) 'maps CLS on F10
30 new 'clears autostart.bas from the BASIC interpreter

https://github.com/llvm-mos/llvm-mos-sdk/
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Using MOS commands to access File functionality
The MOS interface is a way of accessing system functions such as delete, rename and so on, in one 
of three ways

they can be typed in at the command line with an asterisk (e.g. *del myfile.txt)

they can use the API function which takes a string in group 2

they can use the BASIC command which takes a string (e.g. mos "del myfile.txt" )

they can use the BASIC function which takes a string (e.g. print mos("del myfile.txt") )

Parameters can be delimited using spaces, single quotes or double quotes

The following commands are supported

 *. or cat , same as CAT, directory listing with mask

 *del (file) deletes a file

 *copy (file1) (file2) copies a file

 *file (file) checks a file exists

 *ren (file1) (file2) renames a file

 *md (directory) create directory

 *cd (directory) change to directory

These commands should remain unchanged but may be extended arbitrarily.
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BASIC Commands (Graphics)
The graphics commands are 

 MOVE, 

 PLOT (draws a pixel), 

 LINE (draws a line) 

 RECT (draws a rectangle) 

 ELLIPSE (draws a circle or ellipse) 

 IMAGE (draws a sprite or tile), 

 TILEDRAW (draws a tilemap) and 

 TEXT (draws text)

The keywords are followed by a sequence of modifiers and commands which do various things as 
listed below

Keyword Notes

from x,y Sets the origin position, can be repeated and optional.

to x,y
Draw the element at x,y or between the current position and x,y depending on the 
command. So you could have text "Hello" to 10,10 or rect 0,0 to 100,50

by x,y Same as to but x and y are an offset from the current position
x,y Set the current position without doing the action
ink c Draw in solid colour c, to be placed directly after the graphics command
ink a,x Draw by anding the colour with a, and xoring it with x.
solid Fill in rectangles and ellipses. For images and text, forces black background.
frame Just draw the outline of rectangles and ellipses

dim n
Set the scaling to n (for TEXT, IMAGE, TILEMAP only), so text "Hello" dim 2 to 
10,10 to 10,100 will draw it twice double size. Tiles can only be 1 or 2 (when 2, tiles are 
drawn double size giving a 32x32 tile map)

These can be arbitrarily chained together so you can do (say) LINE 0,0 TO 100,10 TO 120,120 TO 
0,0 to draw an outline triangle. You can also switch drawing type in mid command, though I 
probably wouldn't recommend it for clarity.
State is remember until you clear the screen so if you do INK 2 in a graphics command things will 
be done in colour 2 (green) until finished.
TEXT is followed by one parameter, which is the text to be printed, these too can be repeated

TEXT "Hello" TO 10,10 TEXT "Goodbye" DIM 2 TO 100,10

IMAGE is followed by two parameters, one specifies the image, the second the 'flip'. These can be 
repeated as for TEXT.
The image parameter is 0-127 for the first 128 tiles, 128-191 for the first 64 16x16 sprites and 192-
255 for the first 64 32x32 sprites. The flip parameter, which is optional, is 0 (no flip) 1 (horizontal 
flip) 2 (vertical flip) 3 (both). An example would be

image 4 dim 2 to 10,10 image 192,3 dim 1 to 200,10

Note that images are $not$ sprites or tiles, they use the image to draw on the screen in the same way 
that LINE etc. do.
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Colour
code

Colour

0 Black/Transparent
1 Red
2 Green
3 Yellow
4 Blue
5 Magenta
6 Cyan
7 White
8 Black
9 Dark Grey
10 Dark Green
11 Orange
12 Dark Orange
13 Brown
14 Pink
15 Light Grey

Sprite Commands
Sprite commands closely resemble the graphics commands.

They begin with 

 SPRITE {n} which sets the working sprite. Options include 

 IMAGE {n} which sets the image, 

 TO {x},{y} which sets the position, 

 FLIP {n} which sets the flip to a number (bit 0 is horizontal flip, bit 1 is vertical flip), 

 ANCHOR {n} which sets the anchor point and 

 BY {x},{y} which sets the position by offset.

With respect to the latter, this is the position from the TO and is used to do attached sprites e.g. you 
might write.

SPRITE 1 IMAGE 2 TO 200,200 SPRITE 2 IMAGE 3 BY 10,10

Which will draw Sprite 1 and 200,200 and sprite 2 offset at 210,210. It does not offset a sprite from 
its current position.

As with Graphics these are not all required. It only changes what you specify not all elements are 
required each time SPRITE 1 IMAGE 3 is fine.

SPRITE can also take the single command CLEAR ; this resets all sprites and removes them from 
the display

Sprite 127 is used for the turtle sprite, so if the turtle is turned on, then it will adjust its graphic, size 
to reflect the turtle position. If turtle graphics are not used, it can be used like any other.
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Implementation notes

Up to 128 sprites are supported. However, sprite drawing is done by the Pico and is not hardware, 
so more sprites means the system will run slower.

Additionally, the sprites are currently done with XOR drawing, which causes effects when they 
overlap. This should not be relied on (it may be replaced by a clear/invalidate system at some 
point), but the actual implementation should not change.

This is an initial sprite implementation and is quite limited.

(The plan is to add a feature like the animation languages on STOS and AMOS which effectively 
run a background script on a sprite)

Sprite Support

=spritex(n) =spritey(n)

These return the x and y coordinates of the sprites draw position (currently the centre) respectively.

= hit(sprite#1,sprite#2,distance)

The hit function is designed to do sprite collision. It returns true if the pixel distance between the 
centre of sprite 1 and the centre of sprite 2 is less than or equal to the distance.

So if you wanted to move a sprite until it collided with another sprite, assuming both are 32x32, the 
collision distance would be 32 (the distance from the centre to the edge of both sprites added 
together), so you could write something like :

x = 0

repeat

x = x + 1: sprite 1 to x,40

until hit(1,2,32)

In my experience of this the distance needs to be checked experimentally, as it affects the 'feel' of 
the game ; sometimes you want near exact collision, sometimes it's about getting the correct feel. It 
also depends on the shape and size of the sprites, and how they move.

I think it's better than a simple box collision test, and more practical than a pixel based collision test 
which is very processor heavy.
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Turtle Graphics
The Neo6502 has a built in turtle graphics system. This uses sprite $7F as the turtle, which it will 
take over, so it cannot be used for other purposes.

The following commands are supported.

Command Purpose

forward {n} Move turtle forward n (pixel distance)
left {n} Rotate turtle at current position
right {n}
penup Does not draw as the turtle moves
pendown Draw as the turtle moves in the current colour
pendown {n}Draw as the turtle moves in colour {n}
turtle home Reset turtle to home position, facing up the screen.
turtle hide Hide the turtle
turtle show Show the turtle

turtle fast
The turtle is deliberately slowed to give it an animated feel so you can see the 
drawing, this is because it's primary purpose is educational. This makes it go full 
speed.

There is an example in the crossdev folder which gives some idea on how to get started.
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Sound Commands
The Neo6502 has four sound channels, 0-3 which can generate a square wave or white noise 
sounds. The main sound command is called "sound" and has the following forms:

Sound clear

Resets the entire sound system, silences all channels, empties all queues

Sound {channel} clear

Resets a single channel ; silences it, and empties its queue

Sound {channel},{frequency},{time}[,{slide}]

Queues a note on the given channel of the given frequency (in Hz) and time (in 
centiseconds). These will be played in the background as other notes finish so you can 'queue up' an 
entire phrase and let it play by itself. The slide value adds that much to the frequency every 
centisecond allowing some additional effects (note, done in 50Hz ticks)

A mixture of the two syntaxes SOUND 0 CLEAR 440,200 is now supported. To use the white noise 
feature use the keyword "noise" instead of sound.

sfx plays sound effects. Sound effects are played immediately as they are usually in response to an 
event. It's format is:  sfx {channel},{effect id} 

ID Sound

0 positive
1 negative
2 error
3 confirm
4 reject
5 sweep
6 coin
7 las70
8 powerup
9 victory
10 defeat
11 fanfare
12 alarm 1
13 alarm 2
14 alarm 3
15 ringtone 1
16 ringtone 2
17 ringtone 3
18 danger
19 expl100
20 expl50
21 expl20
22 las30
23 las10
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Using the BASIC Text Editor
The developers decided it would be better to have a proper editor. (It is possible to cross-develop in 
BASIC using the emulator or the serial port)

So type  edit  and press ENTER

You can edit like on a word processor (Ctrl+P and Ctrl+Q insert/delete lines). This currently 
supports left, right, home, end, backspace and delete on the current line, enter, up, down, page up 
and page down to change lines.

Note the editor is slightly eccentric. It is not a text editor, what it is doing is editing the underlying 
program on the fly -- much the same as if you were typing lines in.

The editor uses its own line numbers, so is not compatible with their use in programs. Any program 
will be renumbered from 1 upwards in steps of 1 (except library routines).

You shouldn't be using line numbers anyway!

When you have finished press ESC to leave the editor and you can run your programm again. You 
can speed this up using the function keys e.g. from the BASIC command line (e.g. where you type 
stuff in)

fkey 1,"edit"+chr$(13)

This sets function key F1 on the keyboard to type edit and press ENTER (character code 13).
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Libraries
Libraries are part of the BASIC program, placed at the start. However, their line numbers are all set 
to zero. (So you cannot use GOTO or GOSUB in libraries, but you should only use them for porting 
old code).

NEW will not remove them, LIST does not show them (except LIST 0), You cannot edit them using 
the line editors.

However RUN does not skip them. This is so you can have initialisation code e.g.

{do initialisation code}

if false

proc myhw.dosomething(p1) ....

proc myhw.panic()

endif

To support this, there is a LIBRARY command. LIBRARY on its own undoes the library 
functionality. It renumbers the whole program from the start, starting from line number 1000.

Otherwise LIBRARY works like LIST. You can do LIBRARY {line} or LIBRARY {from},{to} and 
similar. Instead of listing this code, it causes them to "vanish" by setting their line numbers to zero.

They are also supported in the makebasic script. Adding the command library makes all code so far 
library code.

e.g.

python makebasic.zip mylib.bsc library mainprogram.bsc
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The Inline Assembler
The inline assembler works in a very similar way to that of the BBC Micro, except that it does not 
use the square brackets [ and ] to delimit assembler code. Assembler code is in normal BASIC 
programs.

A simple example shown below (and in the samples directory). It prints a row of 10 asterisks.

Most standard 65C02 syntax is supported, except currently you cannot use lsr a ; it has to be just lsr 
(and similarly for rol, asl, ror,inc and dec).

You can also pass A X Y as variables. So you could delete line 150 and run it with X = 12: sys start 
which would print 12 asterisks.

Line Code Notes

100
mem = 
alloc(32)

Allocate 32 bytes of memory to store the program code.

110 for i = 0 to 1
We pass through the code twice because of forward referenced labels. This 
actually doesn't apply here.

120 p = mem P is the code pointer -- it is like $* = {xx} - it means put the code here

130 o = i * 3
Bit 0 is the pass (0 or 1) Bit 1 should display the code generated on pass 2 only, 
this is stored in 'O' for options.

140 .start Superfluous -- creates a label 'start' -- which contains the address here
150 ldx #10 Use X to count the starts
160 .loop1 Loop position. We can't use loop because it's a keyword
170 lda #42 ASCII code for asterisk
180 jsr $fff1 Monitor instruction to print a character
190 dex Classic 6502 loop
200 bne loop1
210 rts Return to caller
220 next Do it twice and complete both passes
230 sys mem BASIC instruction to 'call 6502 code'. Could do sys start here.

[ ] Operator

The [] operator is used like an array, but it is actually a syntactic equivalent of deek and doke, e.g. 
reading and writing 16 bytes. mem[x] means the 16 bit value in mem + x $* 2, so if mem = 813 
then mem[2] = -1 writes a 16 bit word to 817 and 818, and print mem[2] reads it. The index can 
only be from 0..127

The purpose of this is to provide a clean readable interface to data in 65C02 and other programs 
running under assembly language ; often accessing elements in the 'array' as a structure.
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Further Programming
Mad Pascal

By Tomasz Biela / Text by Wojciech Bocianski 

Mad-Pascal is a highly optimized and continuously developed cross-compiler for the Pascal 
language for the 6502 family of processors. Initially created for the Atari platform, it has since been 
adapted for several other target platforms, including neo6502.

Compilation to machine code is a two-step process. In the first step, the code is compiled to 
assembler source code compatible with the MADS assembler, and then the code is assembled into 
an executable machine code file.

The following guide will help you set up a complete development environment, tailored for quick 
and convenient coding on the neo6502 on your PC. We will also write our first program together, 
compile it, and run it in an emulator.

Installing the Emulator

The first thing we will need is the latest version of the neo6502 emulator so that we can test our 
software on a development machine. Download it from the project's official 
GitHub: https://github.com/paulscottrobson/neo6502-firmware/releases

All we need for now is the emulator executable. It is located in the root directory of the downloaded 
archive and is simply named  neo  ( neo.exe  for Windows). Let's place it in an easily accessible 

directory. For the purposes of our guide, let it be the following directory:

Windows Linux

d:/neo6502/

neo.exe
~/neo6502/neo

Note that the downloaded archive also contains a  documents  directory, which includes a 

detailed description of the API functions provided by the firmware of our device. It will certainly 
come in handy during our adventures with programming on the neo6502, so it's worth keeping it 
nearby.

Downloading and Compiling the Assembler and Mad-Pascal Compiler

I recommend always using the latest version of the MADS assembler and Mad-Pascal compiler, 
which we will compile from the sources in a moment. For this purpose, we will need the git tool 
and the free FreePascal compiler. Both tools should be downloaded from the above links and 
installed.

Now, using git, we will download the latest versions of the assembler and compiler and then 
compile them.

https://www.freepascal.org/
https://git-scm.com/downloads
https://github.com/paulscottrobson/neo6502-firmware/releases
https://github.com/tebe6502/Mad-Assembler/releases
https://en.wikipedia.org/wiki/MOS_Technology_6502
https://github.com/tebe6502/Mad-Pascal/releases
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Windows

Open a console (cmd), navigate to the directory where you want to install the compilers (in our 
example  D: ), and then execute the following commands:

git clone https://github.com/tebe6502/Mad-Assembler.git

cd Mad-Assembler

fpc -Mdelphi -vh -O3 mads.pas

cd ..

git clone https://github.com/tebe6502/Mad-Pascal.git

cd Mad-Pascal/src

fpc -Mdelphi -vh -O3 mp.pas

copy mp.exe ..

Linux

In the directory where you want to install the compilers (in our example in the home directory  ~ ), 

enter the following console commands:

git clone https://github.com/tebe6502/Mad-Assembler.git

cd Mad-Assembler

fpc -Mdelphi -vh -O3 mads.pas

cd ..

git clone https://github.com/tebe6502/Mad-Pascal.git

cd Mad-Pascal/src

fpc -Mdelphi -vh -O3 mp.pas

cp mp ..

Be careful because the -O3 parameter is an uppercase "o", not a zero.

Writing Our First Program

Now let's write our first Pascal program and save it in the project directory as  hello.pas :

program hello;

begin

  Writeln('Hello neo6502!');

end.

Let's try to compile it manually:

Windows Linux

D:\Mad-Pascal\mp.exe hello.pas 

-target:neo -code:5000

~\Mad-Pascal\mp hello.pas 

-target:neo -code:5000
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The  -code:5000  option will cause our program code to be compiled at address $5000 (20480). 

This is an example value; you can compile the code to any location, just remember not to overwrite 
areas used by the firmware (you can find the memory map in the emulator archive in 
the  documents\basic.pdf  directory). As a result of the compilation, an intermediate 

assembler file  hello.a65  will be created in the project directory. In the next step, we will 

assemble this program into machine code, i.e., the target executable file.

Windows Linux

D:\Mad-Assembler\mads.exe 

hello.a65 -x -i:D:\Mad-

Pascal\base -o:hello.bin

~\Mad-Assembler\mads hello.a65 

-x -i:~\Mad-Pascal\base 

-o:hello.bin

The -x option causes potentially unused procedures to be removed during the assembly process, 
which is beneficial for us as the resulting file will be smaller. The path after the -i parameter 
indicates the directory with the base Mad-Pascal libraries, and the -o parameter allows you to 
specify the name of the output file, which should appear in the project directory after the assembly.

Let's try to run it in the emulator.

Windows Linux

D:\neo6502\neo.exe hello.bin@5000 

run@5000

~\neo6502\neo hello.bin@5000 

run@5000

Hooray! We have successfully written our first program in Mad-Pascal for neo6502! Notice that in 
the emulator call, we need to specify the compilation and run address consistent with the one 
provided during the initial compilation.

Entering all these commands each time would be terribly inconvenient and time-consuming, so we 
will automate this process for our convenience and save time.

Preparing Batch Files for Source Compilation

In the directory of our first project, let's prepare a batch file that will do the hard work for us and 
carry out the process of compiling and running any Pascal file.

Windows

Let's create a batch file  build.bat

@setlocal

@SET MPPATH=D:\Mad-Pascal

@SET MADSPATH=D:\Mad-Assembler

@SET NEOPATH=D:\neo6502

@SET ORG=5000

@SET NAME=%1

%MPPATH%\mp.exe %NAME%.pas -target:neo -code:%ORG%

@if %ERRORLEVEL% == 0 %MADSPATH%\mads.exe %NAME%.a65 -x -i:%MPPATH%\base -o:%NAME%.bin

@if %ERRORLEVEL% == 0 %NEOPATH%\neo.exe %NAME%.bin@%ORG% run@%ORG%



28

Linux

Let's create a batch file  build.sh

#!/usr/bin/bash

MPPATH=~/Mad-Pascal

MADSPATH=~/Mad-Assembler

NEOPATH=~/neo6502

ORG=5000

NAME=${1}

$MPPATH/mp ${NAME}.pas -target:neo -code:${ORG} && \

$MADSPATH/mads ${NAME}.a65 -x -i:${MPPATH}/base -o:${NAME}.bin && \

$NEOPATH/neo ${NAME}.bin@${ORG} run@${ORG}

In the Linux system, the  build.sh  file must have execution rights:

chmod +x build.sh

Let's try to compile and run our first program using the batch file.

Windows Linux

build.bat 

hello

./build.sh 

hello

And if everything went well, you should see the compilation process in the console window, and 
then the emulator window with our first program running. If something went wrong, make sure you 
have the correct paths in the batch file.

Of course, you can modify and customize this batch file as you see fit, or write it completely 
differently. This is just an example that I hope will encourage you to experiment with Mad-Pascal.

Libraries for neo6502

The bare "naked" Mad-Pascal will allow us to write simple programs in text mode, but to fully 
exploit its capabilities on the neo6502, several additional libraries have been created. They help in 
communication with the device's firmware and provide full support for color graphics, sprites, tile 
maps, controllers, and all functions provided by the system's API.

These libraries are available to you without any additional steps as they are already part of the Mad-
Pascal compiler distribution.

Library Name Description

NEO6502 Main API function library for Neo6502
NEO6502KEYS Library for reading keyboard state using HID codes.
NEO6502MATH Library for accelerating mathematical calculations and some other operations
NEO6502UEXT Input/output interface function library for UEXT
Link to full documentation: https://bocianu.gitlab.io/neo-mplibs/

https://bocianu.gitlab.io/neo-mplibs/
https://bocianu.gitlab.io/neo-mplibs/neo6502uext.html
https://bocianu.gitlab.io/neo-mplibs/neo6502math.html
https://bocianu.gitlab.io/neo-mplibs/neo6502keys.html
https://bocianu.gitlab.io/neo-mplibs/neo6502.html
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To use these libraries, simply add their names in the  uses  clause.

program api;

uses neo6502, crt;

begin

  ClrScr;

  NeoBeep;

  NeoCredits;

  repeat until KeyPressed;

end.

Sample Programs

More sample programs utilizing specific neo6502 functions can be found in the Mad-Pascal 
directory in the  Mad-Pascal\samples\neo6502\  subfolder. These are good examples to 

start with and to begin your adventure with this compiler.

And if you'd like to look at the source code of larger projects in Mad-Pascal, check out bocianu's 
GitLab, who has written several games and tools for the neo6502.

https://gitlab.com/bocianu
https://gitlab.com/bocianu
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CC65

There are two references on using CC65

Pete Gollan wrote the following, which has a sample project that can be used as a starter

https://github.com/PeteGollan/Neo6502-programs/tree/main/HelloNeo6502-CC65

Andy McCall wrote a walkthrough and example code on using a combination of LLVM-MOS and 
CC65 here, which is Linux / Mac centric but the basic ideas could be adapted for Windows.

https://github.com/andymccall/neo6502-development

There are some C examples in the release, but they are considerably more primitive.

https://github.com/andymccall/neo6502-development
https://github.com/PeteGollan/Neo6502-programs/tree/main/HelloNeo6502-CC65
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LLVM-Mos

With the new version of llvm-mos, which natively supports neo6502, you can compile your C 
source code (even written for the CC65 compiler) without modifying the code. Pay attention to the 
warnings; llvm-mos is much stricter than CC65.

Download here  :   https://github.com/llvm-mos/llvm-mos-sdk/  

Compile the source following the instruction inside the page

You will find useful files in the directory:

$(LLVM_MOS_SDK)/bin/mos-neo6502-clang

If you're starting from scratch, you can use the high-level functions for writing to the API mailbox. 
See the directory:

$(LLVM_MOS_SDK)/mos-platform/neo6502/include

Here's an example of the command to compile the code:

$(LLVM_MOS_SDK)/bin/mos-neo6502-clang  main.c -o main.neo

If you use the -Os option, which allows you to have optimized code, remember that the variables 
with which you call the library should be of type "volatile." Don't make the same mistake as I did. If 
you use the LLVM_MOS high-level functions don't worry about this. And here's an example of the 
command to compile the optimized code:

$(LLVM_MOS_SDK)/bin/mos-neo6502-clang  -Os main.c -o main.neo

If you're using VSCode to write the code, add the directory 
$(LLVM_MOS_SDK)/mos-platform/neo6502/include to the IncludePath variable.

In the directory, you can find an example of using the API mailbox functions:

$(LLVM_MOS_SDK)/examples/neo6502

https://github.com/llvm-mos/llvm-mos-sdk/
https://github.com/llvm-mos/llvm-mos-sdk/


32

Assembler

Currently the best start point for assembler are the examples in the release directory.

Also, check the BASIC inline assembly examples.

Op-Codes:

https://www.pagetable.com/c64ref/6502/?cpu=65c02s&tab=0

CPU Spec-Sheet:

https://github.com/OLIMEX/Neo6502/blob/main/DOCUMENTS/w65c02s-NEW.pdf

https://github.com/OLIMEX/Neo6502/blob/main/DOCUMENTS/w65c02s-NEW.pdf
https://www.pagetable.com/c64ref/6502/?cpu=65c02s&tab=0
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Tali Forth

By Scot Stevenson

https://github.com/SamCoVT/TaliForth2

https://www.olimex.com/Products/Retro-Computers/Neo6502/resources/taliforth.neo

Introduction

Tali Forth 2 is a subroutine threaded code (STC) implementation of an ANS-based Forth for the 
65c02 8-bit MPU. The aim is to provide a modern Forth that is easy to get started with and can be 
ported to individial hardware projects, especially Single Board Computers (SBC), with little effort. 
It is free -- released in the public domain -- but with absolutely no warranty of any kind. Use at your 
own risk! (See COPYING.txt for details.) Tali Forth 2 is hosted at GitHub. You can find the most 
current version at https://github.com/SamCoVT/TaliForth2.

A little more detail please

Tali Forth 2 aims to be, roughly in order of priority:

Easy to try. Download the source -- or even just the binary taliforth-py65mon.bin -- and 
run the emulator with py65mon -m 65c02 -r taliforth-py65mon.bin to get it running. This 
lets you experiment with a working 8-bit Forth for the 65c02 without any special 
configuration. This includes things like block wordset.

Simple. The simple subroutine-threaded (STC) design and excessively commented source 
code give hobbyists the chance to study a working Forth at the lowest level. Separate 
documentation - including a manual with more than 100 pages - in the docs folder discusses 
specific topics and offers tutorials. The aim is to make it easy to port Tali Forth 2 to various 
65c02 hardware projects.

Specific. Many Forths available are "general" implementations with a small core adapted to 
the target processor. Tali Forth 2 was written as a "bare metal Forth" for the 65c02 8-bit 
MPU and that MPU only, with its strengths and limitations in mind.

Standardized. Most Forths available for the 65c02 are based on ancient, outdated 
templates such as FIG Forth. Learning Forth with them is like trying to learn modern 
English by reading Chaucer. Tali Forth (mostly) follows the current ANS Standard, and 
ensures this by passing an enhanced test suite.

The functional reference for Tali is GNU Forth (Gforth, https://www.gnu.org/software/gforth/). 
Programs written for Tali should run on Gforth or have a very good reason not to. Also, may Gforth 
words were adapted for Tali, especially when they make the code simpler (like FIND-
NAME or BOUNDS).

The first Tali Forth was my first Forth ever. It is hosted at https://github.com/scotws/TaliForth and is 
superceded by this version. The second version was strongly influenced by what I learned writing 
Liara Forth for the 65816. Liara and Tali 2 share large parts of their internal logic.

Seriously super lots more detail

See docs\manual.html for the Tali Forth manual, which covers the installation, setup, tutorials, and 
internal structure. The central discussion forum is http://forum.6502.org/viewtopic.php?
f=9&t=2926 at 6502.org.

http://forum.6502.org/viewtopic.php?f=9&t=2926
http://forum.6502.org/viewtopic.php?f=9&t=2926
https://github.com/scotws/TaliForth
https://www.gnu.org/software/gforth/
https://github.com/SamCoVT/TaliForth2
https://www.olimex.com/Products/Retro-Computers/Neo6502/resources/taliforth.neo
https://github.com/SamCoVT/TaliForth2
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Getting Started in Cross Development

There is a file in the release called crossdev.zip which contains a worked example of how to create 
both graphics and programs, with Windows and Linux support.

Command Line

The emulator has several options on the command line.

"cold" boots BASIC in standard mode, avoiding the monitor

"warm" boots BASIC in warm start mode, anything in memory will be retained.

"exec" boots BASIC and runs the program in memory.

Program can be loaded into memory using the syntax  <file>@<address in hex> . That 

address can be "page" which means the address BASIC expects to find the code in.

So to load and run a program use the following (adjusting for where you put the binaries) :

../bin/neo program.bas@page exec

Or in windows

..\bin\neo.exe program.bas@page exec

This performs the following 1. starts the emulator 1. loads the tokenised BASIC program to "page" 
(changes as BASIC grows) 1. sets it to run 'exec' mode, so it auto runs when it starts.

One can create an example BASIC program from a text equivalent (see the basic/code directory for 
many examples), this is done with the makebasic.zip program which requires Python 3

Something like

`python3 makebasic.zip source.txt -oprogram.bas

this converts the file "source.txt" which is a basic source file in text form, line numbers optional to a 
tokenised program which can be run as above.
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CP/M-65
By David Given

https://github.com/davidgiven/cpm65

https://github.com/davidgiven/cpm65/releases/download/dev/neo6502.zip

What?

This is a native port of Digital Research's seminal 1977 operating system CP/M to the 6502. 

Unlike the original, it supports relocatable binaries, so allowing unmodified binaries to run on any 
system: this is necessary as 6502 systems tend to be much less standardised than 8080 and Z80 
systems. (The systems above all load programs at different base addresses.)

Currently you can cross-assemble programs from a PC, as well as a working C toolchain with llvm-
mos. For native development, there's a basic assembler, a couple of editors, a BASIC, and a byte-
compiled Pascal subset and interpreter. You need about 20kB to run the assembler at all, and of 
course more memory the bigger the program.

No, it won't let you run 8080 programs on the 6502!

How?

You have two options:

 Download a binary release.   You can then copy this onto a disk for booting on a real 
machine, or use it in an emulator.

 or build it yourself.

neo6502 notes

 The neo6502 is a W65C02-based computer using emulated hardware implemented by a 
RP2040. This can be programmed with various different firmware packages, each emulating 
a different 6502-based microcomputer. This port is intended for the native firmware package 
for the neo6502, Morpheus. (The other ports will work if you install the appropriate 
emulation firmware package.)

 It is ridiculously fast.

 To use, unzip the cpm65.zip file into the any directory of the USB stick or other storage 
card. Then enter *cd your_directory_name and then load "cpm65.neo" at the prompt. 
CP/M-65 will run.

 To run on the emulator, either load it as above, or boot it directly with neo 
CPM65.NEO@8000 run@8010. Remember that if you're running the emulator on Linux, 
the filesystem is CASE SENSITIVE so you need to spell CPM65.NEO using capital letters. 
(One CP/M-65 is running this is no longer a concern.)

 This port uses an emulated BDOS, meaning that it stores its files as FAT files on the 
neo6502's USB stick. Most well-behaved CP/M-65 programs will work, but anything which 
tries to access the raw filesystem won't; such as STAT or DINFO. Files for each drive and 
user are stored in separate subdirectories. All 16 drives are supported (in directories A to O).

 Drive B (i.e. /B/ on the storage device) contains some neo6502-specific utilitied. This are in 
no way complete, or documented.

 The console is 53x30. It has a SCREEN driver.

https://github.com/paulscottrobson/neo6502-firmware/wiki
https://github.com/davidgiven/cpm65/releases/tag/dev
https://github.com/davidgiven/cpm65/releases/download/dev/neo6502.zip
https://github.com/davidgiven/cpm65
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Supported programs

Commands include DUMP, STAT, COPY, SUBMIT, ASM, QE and BEDIT plus some smaller 
utilities. I'd love more --- send me pull requests! The build system supports cc65 assembler and 
llvm-mos C programs. The native assembler can be used (in emulation) to cross compile programs 
for CP/M-65.

In the CCP, you get the usual DIR, ERA, REN, TYPE and USER. There is no SAVE as on the 
relocatable CP/M-65 system assembling images in memory is of questionable utility, but there's a 
new FREE command which shows memory usage.

You also get a port of Altirra BASIC, an open source Atari BASIC clone. This is called ATBASIC. 
See below for more details.

Pokey the Penguin loves to read your pull requests!

The assembler

The CP/M-65 assembler is extremely simple and very much customised to work for the CP/M-65 
environment. It operates entirely in memory (so it should be fast) but it's written in C (so it's going 
to be big and slow). It's very very new and is likely to have lots of bugs. There is, at least, a port of 
the DUMP program to it which assembles, works, and is ready to play with.

Go read cpmfs/asm.txt for the documentation.

The BASIC

Altirra BASIC is an open source recreation of the BASIC used on the Atari 8-bit machines (on 
which CP/M-65 runs, coincidentally). It has been heavily modified by me to work on CP/M-65. 
Anything Atari-related has been removed, including graphics, sound, etc. In addition, I have 
extended the error reporting, added support for case-insensitive keywords (simply because Atari 
BASIC traditionally requires upper case but most CP/M-65 platforms don't have caps lock keys!), 
and fairly crudely added file I/O support. There is no screen editor. It is (should be) binary 

https://github.com/davidgiven/cpm65/blob/master/cpmfs/asm.txt
https://github.com/davidgiven/cpm65/compare
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compatible with Atari BASIC, although programs using Atari features which aren't supported will 
of course not run.

It is currently rather fragile with a number of known (and, probably, unknown) bugs. Please file bug 
reports!

Atari BASIC is rather different from Microsoft BASIC. Please consult the user manual.

Important! Do not contact the author of Altirra BASIC for anything related to the CP/M-65 port! 
Any bugs are strictly my fault.

The editors

BEdit is an incredibly simple line editor modelled after a basic interpreter (command entry, with 
LOAD, SAVE, LIST, line numbers etc). It's written in machine code and assembled with the 
CP/M-65 assembler; you can assemble it locally if you have a system with 30kB or more TPA. It'll 
run on all platforms.

Go read cpmfs/bedit.txt for the documentation.

QE is a much less simple vi-inspired screen editor, written in C. it's much more comfortable to use 
than BEDIT, but is about five times the size, and will only run on systems with a SCREEN driver, 
as noted above (you can also use the DEVICES command to see what devices your system 
supports).

DwarfStar is another screen editor. It has the same keybindings as WordStar, so those familiar with 
that will feel right at home. For a refresher, see the documentation, which was written in DS itself 
and is also available within CP/M-65 on the systems that have DS.COM installed.

The Pascal

Pascal-M is a Pascal subset intended for use on very small machines. It compiles to bytecode, M-
code, which is then run with an interpreter. The compiler is itself written in Pascal-M and is capable 
of compiling itself (very slowly). There is a basic port to CP/M-65.

To use it, you need to use the interpreter, PINT, to run the compiler to compile your program into an 
OBP file. This is then translated into an OBB file by PLOAD (not written in Pascal!). You can then 
run the resulting OBB file with PINT. For example:

A> PINT PASC.OBB HELLO.PAS HELLO.OBP

A> PLOAD HELLO.OBP HELLO.OBB

A> PINT HELLO.OBB

The compiler will also generate a PROGRAM.ERR file containing a copy of any error messages 
that result from the compilation process.

Sadly, you need at least 36kB of free RAM to run the compiler, and also the disk images for various 
systems are full, so it's only included for a few platforms.

Pascal-M is considerably simplified from the full Pascal language, with support for only 16-bit 
integers, but it does support records, sets, enumerations, pointers, nested functions and procedures, 
etc. Performance isn't brilliant but it does work. CP/M-65 is very basic, consisting of support 
for text files using the traditional assign/reset/rewrite/close API. You can have as many open at once 
as you like but you can't seek inside a file. In addition, while new is supported, there is no dispose.

For more information on Pascal-M, see Hans Otten's website. However, do not report bugs on the 
CP/M-65 port to him --- file bug reports here instead.

https://github.com/davidgiven/cpm65/issues/new
http://pascal.hansotten.com/px-descendants/pascal-m/pascal-m-2k1/
https://github.com/davidgiven/cpm65/blob/master/third_party/dwarfstar/ds.txt
https://github.com/davidgiven/cpm65/blob/master/cpmfs/bedit.txt
https://www.virtualdub.org/downloads/Altirra%20BASIC%20Reference%20Manual.pdf
https://github.com/davidgiven/cpm65/issues/new
https://github.com/davidgiven/cpm65/issues/new
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Utilities

bin/cpmemu contains a basic CP/M-65 user mode emulator and debugger. It'll run programs on the 
host environment with an emulated disk, which is very useful for testing and development. To use:

./bin/cpmemu .obj/dump.com diskdefs

Add -d at the front of the command line to drop into the debugger --- use ? for basic help. It can 
only access 8.3-format all-lowercase filenames in the current directory, but you can also map drives. 
Use -h for help.

Who?

You may contact me at dg@cowlark.com, or visit my website at http://www.cowlark.com. There 
may or may not be anything interesting there. The CP/M-65 project was designed and written by 
me, David Given.

License

Everything here so far except the contents of the third_party directory is © 2022-2023 David Given, 
and is licensed under the two-clause BSD open source license. Please see LICENSE for the full 
text. The tl;dr is: you can do what you like with it provided you don't claim you wrote it.

The exceptions are the contents of the third_party directory, which were written by other people and 
are not covered by this license. This directory as a whole contains GPL software, which means that 
if you redistribute the entire directory, you must conform to the terms of the GPL.

third_party/lib6502 contains a hacked copy of the lib6502 library, which is © 2005 Ian Plumarta 
and is available under the terms of the MIT license. See third_party/lib6502/COPYING.lib6502 for 
the full text.

third_party/tomsfonts contains a copy of the atari-small font, which is © 1999 Thomas A. Fine and 
is available under the terms of a minimal free license. See third_party/tomsfonts/LICENSE for the 
full text.

third_party/altirrabasic contains a hacked copy of Altirra Basic, which is © 2014 Avery Lee and is 
available under the terms of a minimal free license. See third_party/altirrabasic/LICENSE.md for 
the full text.

third_party/mads contains a copy of Mad Assembler, which is © 2018-2023 Tomasz Biela and is 
available under the terms of the MIT license. See third_party/mads/LICENSE for the full text.

third_party/pascal-m contains a extremely hacked up copy of the Pascal-M bytecode compiler and 
interpreter, which is © 1978-2021 Niklaus Wirth, Mark Rustad and Hans Otten and is available 
under the terms of the MIT license. See third_party/pascal-m/LICENSE for the full text.

third_party/dwarfstar contains DwarfStar, which is © 2024 by Ivo van Poorten and is available 
under the terms of the BSD 2-Clause License. See third_party/dwarfstar/LICENSE for the full text.

third_party/zmalloc contains a copy of zmalloc, which is © 2024 by Ivo van Poorten and is 
available under the terms of the 0BSD License. See third_party/zmalloc/LICENSE for the full text.

https://github.com/davidgiven/cpm65/blob/master/LICENSE
http://www.cowlark.com/
mailto:dg@cowlark.com
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List of Software for the Neo6502
(non-conclusive)

Eliza by Erland Nagel

An implementation of the 1960s faux 
psychiatrist program.

Dungeon Crawler by Chris Garrett

A classic dungeon crawler with ASCII graphics.

Kulki by Wojciech Bocianski

Kulki is a puzzle game where you have to place 
marbles in a row

PacMad by Wojciech Bocianski

A scrolling Pacman game, in Pascal.

Power Bricks game by Wojciech Bocianski

A 1024 puzzle game.

https://gitlab.com/bocianu/neo-power-bricks
https://gitlab.com/bocianu/neo-pacmad
https://gitlab.com/bocianu/neo-kulki
https://github.com/omiq/neo6502-c/
https://github.com/erlendnagel/Neo6502-Eliza
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Robotron 2084 by Paul Robson

A version of the Williams Arcade classic.

Sokoban by zbyti

The classic puzzle game

Swimo by Wojciech Bocianski

A cellular automata type simulator.

Tetris by Wojciech Bocianski

Tetris :)

Solitaire Suite by Wojciech Bocianksi

A suite of Solitaire games

https://gitlab.com/bocianu/neo-solsuite
https://gitlab.com/bocianu/neo-tetris
https://gitlab.com/bocianu/neo-swimo
https://github.com/zbyti/pikoban
https://github.com/paulscottrobson/neo-robotron
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Neo 6502 BASIC Demo Games repository 
(Squash, Space Invaders, Galaxians, Frogger, 
Asteroids)

Some versions of original classics written to test 
the capabilities of the machine. These are all in 
BASIC, except for Asteroids which is partially 
assembler.

Mapper by Giovanni Pozzobon

A tilemap editor which can output files in 
Neo6502's tile format.

Spoon - neo6502 sprite editor by Wojciech 
Bocianski

A sprite editor for use with Neo6502 games.

Zion Commander File Manager by Wojciech 
Bocianski

A file management by mouse click program.

Your software here

https://gitlab.com/bocianu/zion-commander
https://gitlab.com/bocianu/zion-commander
https://gitlab.com/bocianu/neo-spoon
https://gitlab.com/bocianu/neo-spoon
https://github.com/giovannipozzobon/mapper
https://github.com/paulscottrobson/neo6502-games
https://github.com/paulscottrobson/neo6502-games
https://github.com/paulscottrobson/neo6502-games
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4) Hardware
USB Hub issues
The Raspberry Pi PICO has a technical problem when used in conjunction with the tinyUSB library. 
Not all USB hubs work with it. If you want to use the Apple, Oric, or C64 emulators you may not 
need a USB hub, but "Morpheus" does for accessing a USB key to save data. Following some 
investigation, it was discovered that only certain chipsets worked, so Olimex produced a small USB 
hub using that chipset.

Buying this is well worth considering as it is not expensive (currently 8 Euros). If you have a USB 
hub, it may be worth trying. The Raspberry Pi hubs built into the keyboard appear to work correctly. 
But this cannot be guaranteed as the chips used may change.

This has been reported as a fault, investigated, and it seems at present it is not fixable. It is possible 
this hub may be integrated onto later versions of the board.

NB: It might also be beneficial to use a powered USB hub, as the Pi Pico does not supply that much 
power.

HDMI display issues
The output is DVI through a HDMI connector. There is currently a discussion about whether it 
should be powered or not, currently it is not. It does not seem to work well with adaptors and some 
displays, notably LG.

Q: I have LG monitor and there is no picture on the HDMI. I did everything correctly. My board is 
hardware revision B. Is my board broken?

A: Try all steps again. If problem remains and if you have revision A or B board you might try to 
close FUSE pads to enable 5V on the HDMI connector. If you have B1 or newer revision FUSE 
should have a diode component already placed.

To perform the fix look under the HDMI connector, there are two pads that should be empty that 
have word "FUSE" nearby. Connect the pads together soldering a small wire between them or 0R 
resistor (the best idea is to solder diode 1N5819/S4 but it has direction so be careful, cathode should 
be towards HDMI connector, diode would prevent HDMI monitor powering the board). Testing 
with a wire is fine if you don't have such diode, but if it works in future you might want to buy such 
diode and solder there (just make sure about the direction). 

NB: This seems to be fixed in Rev. B1, see Appendix.

Red horizontal lines

Randomly appearing, often at boot or on key stroke. These seem to originate from the interaction 
between tinyUSB and picoDVI. When using SDCards via UEXT, the problem shouldn't be that bad.

For an in depth discussion, see:

https://github.com/paulscottrobson/neo6502-firmware/issues/115

https://github.com/paulscottrobson/neo6502-firmware/issues/115
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Peripheral Hardware

Optional Gamepad

Gamepads are easy to acquire. A copy of a Super Nintendo controller with a USB connector can be 
acquired from several sources. One of the issues with USB Game controllers is that there seems to 
be no standard (if you look at the Linux source there is a list of driver options for all sorts of 
keyboards). Currently we only support certain types of keyboards. Again, this is obtainable from 
Olimex and it will be the 'correct model'. The author has similar looking gamepads not acquired 
from Olimex, and they seem to work (it depends on the USB ID) but they may not. There is support 
for some other gamepads included.

It's not a requirement. The "Operating System" of Morpheus uses keyboard keys if no gamepad is 
present.

A-A USB cable or Programmer

To program the Pico, a USB A to USB A cable is required. It is also possible to use a Programmer 
and the 'openocd' software as developers for the Pico do. The Neo6502 usually comes programmed 
with an Apple 2 emulator and Morpheus is still updated for bug fixes and occasional enhancements. 
It is not required for day to day use of the machine.

Case

This is completely optional ; it is a small box which the Neo6502 board fits into, all the main 
sockets and connectors are exposed. For P&P reasons , if you want it, it probably makes sense to 
order it at the same time as the board. It is available in blue or red lettering.

UEXT Devices

Olimex produced UEXT modules which are listed here, for the same reasons if you want one in 
particular it is worth ordering it at the same time. The majority of these devices are economically 
priced. The Basic and API have simple commands for interfacing with SPI, I2C and Serial Devices.

Keyboard

A standard USB keyboard is used, these seem to work almost 100%.

USB Key

If you want to save programs then a USB key is required. For similar reasons to the USB Hub we 
believe, it requires a fast key. Initially I used "Amazon Cheapies" and none of them worked 
properly. I replaced this with a Sandisk USB 3.0 key which was about £10 and it works fine.

SD Card (as an option)

The system does support the use of SD Cards. This requires the Olimex UEXT SD Card adaptor.

https://www.olimex.com/Products/Modules/
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Power Cable

Power is supplied through a USB C type cable of the type that are commonly available.

Sound Device

Sound is provided on board by a simple buzzer. This is perfectly okay for beeps and squawks, and 
fairly audible. It is possible to plug a sound device in which has a 3.5mm Jack plug.
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Getting Online
By Wojciech Bocianski 

You can now get online, with the help of Olimex's ESP8266 based Wifi-board. This costs (at the 
time of writing) under 4 Euros.

At present we have a program repository, but now we have a solid Wifi connection we should see 
growth in this in the future.

The board can be acquired from here and other Olimex suppliers

How to Connect Your Neo6502 to the Internet

https://gitlab.com/bocianu/neo-networking

1. Configure Your Device Settings

Ensure that your device is in Station Mode (1).
In netconfig, navigate to "Advanced Wi-Fi Settings" and set the Wi-Fi mode to 1 - Station.
Alternatively, you can use netconsole and enter the following command:

AT+CWMODE=1

2. Connect to a Local Network

In netconfig, select "Connect to Wi-Fi Network" -> "Show Available Networks" and wait for the 
scanning process to complete. From the displayed list, choose one of the networks and enter the 
password if required.

If your network is not visible, you can manually enter the network identifier (SSID) by selecting the 
appropriate option in the Connect menu.

At this point, you should have internet access. You can verify this by selecting "Show Current 
Connection Details" from the main menu.

3. Adjust Additional Advanced Settings if Needed

If your network does not provide DHCP, you can manually set your IP address in "Advanced Wi-Fi 
Settings." You can also configure a custom DNS server here.

https://gitlab.com/bocianu/neo-networking
https://www.olimex.com/Products/IoT/ESP8266/MOD-WIFI-ESP8266/open-source-hardware
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4. Update Your Device Firmware

It is recommended to keep your device firmware updated. Once you have internet access, you can 
update your device using the "Over-the-Air" update feature. In netconfig, select "Get Over-the-Air 
Firmware Update" and wait about 30 seconds for your device to be automatically updated.

5. I’m Online, What Can I Do Now?

Download the Prophet Client to gain access to a remote repository containing a wide range of 
software for your Neo6502.

Check out this website to discover what you can do with networking using Neo's built-in BASIC 
interpreter!

How to access the Prophet Server

https://gitlab.com/bocianu/neo-prophet

Neo Prophet is a command-line interface (CLI) tool designed for interacting with the Prophet 
server. It allows you to browse, search, and download software available on the server. This tool is 
specifically tailored for use with the Neo6502 computer.

Running the Program

To start the program, execute the prophet.neo file:

Upon starting, the program will automatically attempt to connect to the server. It will display a 
headline showing the version number and the current server address. If the connection fails, you 
will receive an error message and instructions on how to configure the server settings.

Currently, the only working public server is located at mimuma.pl:8998.

Commands

Within the Prophet cli command prompt, you can use the following commands:

 cat or c: Displays available software categories. 
 list <name|all> or l <name|all>: Lists software in the specified category or all 

categories. 
 search <key> or s <key>: Searches for software based on a keyword. 
 info <app_id> or i <app_id>: Displays detailed information about a specified 

application. 
 get <app_id> or g <app_id>: Downloads the specified application. 
 config: Shows the current configuration settings. 
 set server <address>: Sets the server address. 
 set port <port number>: Sets the port number. 
 set path <absolute path>: Sets the download path. 
 connect: Connects to the server and displays server information. 
 help: Displays help information and available commands. 
 quit or q: Exits the application. 

https://www.neo6502.com/
https://gitlab.com/bocianu/prophet-server
https://gitlab.com/bocianu/prophet-server
https://www.makerhacks.com/neo6502-serial-wifi/
https://gitlab.com/bocianu/neo-prophet
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Example Usage

 To display software categories:

cat

 To list software in the "games" category:

list games

 To search for software by keyword:

search tetris

 To see detailed information about a package:

info tetris

 To download an application:

get tetris

 To set a new server address:

set server new.server.address

Notes

 Automatic Connection: Upon startup, the program will automatically attempt to connect to 
the server and display a headline with the version number and current server address. If the 
connection fails, an error message will be shown. Use the set commands to configure the 
server address, port number, or download path as needed. 

 Debugging and Logs: Check for error messages in the terminal if you encounter any issues. 
 Customization: Adjust settings and commands using the set commands within the 

application to fit your needs.

Further Hardware Ideas
Check out the Makerhacks-Blog: https://www.makerhacks.com/tag/neo6502/

https://www.makerhacks.com/tag/neo6502/
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Neo6502 Serial Interface
Introduction

Neo6502 supports a serial interface as a back door to the machine. It allows the direct injection of 
code and data into program or graphic memory and the arbitrary insertion of keys into the keyboard 
buffer.

The original method of doing this in the keyboard input did not work on some machines. This has 
now been moved out. It can be started either by typing a / RETURN at the command line, or 
programmatically (see API pdf).

So you could, for example, have a program loaded and run, and when you exit it switch back to 
'upload' mode.

Connections

The easiest way to connect is via the UEXT port as per the Neo6502 manual, connecting the ground 
line to pin 2 and TXD and RXD to pins 3 and 4 (though at present the receive is not used). It 
currently operates at 460kbps which is pretty quick.

If anyone has problems please let me know and we can try a reduced speed version.

Software

The Python script nxmit.zip allows transmission of tokenised BASIC, arbitrary data and graphic 
data.

python nxmit.zip <port> <cmd list>

    <port> is COM1 or /dev/ttyUSB0 or similar.

    Commands supported are :

        b:<file>        loads <file> as BASIC

        g:<file>        loads <file> into Graphic Memory

        f:<file>@<hex>      Loads <file> into CPU Memory at address <hex>

        k:<text>        Push text into keyboard buffer. Use ! for return

A typical command would be  python nxmit.zip /dev/ttyUSB0 B:mycode.bas 

G:mygraphics.gfx K:RUN!
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Additionally it can be used as a library, which allows you to write Python scripts to do things 
automatically - if you unzip nxmit.zip it is one file called main.py, which can be renamed, or the 
original is in the repository.

UEXT connector

UEXT connector stands for Universal EXTension connector and contains +3.3V, GND, I2C, SPI, 
UART signals.

There are different types of UEXT connectors, but layout is usually the same. 

The original UEXT connector is 0.1” 2.54mm step boxed plastic connector. All signals are at 3.3V 
levels.

Olimex has developed number of MODULES with this connector. There are temperature, humidity, 
pressure, magnetic field, light sensors. Modules with LCDs, LED matrix, relays, Bluetooth, ZigBee, 
WiFi, GSM, GPS, RFID, RTC, EKG, sensors and etc.

https://www.olimex.com/Products/Modules/
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Neo6502 UEXT connector is wired to RP2040 GPIOs as follows:

Slide configuration switch can enable/disable the buzzer, also can connect or disconnect RESB, 
NMIB and IRQB to RP2040 UEXT signals.

By default Neo6502 is shipped with all sections connected on the switch i.e. buzzer is enabled and 
all signals are wired to RP2040. This means you can’t use SPI on UEXT connector if you do not 
disconnect these signals.
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6502 bus connector

All 6502 signals are available on BUS1 connector for attaching external hardware on it.

+5V, 3.3V, GND

D0-D7, A0-A15, PHI2, R/W, RESB, SOB, MLB, VPB, SYNC, NMIB, IRQB

Two SWD signals (SWDIO, SWCLK) for RP2040 debugging are also present, these should be left 
free (if not used for debugging), on the external 6502 peripheral boards.
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5) Appendix

A) Neo6502 Messaging API
The Neo6502 API is a messaging system. There are no methods to access the hardware directly. 
Messages are passed via the block of memory from $FF00 to $FF0F, as specified in the "API 
Messaging Addresses" table on the following page.

The kernel include file documents/release/neo6502.inc specifies the beginning of this address range 
as the identifier ControlPort, along with the addresses of WaitMessage and SendMessage (described 
later), various related kernel jump vectors, and some helper functions.

The application include files examples/assembly/neo6502.asm.inc and examples/C/neo6502.h also 
specify the beginning of this address range as the identifier ControlPort. The assembly include also 
specifies ControlPort and the other controls as API_COMMAND, API_FUNCTION, API_ERROR, 
API_STATUS, and API_PARAMETERS. The C header also specifies ControlPort and the other 
controls as API_COMMAND_ADDR, API_FUNCTION_ADDR, API_ERROR_ADDR, 
API_STATUS_ADDR, and API_PARAMETERS_ADDR.

API Commands/Functions are grouped by functionality. For example, Group 1 are system-related, 
and Group 2 are console-I/O-related.

Command/Function Parameters are notated in this document as Params[0] through Params[7], or as 
a list or range (eg: Params[1,2], Params[0..7]). Note that these are referring to a mapping to memory 
locations. The numbers represent offsets from the Parameters base address $FF04. Ie: the actual 
bytes are not necessarily all distinct "parameters" in the conventional sense. Depending on the 
routine, a logical parameter may be an individual byte, one or more bits of a byte interpreted as a 
composite or bit-field, or multiple adjacent bytes interpreted as 16 or 32 bit values. For example, the 
list Params[0,1] would indicate a single logical parameter, comprised of the two adjacent bytes 
$FF04 and $FF05. The range Params[4..7] would indicate a single logical parameter, spanning 
consecutive bytes between $FF08 and $FF0B.

Note that strings referenced by Parameters are not ASCIIZ, but are length-prefixed.

The first byte represents the length of the string (not counting itself). The string begins at the second 
byte. Consequently, strings must be 255 bytes or less (not counting the length header).
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API Messaging Addresses

Address Type Notes

FF00 Group

Group selector and status. Writing a non-zero value to this location triggers 
the routine specified in $FF01. The system will respond by setting the 'Error', 
'Information', and 'Parameters' values appropriately. Upon completion, this 
memory location will be will cleared.

FF01 Function
A command or function within the selected Group. For example, Group 1 
Function 0 writes a value to the console; and Group 1 Function 1 reads the 
keyboard.

FF02 Error Return any error values, 0 = no error.
FF03:7 Status Set (1) if the ESCape key has been pressed. This is not automatically reset.
FF03:6 unused
FF03:5 unused
FF03:4 unused
FF03:3 unused
FF03:2 unused
FF03:1 unused
FF03:0 unused

FF04.. Parameters

This memory block is notated in this document as Params[0] through 
Params[7], or as a composite list or range (eg: Params[1,2], Params[0..7]). 
Some Functions require Parameters in these locations and some return values 
in these locations; yet others do neither.

API Interfacing Protocol

Neo6502 application programmers should interact with the API per the following algorithm:

1. Wait for any pending command to complete. There is a subroutine WaitMessage which does 
this for the developer.

2. Setup the Function code at $FF01; and any Parameters across $FF04..$FF0B. To print a 
character for example, set $FF01 to $06 and set $FF04 to the character's ASCII value. To 
draw a line, set $FF01 to $02 and set $FF04..$FF0B as four 16-bit pixel coordinates:

3. Setup the command code at $FF00. This triggers the routine; so mind that the Function code 
and Parameters are setup sanely prior. On a technical point, both implementations process 
the message immediately on write.

4. Optionally, wait for completion. Most commands (eg: writing to the console) do not require 
waiting, as any subsequent command will wait/queue as per step 1. Query commands (e.g. 
reading from the keyboard queue), return a value in a parameter. Programs must wait until 
the control address $FF00 has been cleared before reading the result of a query.
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There is a support function SendMessage, which in-lines the command and function. E.g.: this code 
from the Kernel:

jsr KSendMessage ; send message for command 2,1 (read keyboard)

.byte 2,1

jsr KWaitMessage ; wait to receive the result message

lda DParameters ; read result

The instructions above are equivalent to the following explicit steps:

lda #1

sta DFunction

lda #2

sta DCommand ; trigger API function 2,1 (read keyboard)

Loop:

lda DCommand ; load the result - non-zero until the routine's completion

bne Loop ; wait for API routine to complete

lda DParameters ; read result (a key-code)

Mathematical Interface

The mathematical interface of the API functions largely as a helper system for the BASIC 
interpreted, but it is open to any developer who wishes to avail themselves of the functionality. It is 
strongly advised that function 32 of Group 4 (NumberToDecimal) is not used as this is extremely 
specific and as such is not documented.

The interface is used in a stack environment, but is designed so it could be used in either a stack 
environment or a fixed location environment. The Neo6502 BASIC stack is also 'split', so elements 
are not consecutive, though they can be.

Parameter 0 and 1 specify the address of the registers 1 and 2. Register 1 starts at this address, 
Register 2 starts at the next address. Parameter 2 specifies the step to the next register. Therefore 
they are interleaved by default at present.

So if Parameters 0 and 1 are 8100 and Parameter 2 is 4, the 5 byte registers are

Register 1: 8100,8104,8108,810C,8110

Register 2: 8101,8105,8109,810D,8111

Bytes 1-4 of the 'register' are the number, which can be either an integer (32 bit signed) or a 
standard 'C' float (e.g. the IEEE Single Precision Float format). Bit 0 is the type byte, and the 
relevant bit is bit 6, which is set to indicate bytes 1-4 are a float value, and is set on return.

Binary functions that use int and float combined (one is int and one is float) normally return a float.
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Console Codes

The following are console key codes. They can be printed in BASIC programs using chr$(n), and 
are also related to the character keys returned by inkey$(). The key() function uses physical key 
numbers. Some control codes do not have corresponding keyboard keys; and some console outputs 
are not yet implemented.

Backspace (8), Tab (9), Enter/CR (13), Escape (27), and the printable characters (32..127) are the 
standard ASCII set. Other typical control keys (eg: Home and arrows) are mapped into the 0..31 
range.

Console Key Codes - Non-Printable

Code Ctrl Key Function

1 A Left Arrow Cursor Left
4 D Right Arrow Cursor Right
5 E Insert Insertion Mode
6 F Page Down Cursor Page Down
7 G End Cursor Line End
8 H Backspace Delete Character Left
9 I Tab Tab Character
10 J Line Feed
12 L Clear Screen
13 M Enter Carriage Return (Accept Line)
18 R Page Up Cursor Page Up
19 S Down Cursor Down
20 T Home Cursor Line Begin
22 V Cursor Down (8 Lines)
23 W Up Cursor Up
24 X Cursor Color Inverse
26 Z Delete Delete Character Right
27 [ Escape Exit

Console Key Codes - Printable

Code Type Notes

20-7F ASCII Set Standard ASCII Characters
80-8F Set Foreground Color
90-9F Set Background Color
C0-FF User-definable Characters
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Graphics

Graphics Settings

Function 5,1 configures the global graphics system settings. Not all Parameters are relevant for all 
graphics commands; but all Parameters will be set by this command. So mind their values.

The actual color of each drawn pixel will be computed at runtime by AND'ing the existing pixel 
color with the value specified in Params[0], then XOR'ing the result with the value specified in 
Params[1].

The value in Params[2] is a flag which determines the paint fill mode for the Draw Rectangle and 
Draw Ellipse commands: reset (0) for outline, set (1) for solid fill.

The value in Params[3] is the draw extent (window) for the Draw Image command.

The value in Params[4] is a bit-field of flags for the Draw Image command, which determine if the 
image will be inverted (flipped) horizontally or vertically: bit-0 for horizontal, bit-1 for vertical, 
reset (0) for normal, set (1) for inverted.

For the "Draw Rectangle" and "Draw Ellipse" commands, the given order and position of the 
coordinates are not significant. To be precise, one is "a corner" and the other is "the opposite 
corner". For the "Draw Ellipse" command, these corners are referring to the bounding-box. The 
coordinates for an ellipse will lie outside of the ellipse itself.

Graphics Data

Graphics data files are conventionally named ending in the .gfx suffix; though this is not mandatory. 
The format is quite simple.

Graphics Data Format

Offset Data Notes

0 1 Graphics Data Format ID
1 Count Number of 16x16 tiles in use
2 Count Number of 16x16 sprites in use
3 Count Number of 32x32 sprites in use
4..255 Reserved
256 Raw Sprites graphics data
The layout of sprites graphics data is all of the 16x16 tiles, followed by all the 16x16 sprites, 
followed by all the 32x32 sprites, all in their respective orders. As there is currently only about 
20kB of Graphics Memory, these should be used somewhat sparingly.

Each byte specifies 2 pixels. The upper 4 bits represent the first pixel colour; and the lower 4 bits 
represent the second pixel colour. So tiles and 16x16 sprites occupy 16x16/2 bytes (128 bytes) each. 
Each 32x32 sprite occupies 32x32/2 bytes (512 bytes). Colour 0 is transparent for sprites (colour 9 
should be used for a black pixel).

The release package includes Python scripts for creating graphics files, which allow you to design 
graphics using your preferred editing tools (eg: Gimp, Inkscape, Krita, etc). There is an example in 
the crossdev directory, which demonstrates how to get started importing graphics into the Neo6502.
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Sprites

The Neo6502 graphics system has one sprite layer (z-plane) in the conventional sense. Technically, 
there is no "sprite layer", per-se. The system uses palette manipulation to create, what is in practice, 
a pair of 4-bit bit-planes. The sprite graphics are in the upper nibble, the background is in the lower 
nibble, and the background is drawn only if the sprite graphic layer is zero. It's this top nibble which 
is read by Function 5,36 "Read Sprite Pixel".

Function 6,2 sets or updates a sprite. These parameters (eg: the X and Y coordinates) cannot be set 
independently. To retain/reuse the current value of a parameter for a subsequent call, set each of the 
associated byte(s) to $80 (eg: $80,$80,$80,$80 for coordinates).

The 'Sprite' Parameter Params[0] specifies the index of the sprite in the graphics system. Sprite 0 is 
the turtle sprite.

Params[1,2],Params[3,4] specifies the X and Y screen coordinates.

Bits 0-5 of the 'Image' Parameter Params[5] specify the index of a specific graphic within the sprites 
data. Bit 6 of the 'Image' Parameter specifies the sprite dimensions: reset (0) for 16x16, set (1) for 
32x32. In practice, the index is the same as the sprite number ($80-$BF for 16x16 sprites, $C0-$FF 
for 32x32 sprites), but without bit-7 set.

The value in Params[6] specifies a bit-field of flags, which determines if the graphic will be 
inverted (flipped) horizontally or vertically: bit-0 for horizontal, bit-1 for vertical, reset (0) for 
normal, set (1) for inverted.

Params[7] specifies the anchor alignment.

Sprite Anchors

The table below shows the valid anchor alignments for a sprite. The anchor position is the origin of 
the relative coordinate given. That is, coordinates 0,0 of the sprite will coincide with one of the 
positions shown in the table below. The default anchor alignment is zero (middle-center).

7 8 9

4 0/5 6

1 2 3
To the right are two examples. Assume this is a 32x32 sprite. In the upper example, the anchor point 
is at 8, the top-center. Considering the origin at the bottom-left, this sprite is drawn at 16,32, the 
midpoint of the top of the square.

In the lower example, the anchor point is at 0; and this sprite is drawn at 16,16 (the middle of the 
square). The anchor point should be something like the centre point. So for a walking character, this 
might be anchor point 2 (the bottom-center).
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Sound

Function 8,4 queues a sound. Queued sounds are played sequentially, each after the previous has 
completed, such that sounds within a channel queue will not conflict, interrupt, or overlap.

Frequency is in units of Hertz. Duration is in units of 100ths of a second. Slide is a gradual linear 
change in frequency, in units of Hz per 100th of a second. Sound target type 0 is the beeper. 
Currently, the beeper is the only available sound target.

Queue Sound Parameters

FF04 FF05 FF06 FF07 FF08 FF09 FF0A FF0B
Channel Freq Low Freq High Length Low Length High Slide Low Slide High Target
Function 8,7 is an extended version of this ; function 8.4 still works, but 8,7 allows access to the 
extended multi channel sound functionality. Sound types are, at the time of writing, 0 (square wave) 
and 1 (random noise). There are four channels minimum, but the function 8,8 allows you to read the 
number of supported channels.

FF04 FF05 FF06 FF07 FF08 FF09 FF0A FF0B FF0C

Channel
Freq 
Low

Freq 
High

Length 
Low

Length 
High

Slide 
Low

Slide 
High

Sound 
Type

Sound 
Volume

Sound Effects

Function 8,5 plays a sound effect immediately. These will be synthesised to the best ability of the 
available hardware, so the actual sound may vary slightly. 

ID Sound

0 positive
1 negative
2 error
3 confirm
4 reject
5 sweep
6 coin
7 las70
8 powerup
9 victory
10 defeat
11 fanfare
12 alarm 1
13 alarm 2
14 alarm 3
15 ringtone 1
16 ringtone 2
17 ringtone 3
18 danger
19 expl100
20 expl50
21 expl20
22 las30
23 las10
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Filing system

The Neo6502 supports the FAT32 file system on a USB mass storage device or SD card. Only the 
first partition is supported, and filenames must be in the standard DOS 8.3 format.

There is a fairly standard set of functions for loading and saving files, manipulating files and 
directories, and performing random-access file operations.

File attributes

Files may have any combination of the following bits set.

Name Value Meaning

FIOATTR_DIR 0x01 This is a directory (may not be modified)

FIOATTR_SYSTEM 0x02 This is a system file and will be hidden from directory listings

FIOATTR_ARCHIVE 0x04 File is archived; automatically cleared when the file is modified

FIOATTR_READONLY 0x08 File is read only and may not be overwritten or modified

FIOATTR_HIDDEN 0x10 This will be hidden from directory listings

Error codes

Most of the functions in group 3 will return an error/status code to indicate whether the operation 
succeeded or not. This will be a value from the following enumeration.

Values here are grouped by their top four bits; applications will typically only need to check the 
group value unless they are interested in the specific error.

Group 0; miscellaneous

Name Value Meaning

FIOERROR_OK 0x00 Operation succeeded (not an error)

FIOERROR_UNKNOWN 0x01 Something went wrong, but we don't know what

FIOERROR_EOF 0x02
A read or directory enumeration operation reached the 
end of the file

FIOERROR_UNIMPLEMENTED 0x03 Operation is not implemented

Group 1: path errors

Name Value Meaning

FIOERROR_NO_FILE 0x11 Could not find the file

FIOERROR_NO_PATH 0x12 Could not find the path

FIOERROR_INVALID_DRIVE 0x13 The logical drive number is invalid

FIOERROR_INVALID_NAME 0x14 The path name format is invalid

FIOERROR_INVALID_PARAMETER 0x15 Given parameter is invalid
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Group 2: access errors

Name Value Meaning

FIOERROR_DENIED 0x21
Access denied due to prohibited access or disk or 
directory full

FIOERROR_EXIST 0x22 Access denied due to prohibited access

FIOERROR_INVALID_OBJECT 0x23 The file/directory object is invalid

FIOERROR_WRITE_PROTECTED 0x24 The physical drive is write protected

FIOERROR_LOCKED 0x25 File is in use

Group 3: media errors

Name Value Meaning

FIOERROR_DISK_ERR 0x31 A hard error occurred in the low level disk I/O layer

FIOERROR_INT_ERR 0x32 Assertion failed

FIOERROR_NOT_READY 0x33 The physical drive cannot work

FIOERROR_NOT_ENABLED 0x34 The volume has no work area

FIOERROR_NO_FILESYSTEM 0x35 The filesystem is invalid

Group 4: internal errors

These indicate an internal error with the Morpheus firmware and should never happen.

Name Value Meaning

FIOERROR_MKFS_ABORTED 0x41 The f_mkfs() aborted due to any problem

FIOERROR_TIMEOUT 0x42
Could not get a grant to access the volume 
within defined period

FIOERROR_NOT_ENOUGH_CORE 0x43 LFN working buffer could not be allocated

FIOERROR_TOO_MANY_OPEN_FILES 0x44 fatfs has seen too many open files
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B) API Functions

The following tables are a comprehensive list of all supported API functions.

For the convenience of application programmers, the application include files 
examples/C/neo6502.h and examples/assembly/neo6502.asm.inc define macros for these groups, 
their functions, and common parameters (colors, musical notes, etc).

Group 1 : System

Function 0 : DSP Reset

Resets the messaging system and component systems. Normally, should not be used.

Function 1 : Timer

Deposit the value (32-bits) of the 100Hz system timer into Parameters:0..3.

Function 2 : Key Status

Deposits the state of the specified keyboard key into Parameter:0.

State of keyboard modifiers (Shift/Ctrl/Alt/Meta) is returned in Parameter:1.

The key which to query is specified in Parameter:0.

Function 3 : Basic

Loads and allows the execution of BASIC via a indirect jump through address zero.

Function 4 : Credits

Print the Neo6502 project contributors (stored in flash memory).

Function 5 : Serial Status

Check the serial port to see if there is a data transmission.

Function 6 : Locale

Set the locale code specified in Parameters:0,1 as upper-case ASCII letters.

Parameter:0 takes the first letter and Parameter:1 takes the second letter.

For example: French (FR) would require Parametr 0 being $46 and Parameter 1 being $52

Function 7 : System Reset

System Reset. This is a full hardware reset. It resets the RP2040 using the Watchdog timer, and this 
also resets the 65C02.

Function 8 : MOS

Do a MOS command (a '* command') these are specified in the Wiki as they will be steadily 
expanded.

Function 10 : Write character to debug

Writes a single character to the debug port (the UART on the Pico, or stderr on the emulator). This 
allows maximum flexibility.
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Function 11 : Return Version Information

Reads the current version Major.Minor.Patch into Parameters:0..2 These values are guaranteed to be 
in the range 0.255

Group 2 : Console

Function 0 : Write Character

Console out (duplicate of Function 6 for backward compatibility).

Function 1 : Read Character

Read and remove a key press from the keyboard queue into Parameter:0. This is the ASCII value of 
the keystroke.

If there are no key presses in the queue, Parameter:0 will be zero.

Note that this Function is best for text input, but not for games. Function 7,1 is more optimal for 
games, as this only detects key presses, you cannot check whether the key is currently down or not.

Function 2 : Console Status

Check to see if the keyboard queue is empty. If it is, Parameter:0 will be $FF, otherwise it will be 
$00

Function 3 : Read Line

Input the current line below the cursor into Parameters:0,1 as a length-prefixed string; and move the 
cursor to the line below. Handles multiple-line input.

Function 4 : Define Hotkey

Define the function key F1..F10 specified in Parameter:0 as 1..10 to emit the length-prefixed string 
stored at the memory location specified in Parameters:2,3.

F11 and F12 cannot currently be defined.

Function 5 : Define Character

Define a font character specified in Parameter:0 within the range of 192..255.

Fill bits 0..5 (columns) of Parameters:1..7 (rows) with the character bitmap.

Function 6 : Write Character

Write the character specified in Parameter:0 to the console at the cursor position.

Refer to Section "Console Codes" for details.

Function 7 : Set Cursor Pos

Move the cursor to the screen character cell Parameter:0 (X), Parameter:1 (Y).

Function 8 : List Hotkeys

Display the current function key definitions.

Function 9 : Screen Size

Returns the console size in characters, in Parameter:0 (height) and Parameter:1 (width).
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Function 10 : Insert Line

This is a support function which inserts a blank line in the console and should not be used.

Function 11 : Delete Line

This is a support function which deletes a line in the console and should not be used.

Function 12 : Clear Screen

Clears the screen.

Function 13 : Cursor Position

Returns the current screen character cell of the cursor in Parameter:0 (X), Parameter:1 (Y).

Function 14 : Clear Region

Erase all characters within the rectangular region specified in Parameters:0,1 (begin X,Y) and 
Parameters:2,3 (end X,Y).

Function 15 : Set Text Color

Sets the foreground colour to Parameter:0 and the background colour to Parameter:1.

Function 16 : Cursor Inverse

Toggles the cursor colour between normal and inverse (ie: swaps FG and BG colors). This should 
not be used.

Function 17 : Tab() implementation

Internal helper.

Function 18 : Read Ink/Paper Colours

Read the ink/paper colours into Param[0] and Param[1]

Function 19 : Show/Hide Cursor Reversing

Set the cursor visibility to Param[0]. This is reset by clearing the screen.

Group 3 : File I/O

Function 1 : List Directory

Display the file listing of the present directory.

Function 2 : Load File

Load a file by name into memory. On input:

Parameters:0,1 points to the length-prefixed filename string;

Parameters:2,3 contains the location to write the data to. If the address is $FFFF, the file will instead 
be loaded into the graphics working memory, used for sprites, tiles, images.

On output:

Error location contains an error/status code.
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Function 3 : Store File

Saves data in memory to a file. On input:

Parameters:0,1 points to the length-prefixed filename string;

Parameters:2,3 contains the location to read data from;

Parameters:4,5 specified the number of bytes to store.

On output:

Error location contains an error/status code.

Function 4 : File Open

Opens a file into a specific channel. On input:

Parameter:0 contains the file channel to open;

Parameters:1,2 points to the length-prefixed filename string;

Parameter:3 contains the open mode. See below.

Valid open modes are:

0 opens the file for read-only access;

1 opens the file for write-only access;

2 opens the file for read-write access;

3 creates the file if it doesn't already exist, truncates it if it does, and opens the file for read-write 
access.

Modes 0 to 2 will fail if the file does not already exist. If the channel is already open, the call fails. 
Opening the same file more than once on different channels has undefined behaviour, and is not 
recommended.

Function 5 : File Close

Closes a particular channel. On input:

Parameter:0 contains the file channel to close. If this is $FF this closes all open files.

Function 6 : File Seek

Seeks the file opened on a particular channel to a location. On input:

Parameter:0 contains the file channel to operate on;

Parameters:1..4 contains the file location.

You can seek beyond the end of a file to extend the file. However, whether the file size changes 
when the seek happens, or when you perform the write is undefined behavior.

Function 7 : File Tell

Returns the current seek location for the file opened on a particular channel. On input:

Parameter:0 contains the file channel to operate on.

On output:

Parameters:1..4 contains the seek location within the file.
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Function 8 : File Read

Reads data from an opened file. On input:

Parameter:0 contains the file channel to operate on.

Parameters:1,2 points to the destination in memory,

or $FFFF to read into graphics memory.

Parameters:3,4 contains the amount of data to read.

On output:

Parameters:3,4 is updated to contain the amount of data actually read.

Data is read from the current seek position, which is advanced after the read.

Function 9 : File Write

Writes data to an opened file. On input:

Parameter:0 contains the file channel to operate on;

Parameters:1,2 points to the data in memory;

Parameters:3,4 contains the amount of data to write.

On output:

Parameters:3,4 is updated to contain the amount of data actually written.

Data is written to the current seek position, which is advanced after the write.

Function 10 : File Size

Returns the current size of an opened file. On input:

Parameter:0 contains the file channel to operate on.

On output:

Parameters:1..4 contains the size of the file.

This call should be used on open files, and takes into account any buffered data which has not yet 
been written to disk. Consequently, this may return a different size than Function 3,16 "File Stat".

Function 11 : File Set Size

Extends or truncates an opened file to a particular size. On input:

Parameter:0 contains the file channel to operate on;

Parameters:1..4 contains the new size of the file.

Function 12 : File Rename

Renames a file. On input:

Parameters:0,1 points to the length-prefixed string for the old name;

Parameters:2,3 points to the length-prefixed string for the new name.

Files may be renamed across directories.
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Function 13 : File Delete

Deletes a file or directory. On input:

Parameters:0,1 points to the length-prefixed filename string.

Deleting a file which is open has undefined behaviour. Directories may

only be deleted if they are empty.

Function 14 : Create Directory

Creates a new directory. On input:

Parameters:0,1 points to the length-prefixed filename string.

Function 15 : Change Directory

Changes the current working directory. On input:

Parameters:0,1 points to the length-prefixed path string.

Function 16 : File Stat

Retrieves information about a file by name. On input:

Parameters:0,1 points to the length-prefixed filename string.

Parameters:0..3 contains the length of the file;

Parameter:4 contains the attributes bit-field of the file.

If the file is open for writing, this may not return the correct size due to buffered data not having 
been flushed to disk.

File attributes are a bitfield as follows: 0,0,0,Hidden, Read Only, Archive, System, Directory.

Function 17 : Open Directory

Opens a directory for enumeration. On input:

Parameters:0,1 points to the length-prefixed filename string.

Only one directory at a time may be opened. If a directory is already open when this call is made, it 
is automatically closed. However, an open directory may make it impossible to delete the directory; 
so closing the directory after use is good practice.

Function 18 : Read Directory

Reads an item from the currently open directory. On input:

Parameters:0,1 points to a length-prefixed buffer for returning the filename.

Parameters:0,1 is unchanged, but the buffer is updated to contain the

length-prefixed filename (without any leading path);

Parameters:2..5 contains the length of the file;

Parameter:6 contains the file attributes, as described by Function 3,16 "File Stat".

If there are no more items to read, this call fails and an error is flagged.

Function 19 : Close Directory

Closes any directory opened previously by Function 3,17 "Open Directory".
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Function 20 : Copy File

Copies a file. On input:

Parameters:0,1 points to the length-prefixed old filename;

Parameters:2,3 points to the length-prefixed new filename.

Only single files may be copied, not directories.

Function 21 : Set file attributes

Sets the attributes for a file. On input:

Parameters:0,1 points to the length-prefixed filename;

Parameter:2 is the attribute bitfield. (See Stat File for details.)

The directory bit cannot be changed. Obviously.

Function 22 : Check End of File.

Returns the end of file status of an opened file. On input:

Parameter:0 contains the file channel to operate on.

On output:

Parameter:0 is non-zero if the file is at the end of the file.

This call should be used on open files and may return an error if the file is closed.

Function 23 : Get Current Working Directory.

Copies the current working directory into the String at address Parameters:0,1. which is of 
maximum length Parameters:2

Function 32 : List Filtered

Prints a filtered file listing of the current directory to the console. On input:

Parameters:0,1 points to the filename search string.

Files will only be shown if the name contains the search string (ie: a substring match).

Group 4 : Mathematics

Function 0 : Addition

Register1 := Register 1 + Register2

Function 1 : Subtraction

Register1 := Register 1 - Register2

Function 2 : Multiplication

Register1 := Register 1 * Register2

Function 3 : Decimal Division

Register1 := Register 1 / Register2 (floating point)
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Function 4 : Integer Division

Register1 := Register 1 / Register2 (integer result)

Function 5 : Integer Modulus

Register1 := Register 1 mod Register2

Function 6 : Compare

Parameter:0 := Register 1 compare Register2 : returns $FF, 0, 1 for less equal and greater.

Note: float comparison is approximate because of rounding.

Function 7 : Power

Register1 := Register 1 to the power of Register2 (floating point result whatever)

Function 8 : Distance (counter-rectangle)

Register1 := Square root of (Register1 * Register1) + (Register2 * Register2)

Function 9 : Angle calculation (arctangent2)

Register1 := arctangent2(Register 1,Register 2) - angle in degrees/radians

Function 16 : Negate

Register1 := -Register 1

Function 17 : Floor

Register1 := floor(Register 1)

Function 18 : Square Root

Register1 := square root(Register 1)

Function 19 : Sine

Register1 := sine(Register 1) angles in degrees/radians

Function 20 : Cosine

Register1 := cosine(Register 1) angles in degrees/radians

Function 21 : Tangent

Register1 := tangent(Register 1) angles in degrees/radians

Function 22 : Arctangent

Register1 := arctangent(Register 1) angles in degrees/radians

Function 23 : Exponent

Register1 := e to the power of Register 1

Function 24 : Logarithm

Register1 := log(Register 1) natural logarithm

Function 25 : Absolute Value

Register1 := absolute value(Register 1)
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Function 26 : Sign

Register1 := sign(Register 1), returns -1 0 or 1

Function 27 : Random Decimal

Register1 := random float from 0-1

Function 28 : Random Integer

Register1 := random integer from 0 to (Register 1-1)

Function 32 : Number to Decimal

Helper function for tokeniser, do not use.

Function 33 : String to Number

Convert the length prefixed string at Parameters:4,5 to a constant in Register1.

Function 34 : Number to String

Convert the constant in Register1 to a length prefixed string which is stored at Parameters:4,5

Function 35 : Set Degree/Radian Mode

Sets the use of degrees (the default) when non zero, radians when zero.

Group 5 : Graphics

Function 1 : Set Defaults

Configure the global graphics system settings.

Not all parameters are relevant for all graphics commands; but all parameters will be set by this 
command. So mind their values.

Refer to Section "Graphics Settings" for details.

The parameters are And, Or, Fill Flag, Extent, and Flip. Bit 0 of flip sets the horizontal flip, Bit 1 
sets the vertical flip.

Function 2 : Draw Line

Draw a line between the screen coordinates specified in Parameters:0,1,Parameters:2,3 (begin X,Y) 
and Parameters:4,5,Parameters:6,7 (end X,Y).

Function 3 : Draw Rectangle

Draw a rectangle spanning the screen coordinates specified in Parameters:0,1,Parameters:2,3 
(corner X,Y) and Parameters:4,5,Parameters:6,7 (opposite corner X,Y).

Function 4 : Draw Ellipse

Draw an ellipse spanning the screen coordinates specified in Parameters:0,1,Parameters:2,3 (corner 
X,Y) and Parameters:4,5,Parameters:6,7 (opposite corner X,Y).

Function 5 : Draw Pixel

Draw a single pixel at the screen coordinates specified in Parameters:0,1,Parameters:2,3 (X,Y).
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Function 6 : Draw Text

Draw the length-prefixed string of text stored at the memory location specified in Parameters:4,5 at 
the screen character cell specified in Parameters:0,1,Parameters:2,3 (X,Y).

Function 7 : Draw Image

Draw the image with image ID in Parameter:4 at the screen coordinates 
Parameters:0,1,Parameters:2,3 (X,Y). The extent and flip settings influence this command.

Function 8 : Draw Tilemap

Draw the current tilemap at the screen coordinates specified in Parameters:0,1,Parameters:2,3 (top-
left X,Y) and Parameters:4,5,Parameters:6,7 (bottom-right X,Y) using current graphics settings.

Function 32 : Set Palette

Set the palette colour at the index spcified in Parameter:0 to the values in 
Parameter:1,Parameter:2,Parameter:3 (RGB).

Function 33 : Read Pixel

Read a single pixel at the screen coordinates specified in Parameters:0,1,Parameters:2,3 (X,Y).

When the routine completes, the result will be in Parameter:0. If sprites are in use, this will be the 
background only (0..15), if sprites are not in use it may return (0..255)

Function 34 : Reset Palette

Reset the palette to the defaults.

Function 35 : Set Tilemap

Set the current tilemap.

Parameters:0,1 is the memory address of the tilemap, and Parameters:2,3,Parameters:4,5 (X,Y) 
specifies the offset into the tilemap, in units of pixels, of the top-left pixel of the tile.

Function 36 : Read Sprite Pixel

Read Pixel from the sprite layer at the screen coordinates specified in 
Parameters:0,1,Parameters:2,3 (X,Y).

When the routine completes, the result will be in Parameter:0.

Refer to Section "Pixel Colors" for details.

Function 37 : Frame Count

Deposit into Parameters:0..3, the number of v-blanks (full screen redraws) which have occurred 
since power-on. This is updated at the start of each v-blank period.

Function 38 : Get Palette

Get the palette colour at the index spcified in Parameter:0. Values are returned in 
Parameter:1,Parameter:2,Parameter:3 (RGB).

Function 39 : Write Pixel

Write Pixel index Parameter:4 to the screen coordinate specified in Parameters:0,1,Parameters:2,3 
(X,Y).



71

Function 64 : Set Color

Set Color

Sets the current drawing colour to Parameter:0

Function 65 : Set Solid Flag

Set Solid Flag

Sets the solid flag to Parameter:0, which indicates either solid fill (for shapes) or solid background 
(for images and fonts)

Function 66 : Set Draw Size

Set Draw Size

Sets the drawing scale for images and fonts to Parameter:0

Function 67 : Set Flip Bits

Set Flip Bits

Sets the flip bits for drawing images. Bit 0 set causes a horizontal flip, bit 1 set causes a vertical 
flip.

Group 6 : Sprites

Function 1 : Sprite Reset

Reset the sprite system.

Function 2 : Sprite Set

Set or update the sprite specified in Parameter:0.

The parameters are : Sprite Number, X Low, X High, Y Low, Y High, Image, Flip and Anchor and 
Flags

Bit 0 of flags specifies 32 bit sprites.

Values that are $80 or $8080 are not updated.

Function 3 : Sprite Hide

Hide the sprite specified in Parameter:0.

Function 4 : Sprite Collision

Parameter:0 is non-zero if the distance is less than or equal to Parameter:2 between the center of the 
sprite with index specified in Parameter:0 and the center of the sprite with index specified in 
Parameter:1 .

Function 5 : Sprite Position

Deposit into Parameters:1..4, the screen coordinates of the sprite with the index specified in 
Parameter:0.
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Group 7 : Controller

Function 1 : Read Default Controller

This reads the status of the base controller into Parameter:0, and is a compatibility API call.

The base controller is the keyboard keys (these are WASD+OPKL or Arrow Keys+ZXCV) or the 
gamepad controller buttons. Either works.

The 8 bits of the returned byte are the following buttons, most significant first :

Y X B A Down Up Right Left

Function 2 : Read Controller Count

This returns the number of game controllers plugged in to the USB System into Parameter:0. This 
does not include the keyboard based controller, only physical controller hardware.

Function 3 : Read Controller

This returns a specific controller status. Controller 0 is the keyboard controller, Controllers 1 
upwards are those physical USB devices.

This returns a 32 bit value in Parameters:0..3 which currently is compatible with function 1, but 
allows for expansion.

The 8 bits of the returned byte are the following buttons, most significant first :

Y X B A Down Up Right Left

Group 8 : Sound

Function 1 : Reset Sound

Reset the sound system. This empties all channel queues and silences all channels immediately.

Function 2 : Reset Channel

Reset the sound channel specified in Parameter:0.

Function 3 : Beep

Play the startup beep immediately.

Function 4 : Queue Sound

Queue a sound. Refer to Section #\ref{sound} "Sound" for details.

The parameters are : Channel, Frequency Low, Frequency High, Duration Low, Duration High, 
Slide Low, Slide High and Source.

Function 5 : Play Sound

Play the sound effect specified in Parameter:1 on the channel specified in Parameter:0 immediately, 
clearing the channel queue.

Function 6 : Sound Status

Deposit in Parameter:0 the number of notes outstanding before silence in the queue of the channel 
specified in Parameter:0, including the current playing sound, if any.
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Function 7 : Queue Sound Extended

Queue a sound. Refer to Section #\ref{sound} "Sound" for details. This is an extension of call 4 to 
support different waveform types and volumes. The source parameter is no longer used.

The parameters are : Channel, Frequency Low, Frequency High, Duration Low, Duration High, 
Slide Low, Slide High, Sound Type and Sound Volume. All these

are 16 bit parameters except the sound type and volume, and the channel number.

Function 8 : Get Channel Count

This returns the number of channels in Parameter #0

Group 9 : Turtle Graphics

Function 1 : Turtle Initialise

Initialise the turtle graphics system.

Parameter:0 is the sprite number to use for the turtle,as the turtle graphics system “adopts” one of 
the sprites.

The icon is not currently re-definable, and initially the turtle is hidden.

Function 2 : Turtle Turn

Turn the turtle right by Parameter:0,1 degrees. Show if hidden. To turn left, turn by a negative 
amount.

Function 3 : Turtle Move

Move the turtle forward by Parameter:0,1 degrees, drawing in colour Parameter:2 if Parameter:3 is 
non-zero.

Function 4 : Turtle Hide

Hide the turtle.

Function 5 : Turtle Home

Move the turtle to the home position (in the center, pointing upward).

Function 6 : Turtle Show

Show the turtle.

Group 10 : UEXT I/O

Function 1 : UEXT Initialise

Initialise the UEXT I/O system.

This resets the IO system to its default state, where all UEXT pins are I/O pins, inputs and enabled.

Function 2 : Write GPIO

This copies the value Parameter:1 to the output latch for UEXT pin Parameter:0.

This will only display on the output pin if it is enabled, and its direction is set to "Output" direction.
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Function 3 : Read GPIO

If the pin is set to "Input" direction, reads the level on pin on UEXT port Parameter:0.

If it is set to "Output" direction, reads the output latch for pin on UEXT port Parameter:0.

If the read is successful, the result will be in Parameter:0.

Function 4 : Set Port Direction

Set the port direction for UEXT Port Parameter:0 to the value in Parameter:1.

This can be $01 (Input), $02 (Output), or $03 (Analogue Input).

Function 5 : Write I2C

Write to I2C Device Parameter:0, Register Parameter:1, value Parameter:2.

No error is flagged if the device is not present.

Function 6 : Read I2C

Read from I2C Device Parameter:0, Register Parameter:1.

If the read is successful, the result will be in Parameter:0.

If the device is not present, this will flag an error.

Use FUNCTION 10,2 first, to check for its presence.

Function 7 : Read Analog

Read the analogue value on UEXT Pin Parameter:0.

This has to be set to analogue type to work.

Returns a value from 0..4095 stored in Parameters:0,1, which represents an input value of 0 to 3.3 
volts.

Function 8 : I2C Status

Try to read from I2C Device Parameter:0.

If present, then Parameter:0 will contain a non-zero value.

Function 9 : Read I2C Block

Try to read a block of memory from I2C Device Parameter:0 into memory at Parameters:1,2, length 
Parameters:3,4.

Function 10 : Write I2C Block

Try to write a block of memory to I2C Device Parameter:0 from memory at Parameters:1,2, length 
Parameters:3,4.

Function 11 : Read SPI Block

Try to read a block of memory from SPI Device into memory at Parameters:1,2, length 
Parameters:3,4.

Function 12 : Write SPI Block

Try to write a block of memory to SPI Device from memory at Parameters:1,2, length 
Parameters:3,4.
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Function 13 : Read UART Block

Try to read a block of memory from UART into memory at Parameters:1,2, length Parameters:3,4. 
This can fail with a timeout.

Function 14 : Write UART Block

Try to write a block of memory to UART from memory

at Parameters:1,2, length Parameters:3,4.

Function 15 : Set UART Speed and Protocol

Set the Baud Rate and Serial Protocol for the UART interface. The baud rate is in Parameters:0..3 
and the protocol number is Parameter:4. Currently only 8N1 is supported, this is protocol 0.

Function 16 : Write byte to UART

Write byte Parameter:0 to the UART

Function 17 : Read byte from UART

Read a byte from the UART. It is returned in Parameter:0

Function 18 : Check if Byte Available

See if a byte is available in the UART input buffer. If available Parameter:0 is non zero.

Group 11 : Mouse

Function 1 : Move display cursor

Positions the display cursor at Parameters:0,1,Parameters:2,3

Function 2 : Set mouse display cursor on/off

Shows or hides the mouse cursor depending on the Parameter:0

Function 3 : Get mouse state

Returns the mouse position (screen pixel, unsigned) in x Parameters:0,1 and y Parameters:2,3, 
buttonstate in Parameter:4 (button 1 is 0x1, button 2 0x2 etc., set when pressed), scrollwheelstate in 
Parameter:5 as uint8 which changes according to scrolls.

Function 4 : Test mouse present

Returns non zero if a mouse is plugged in in Parameter:0

Function 5 : Select mouse Cursor

Select a mouse cursor in Parameter:0 ; returns error status if the cursor is not available.

Group 12 : Blitter

Function 1 : Blitter Busy

Returns a non zero value in Parameter:0 if the blitter/DMA system is currently transferring data, 
used to check availability and transfer completion.
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Function 2 : Simple Blit Copy

Copy Parameters:6,7 bytes of internal memory from Parameter:0:Parameters:1,2 to 
Parameter:3:Parameters:4,5. Sets error flag if the transfer is not

possible (e.g. illegal write addresses). The upper 8 bits of the address are : 6502 RAM (00) 
VideoRAM (80,81) Graphics RAM(90)

Function 3 : Complex Blit Copy

Copy a source rectangular area to a destination rectangular area.

It's oriented toward copying graphics data, but can be used as a more general-purpose memory 
mover.

The source and target areas may be different formats, and the copy will convert the data on the fly.

For example, you can expand 4bpp source graphics (two pixels per byte) into the 1 pixel per byte 
framebuffer.

However, the blitting is byte-oriented. So the source width is always rounded down to the nearest 
full byte.

Parameter (0) is the blit action:

0 = copy

1 = copymasked - copy, but only where src is not the transparent value.

2 = solidmasked - set target to constant solid value, but only where src is not the transparent value.

See below for transparent/solid values.

Parameters (1,2) address of the source rectangle data.

Parameters (3,4) address of the target rectangle data.

The source and target rectangle data is laid out in memory as follows:

0-2 24 bit address to copy from/to (address is address:page:0)

3 pad byte (must be zero)

4-5 Stride, in bytes. This is the value to add to the address to get from one line to the next.

Used for both source and target.

For example:

if blitting to the screen, a stride of screen width (320) would get to the next line.

a zero source stride would repeat a single line for the whole copy.

A negative target stride would draw from the bottom upward.

6 data format

0: bytes. Supported for both source and target.

1: pairs of 4-bit values (nibbles). Source only.

2: 8 single-bit values. Source only.

3: high nibble. Target only.
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4: low nibble. Target only.

7 A constant to use as the "transparent" value for BLTACT_MASK and BLTACT_SOLID. Source 
only. Not used in target.

8 A constant to use as the "solid" value for BLTACT_SOLID. Source only. Not used in target.

9 Height. The number of lines to copy.

Source only. Not used in target.

The copy is driven by the source height.

10-11 Width. The number of values to copy for each line.

Source only. Not used in target.

The copy is driven by the source width.

Function 4 : Blit Image

Blits an image from memory onto the screen. The image will be clipped, so it's safe to blit partly (or 
fully) offscreen-images.

Parameter (0) is the blit action (see function 3, Complex Blit):

Parameters (1,2) address of the source rectangle data.

Parameters (3,4) x pixel coordinate on screen (signed 16 bit)

Parameters (5,6) y pixel coordinate on screen (signed 16 bit)

Parameter (7) destination format, determines how framebuffer will be written:

0: write to whole byte.

1: unsupported

2: unsupported

3: write to high nibble only.

4: write to low nibble only.

NOTE: clipping operates at byte resolution on the source data. So, for example, if you blit a 1-bit 
image (format 2) to an x-position of -2, then the whole first byte will be skipped leaving 6 empty 
pixels on the left. Same happens on the right - either the whole source byte is used, or it'll be 
skipped.

Group 13 : Editor

Function 1 : Initialise Editor

Initialises the editor

Function 2 : Reenter the Editor

Re-enters the system editor. Returns the function required for call out, the editors sort of 'call backs' 
- see editor specification.
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C) BASIC Reference
This is a reference for Neo6502's BASIC interpreter.

There are many example programs available which are designed to show and explain the features of 
the Neo6502 and its hardware and firmware in the examples directory of the release.

For example if.bsc/if.bas so the options available for the 'if' statement, graphics.bsc/graphics.bas 
show the drawing commands, and joypad.bsc/joypad.bas show how to access the joypad (or the 
keyboard backup if none is plugged in)

Many of these are helpful for understanding specific API functions, as many BASIC commands are 
just wrappers for those functions.

Binary Operators

Precedence Operator Notes

4 *
4 / Forward slash is floating point divide. 22/7 is 3.142857
4 \ Backward slash is integer divide, 22\7 is 3
4 % Modulus of integer division ignoring signs
4 >> Logical shift right, highest bit zero
4 << Logical shift left
3 +
3 -
2 < Return -1 for true,0 for false
2 <= Return -1 for true,0 for false
2 > Return -1 for true,0 for false
2 >= Return -1 for true,0 for false
2 <> Return -1 for true,0 for false
2 = Return -1 for true,0 for false
1 & Binary AND operator on integers
1 | Binary OR operator on integers
1 ^ Binary XOR operator on integers

Arithmetic functions

Operator Notes

atan(n) Arctangent of n in degrees
atan2(y,x) Arctangent 2 calculation, dy / dx => angle
cos(n) Cosine of n, n Is in degrees.
exp(n) e to the power n
log(n) Natural Logarithm (e.g. ln2) of n.
pow(a,b) Returns a raised to the power b ; the result is always floating point.
rand(n) Random integer 0 { x { n (e.g. 0 to n-1)
rnd(n) Random number 0 { x { 1, ignores n.
sin(n) Sine of n, n Is in degrees.
sqr(n) Square root of n
tan(n) Tangent of n, n Is in degrees.
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Operator Notes
alloc(n) Allocate n bytes of memory, return address
analog(n) Read voltage level on pin n -- returns a value from 0 to 4095
asc(s$) Return ASCII value of first character or zero for empty string
chr$(n) Convert ASCII to string
deek(a) Read word value at a
eof(f) Returns non-zero value if at end of file f.
err Current error number
erl Current error line number

event(v,r)

event takes an integer variable and a fire rate (r) in 1/100 s, and uses the 
integer variable to return -1 at that rate. If the value in 'v' is zero, it resets (if 
you pause say), if the value in v is -1 the timer will not fire -- to unfreeze, 
set it to zero and it will resynchronise.

exists(file$) Returns true (-1) if the file exists, false (0) otherwise
false Return constant 0, improves boolean readability
havemouse() Return non zero if a mouse is connected.

himem
First byte after end of memory -- the stack is allocated below here, and 
string memory below that.

inkey$()
Return the key stroke if one is in the keyboard buffer, otherwise returns a n 
empty string.

idevice(device) Returns true if i2c device present.
iread(device,register) Read byte from I2C Device Register

instr(str$,search$)
Returns the first position of search$ in str$, indexed from 1. Returns zero if 
not found.

int(n) Whole part of the float value n. Integers are unchanged.
isval(s$) Converts string to number, returns -1 if okay, 0 if fails.

joycount()
Read the number of attached joypads, not including keyboard emulation of 
one.

joypad([index],dx,dy)

Reads the current joypad. The return value has bit 0 set if A is pressed, bit 1 
set if B is pressed. Values -1,0 or 1 are placed into dx,dy representing 
movement on the D-Pad. If there is no gamepad plugged in (at the time of 
writing it doesn't work) the key equivalents are WASDOP and the cursor 
keys. If [index] is provided it is a specific joypad (from 1,0 is the 
keyboard), otherwise it is a composite of all of them.

key(n) Return the state of the given key. The key is the USB HID key scan code.
left$(a$,n) Left most n characters of a$
len(a$) Return length of string in characters.
locale a$ Sets the locale to the 2 character country code a$ e.g. locale "de"
lower$(a$) Convert a string to lower case
max(a,b) Return the largest of a and b (numbers or strings)

mid$(a$,f[,s])
Characters from a$ starting at f (1 indexed), s characters, s is optional and 
defaults to the rest of the line.

min(a,b) Return the smaller of a and b (numbers or strings)

mos(command)
Like the mos command, but returns an non zero error code if the command 
caused an error.
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Operator Notes

mouse(x,y[,scroll])
Reads the mouse. The return value indicates button state (bit 0 left, bit 1 
right), and the mouse position and also the scrolling wheel position are 
updated into the given variables.

not [term] Returns the logical not of a term.

notes(c)
Return the number of notes outstanding on channel c including the one 
currently playing -- so will be zero when the channel goes silent.

page Return the address of the program base (e.g. the variable table)
peek(a) Read byte value at a
pin(n) Return value on UEXT pin n if input, output latch value if output.
point(x,y) Read the screen pixel at coordinates x,y. This is graphics data only.
right$(a$,n) Rightmost n characters of a$
spc(n) Returns a string of n spaces.
spoint(x,y) Reads the colour index on the sprite layer. 0 is transparency
str$(n) Convert n to a string

tab(n)
Advance to screen column n if not past it already: print tab(5) „Hello 
World“

true Return constant -1, improves boolean readability
time() Return time since power on in 100^th^ of a seconds.
uhasdata() Return true if there is data in the UART Receive buffer.
upper$(a$) Convert a string to upper case
val(s$) Convert string to number. Error if bad number.

vblanks()
Return the number of vblanks since power on. This is updated at the start of 
the vblank period.

BASIC Commands (General)

Command Notes

' {string}

Comment. This is a string for syntactic consistency. The tokeniser will 
process a line that doesn't have speech marks as this is not common, so you 
can type in ' hello world and it will be represented as ' "hello world" in 
code.

assert {expr}[,{msg}] Error generated if {expr} is zero, with optional message.
call {name}(p1,p2,p3) Call named procedure with optional parameters.

cat [{pattern}]
Show contents of current directory, can take an optional string which only 
displays filenames containing those characters, so cat "ac" only displays 
files with the sequence ac in them.

clear [{address}]

Clear out stack, strings, reset all variables. If an address is provided then 
memory above that will not be touched by BASIC. Note because this resets 
the stack, it cannot be done in a loop, subroutine or procedure -- they will 
be forgotten. Also clears the sprites and the sprite layer.

close [handle] Close a file by handle. If the handle is not provided, close all files.

cls
Clear the graphics screen to current background colour. This does not clear 
sprites.

cursor {x},{y} Set the text cursor position

data {const},....
DATA statement. For syntactic consistency, strings must be enclosed in 
quote marks e.g. data



81

Command Notes

defchr ch,....
Define UDG ch (192-255) as a 6x7 font -- should be followed by 7 values 
from 0-63 representing the

delete Delete a line or range of lines
dim {array}(n,[m]), $... Dimension a one or two dimension string or number array, up to 255
do ... exit ... loop General loop you can break out of at any point.
doke {addr},{data} Write word to address
edit Basic Screen Editor
end End Program
fkey Lists the defined function keys
fkey {key},{string} Define the behaviour of F1..F10 -- the characters in the string

for {var} = {start} 
to/downto

For loop. Note this is non standard,Limitations are : the index must be an 
integer. Step can only be 1 (to) or -1 (downto). Next does not specify an 
index and cannot be used to terminate loops using the 'wrong' index.

gload {filename} Load filename into graphics memory.
gosub {expr} Call subroutine at line number. For porting only. See goto.

goto {expr}
Transfer execution to line number. For porting only. Use in general coding 
is a capital offence. If I write RENUMBER it

if {expr} then ....
Standard BASIC if, executes command or line number. (IF .. GOTO doesn't 
work, use IF .. THEN nn)

if {expr}: .. else .. endif Extended multiline if, without THEN. The else clause is optional.
ink fgr[,bgr] Set the ink foreground and optionally background for the console.

input {stuff}
Input has an identical syntax and behaviour to Print except that variables 
are entered via the keyboard rather than printed.

input #{channel},{var},
{var}

Reads a sequence of variables from the open file.

input line #{channel}.
{var}.{var}

Reads text from an ASCII file. This is processed from the source, primarily 
due to Windows' usage of CR/LF. So this at current, by default, ignores all 
characters before space, except for LF (10) which marks the end of line, 
and TAB (9) which is converted into a space. All variables are strings

ireceive {d},{a},{s} Send or receive bytes starting at a, count s to or from device d.
itransmit {d},{a},{s}

isend {device},{data}
Send data to i2c {device} ; this is comma seperated data, numbers or 
strings. If a semicolon is used as a seperator e.g. 4137; then the constant is 
sent as a 16 bit value.

iwrite {dev},{reg},{b} Write byte to I2C Device Register
let {var} = {expr} Assignment statement. The LET is optional.
library Librarise / Unlibrarise code.
list [{from}][,][{to}] List program to display by line number or procedure name.
list {procedure}()
load "file"[,{address}] Load file to BASIC space or given address.
local {var},{var} Local variables, use after PROC, restored at ENDPROC variables can
mon Enter the machine code monitor
mos {command} Execute MOS command.
mouse cursor {n} Select mouse cursor {n} [0 is the default hand pointer]
mouse show hide



82

Command Notes
mouse TO {x},{y} Position mouse cursor
new Erase Program

next {variable}
Ends for loop. The variable parameter is optional. You cannot unwind 
nested FOR/NEXTs , next must operate in order.

old
Undoes a new. This can fail depending on what has been done since the 
'new'.

on error {code}
Install an error handler that is called when an error occurs. Effectively this 
is doing a GOTO that code, so recovery is dependent on what you actually

open input|output 
[channel],[file]

Open a file for input or output on the given channel, using the given file 
name. Output erases the current file. This gives an error if the file does not 
exist ; rather than trap this error it is recommended to use the exists() 
function if you think the file may not be present.

palette c,r,g,b
Set colour c to r,g,b values -- these are all 0-255 however it is actually 3:2:3 
colour, so they will be approximations.

palette clear Reset palette to default
pin {pin},{value} Set UEXT {pin} to given value.
pin {pin} INPUT output
poke {addr},{data} Write byte to address
print {stuff} Print strings and numbers, standard format - , is used for
print #{channel},
{expr},{expr}

Writes a sequence of expressions to the open file.

print line #{channel}.
{var}.{var}

Prints a line to an output channel as an ASCII file, in LF format (e.g. lines 
are seperated by character code 10). This can be mixed with the above 
format but the sequence has to be the same ; you ann't write a string using 
print line and read it back with input and vice versa. All variables must be 
strings.

proc {name([ref] 
p1,p2,...) .. endproc

Delimits procedures, optional parameters, must match call. Parameters can 
be defined as reference parameters and will return values. Parameters 
cannot be arrays.

read {var},...
Read variables from data statements. Types must match those in data 
statements.

renumber [{start}]
Renumber the program from start, or from 1000 by default. This 
does not handle GOTO and GOSUB. Use those, you are on your own.

repeat .. until {expr} Execute code until {expr} is true
restore Restore data pointer to program start
restore {line} Restore data pointer to line number
return Return from subroutine called with gosub.
run Run Program
run "{program}" Load & Run program.
save "file"[,{adr},{sz}] Save BASIC program or memory from {adr} length {sz}
sreceive {a},{s} Send or receive bytes starting at a, count s to SPI device
stransmit {a},{s}

ssend {data}
Send data to SPI device ; this is comma seperated data, numbers or strings. 
If a semicolon is used as a seperator e.g. 4137; then the constant is sent as a 
16 bit value.

stop Halt program with error
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Command Notes

sys {address}
Call 65C02 machine code at given address. Passes contents of variables 
A,X,Y in those registers.

tilemap addr,x,y
Define a tilemap. The tilemap data format is in the API. The tilemap is 
stored in memory at addr, and the offset into the

uconfig {baud}[,{prt}]
Set the baud rate and protocol for the UART. Currently only 8N1 is 
supported.

ureceive {d},{a},{s} Send or receive bytes to/from the UART starting at a, count s
utransmit {d},{a},{s}

usend {device},{data}
Send data to UART ; this is comma seperated data, numbers or strings. If a 
semicolon is used

wait {cs} Waits for {cs} hundredths of a second
while {expr} .. wend Repeat code while expression is true
who Display contributors list.



84

D) File Formats
There are some standard file extensions - .bsc for Basic source (e.g. text file) .bas for Basic 
tokenised, .neo for a runnable file, but these are not mandatory

NEO Load file format

There is an extended file format which allows the loading of multiple files and optional execution. 
This is as follows

Offset Contents Notes

0 $03 Not a valid 65C02 opcode, nor can it be the first byte of a program.
1 $4E ASCII 'N'
2 $45 ASCII 'E'
3 $4F ASCII 'O'
4,5 $00,$00 Minimum major/minor version required to work.
6,7 $FF,$FF Execute address. To autorun a BASIC program set to $806

8 Control
Control bits, currently only bit 7 is used, which indicates another block follows 
this one

9,10 Load
Load address (16 bits) $FFFF loads into graphic object memory, $FFFD loads to 
the BASIC workspace.

11,12 Size Size to load in bytes.
13... Comment ASCIIZ string which is a comment, filename, whatever
.... Data The data itself
The block then repeats from 'Control' as many times as required.

The Python application 'exec.zip' both constructs executable files, or displays them. This has the 
same execution format as the emulator, as listed below.

python exec.zip -d{file} dumps a file

python exec.zip {command list} -o{outputfile} builds a file

{file}@page Loads BASIC program

{file}@ffff Loads Graphics Object file

{file}@{hex address} Loads arbitrary file

run@{hex address} Sets the executable address

exec runs BASIC program

for example, you can build a frogger executable with:

python exec.zip {frogger.bas@page} {frogger.gfx@ffff} exec -ofrogger.neo

Loading a file can be done by calling the kernel function LoadExtended (which does the autorun for 
you) or using the normal messaging system.

If you handle it yourself bear in mind that on return, it is always possible that the code you write to 
call the execution routine may already have been overwritten by the loaded file.
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E) Graphics
Pixel Colours

Pixel Colour

0 Black/Transparent
1 Red
2 Green
3 Yellow
4 Blue
5 Magenta
6 Cyan
7 White
8 Black
9 Dark Grey
10 Dark Green
11 Orange
12 Dark Orange
13 Brown
14 Pink
15 Light Grey

Tile Maps

A tile map occupies an area of user memory in 65C02. It is comprised of three meta-data bytes, 
followed by one byte for each tile, which is it's tile number in the graphic file (refer to the following 
section).

F0-FF are special reserved tile numbers, F0 is a transparent tile; and F1-FF are a solid tile in the 
current palette colour. The format is very simple.

Tile Maps Format

Offset Data Notes

0 1 Graphics Data Format ID
1 Width Width of tile-map (number of tiles)
2 Height Height of tile-map (number of tiles)
3.. Raw Tiles graphics data (width * height bytes)

Graphic Data

The graphic data for a game is stored in what is named by default "graphics.gfx". This contains up 
to 256 graphics objects, in one of three types. One can have multiple graphics files.

Each has 15 colours (for sprites, one is allocated to transparency) which are the same as the 
standard palette.

16x16 tiles (0-127, $00-$7F)

These are 128 16x16 pixel solid tiles which can be horizontally flipped
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16x16 sprites (128-191, $80-$BF)

These are 64 16x16 sprites which can be horizontally and/or vertically flipped

32x32 sprites (192-255, $C0-$FF)

These are 64 32x32 sprites which can be horizontally and/or vertically flipped

These are created using two scripts, which are written in Python and require the installation of the 
Python Imaging Library, also known as PIL or Pillow.

Empty graphics files

The script "createblanks.zip" creates three files, tile_16.png, sprite_16.png and sprite_32.png which 
are used for the three types of graphic.

The sprite and tile files all look very similar. The palette is shown at the top (in later versions this 
will be configurable at this point), and some sample sprites are shown. Each box represents a 16x16 
sprite. 32X32 sprite looks the same except the boxes are twice the size and there are half as many 
per row.

Tiles are almost identical ; in this the background is black. The solid magenta (RGB 255,0,255) is 
used for transparency, this colour is not in the palette.

Running createblanks.zip creates these three empty files. To protect against accidents it will not 
overwrite currently existing files, so if you want to start again then you have to delete the current 
ones.

Compiling graphics files

There is a second script "makeimg.zip". This converts these three files into a file "graphics.gfx" 
which contains all the graphic data.

This can be loaded into graphics image memory using the gload command, and the address 65535 
e,g, gload "graphics.gfx" or the API equivalent

There is an example of this process in the repository under basic/images which is used to create 
graphic for the sprite demonstation program
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F) Memory Map
Note all this is actually RAM and functions as it, except for the command area ; writing non zero 
values into the Command byte may affect other locations in that 16 byte area or elsewhere (e.g. 
reading a file in).

This block is however moveable.

It is also possible that the top of free memory will move down from $FC00.

Addresses Contents

0000-FBFF Free memory. Not used for anything.

FC00-FEFF
Kernel Image. Contains system functions and WozMon, which it currently boots into. 
This is RAM like everything else.

FFF0-FF0F
Command, Error, Parameters, Information space. This can be moved to accommodate 
other systems.

FF10-FFF9 Vectors to Kernel routines, not actually mandatory either.
FFFA-FFFF 65C02 Vectors for NMI, IRQ and Reset. This one is mandatory.

Zero Page Usage

Neo6502 is a clean machine, rather like the Sharp machines in the 1980s. When BASIC is not 
running it has no effect on anything, nor does the firmware. It is not like a Commodore 64 (for 
example) where changing some zero page locations can cause crashes.

However, BASIC does make use of zero page. At the time of writing this is memory locations $10-
$41.

These can however be used in machine code programs called via SYS. Only 4 bytes of that usage is 
system critical (the line pointer and the stack pointer), those are saved on the stack by SYS, so even 
if you overwrite them it does not matter.

However, you can't use this range to store intermediate values between sys calls. It is advised that 
you work usage backwards from $FF (as BASIC is developed forwards from $10). It is very 
unlikely that these will meet in the middle.

$00 and $01 are used on BASIC boot (and maybe other languages later) but this should not affect 
anything.
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G) The Emulator
Using the Emulator

There are pre-built emulators for Linux (Ubuntu) and Windows in the zip files. The Linux build 
requires SDL2.

This has been tested and has held up so far. However, there may well be bugs.

So if you want to type code into the emulator, or the real machine, it's advisable that you save 
regularly and save to different file names (e.g. myprog.001 myprog.002 etc.) just in case something 
goes awry. If it does, please let me know or raise an issue on github.

Debugger

The emulator has a simple 65C02 debugger built in. This can be triggered from code using opcode 
$03, which causes a break to debugger. The keys are :

ESC Exit emulator

TAB Shows current display when in debug mode-

F1 Reset CPU

F5 Run

F6 Break into debugger manually

F7 Step

F8 Step over

F9 Set Breakpoint

0-9A-F Sets the current code address (with shift pressed sets the current data address)

These keys can be disabled using the command 'keys' in the command line ; in this case Ctrl + ESC 
is required to exit the program.

Loading files

This is handled under [[Cross Development]]

Local files

The emulator does not have an SD Card or USB Key , so it simulates this with a directory called 
'storage' which will be in the same directory as the one from where you run the emulator.

Files such as graphics files should be stored here.

Emulator Command Line options

The following are available as command line options when starting the emulator from the command 
line:

(filename)@(address) loads a file to a given address in hexadecimal (e.g. code.bin@2000). The 
address FFFF is used to load a file into the graphics memory space if required

(filename)@page loads a file at PAGE, which is the address where BASIC code is loaded (e.g. 
program.bas@page)

cold warm exec are used to run BASIC as Cold Start, Warm Start, or running the loaded program, 
and set the reset vector to $800, $803 and $806 respectively before the initial processor reset
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run@(address) sets the reset vector to an arbitrary address (so run@803 is the same as 'warm')

path:(path) sets the path where files are stored

keys disables the debugger keys

(filename).neo loads and runs a .neo file

scale=n sets the emulator display scale from 1-4

Building the Emulator

Releases

The release tarballs contain pre-built firmware, emulators for windows and *nixes, documentation, 
and examples/demos of BASIC, C, and assembly programs. * Release is here

Compilation

Dependencies

 'build-essential', 'base-devel', or equivalent (GCC for *nix binaries)

 'x86_64-w64-mingw32-g++' or equivalent (GCC for windows binaries)

 64tass (6502 assembler)

 SDL2 development library

 'python3'

 'pillow'
 'gitpython'
 'pyserial' (optional for uploading files via serial port, not needed to build)

All of the sources and dependencies are freely available. Most distros have the dependencies 
packaged.

 Arch-based distros:
NOTE: '64tass' is in the AUR (AUR Link).

 *nix emulator:  $ sudo pacman -S 64tass python-gitpython python-

pillow sdl2 zip

 Windows emulator:  $ sudo pacman -S 64tass mingw-w64-gcc python-

gitpython python-pillow sdl2 zip

 Debian-based distros:

 *nix emulator:  $ sudo apt install 64tass build-essential cmake 

libsdl2-dev python3 python3-pip zip

 Windows emulator:  $ sudo apt install 64tass build-essential cmake  

g++-mingw-w64-x86-64 libsdl2-dev mingw-w64 python3 python3-

pip zip

https://aur.archlinux.org/packages/64tass
https://github.com/paulscottrobson/neo6502-firmware/releases
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Build

Build the windows emulator:

$ make windows

Build the *nix emulator:

$ make linux

Build the mac emulator:

$ make macos
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H) Building the Firmware
Releases

The release tarballs contain pre-built firmware, emulators for windows and *nixes, documentation, 
and examples/demos of BASIC, C, and assembly programs. - Release archives

Compilation

Sources

Note that to build the firmware, additional third-party sources are required. If not supplied, these 
will be downloaded automatically at build-time. These are not needed to build the emulators 
however. The automatic downloads, and the 'git' dependency may be avoided by collecting these 
sources manually.

pico-sdk: Download

tinyusb: Download

PicoDVI: Download

pico-fatfs: Download

Then explode the tarballs and set the following variables in the environment:

$ export PICO_SDK_FETCH_FROM_GIT=OFF

$ export PICO_SDK_PATH=/path/to/picosdk_sources

$ export PICO_TINYUSB_PATH=/path/to/tinyusb_sources

$ export PICO_DVI_PATH=/path/to/picodvi_sources

$ export PICO_FATFS_PATH=/path/to/picofatfs_sources

Dependencies

'build-essential', 'base-devel', or equivalent (GCC for *nix binaries)

'x86_64-w64-mingw32-g++' or equivalent (GCC for windows binaries)

'gcc-arm-none-eabi' (GCC for ARM binaries)

'arm-none-eabi-newlib' (C stdlibs for bare-metal ARM target),

64tass (6502 assembler)

'cmake'

SDL2 development library

'python3'

'pillow'
'gitpython'
'pyserial' (optional for uploading files via serial port, not needed to build)

All of the sources and dependencies are freely available. Most distros have the dependencies 
packaged.

Arch-based distros:
NOTE: '64tass' is in the AUR (https://aur.archlinux.org/packages/64tass).

https://github.com/carlk3/no-OS-FatFS-SD-SPI-RPi-Pico/releases
https://github.com/Wren6991/PicoDVI/archive/master.tar.gz
https://github.com/hathach/tinyusb/releases
https://github.com/raspberrypi/pico-sdk/releases
https://github.com/paulscottrobson/neo6502-firmware/releases
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Firmware only:  $ sudo pacman -S arm-none-eabi-gcc arm-none-eabi-newlib 

cmake

*nix emulator only:  $ sudo pacman -S 64tass python-gitpython python-pillow 

sdl2 zip

Windows emulator only:  $ sudo pacman -S 64tass mingw-w64-gcc python-

gitpython python-pillow sdl2 zip

Everything (firmware, all emulators, documentation, examples, demos, etc):  $ sudo 

pacman -S 64tass arm-none-eabi-gcc arm-none-eabi-newlib cmake git mingw-

w64-gcc python-gitpython python-pillow sdl2 zip

Debian-based distros:

Firmware only:  $ sudo apt install build-essential cmake gcc-arm-none-eabi 

libnewlib-arm-none-eabi libstdc++-arm-none-eabi-newlib

*nix emulator only:  $ sudo apt install 64tass build-essential cmake libsdl2-

dev python3 python3-pip zip

Windows emulator only:  $ sudo apt install 64tass build-essential cmake g++-

mingw-w64-x86-64 libsdl2-dev mingw-w64 python3 python3-pip zip

Everything (firmware, all emulators, documentation, examples, demos, etc):  $ sudo apt 

install 64tass build-essential cmake g++-mingw-w64-x86-64 gcc-arm-none-

eabi git libnewlib-arm-none-eabi libsdl2-dev libstdc++-arm-none-eabi-

newlib mingw-w64 python3 python3-pip zip

Build

Build the firmware only:

$ make firmware

Build the windows emulator only:

$ make windows

Build the *nix emulator only:

$ make linux

Build the mac emulator only:

$ make macos

Build everything (firmware, all emulators, examples, demos, etc):

$ make
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I) Neo System Editor
This document describes the Neo System Editor specification8. This is a generalised editor which 
can be used for editing pretty much anything which is line orientated. Added functionality is more 
or less automatically added to any editor version.

The editor is written in ‘C’ and is part of the system API.

Concept

The idea behind the Neo System Editor is partly derived from two sources. 

The first is the old and often forgotten Sphere 6800 system. This has very little memory as RAM in 
the late 70s was expensive. It has an editor which uses the screen memory as storage for text and 
updates the top and bottom accordingly, keeping much of the document in screen memory. We don’t 
go quite that far.

The second is the text editor Nano, which is part of most Linux systems. This editor is slightly 
unusual in that it is a one line of screen per line of text editor. This means when horizontal scrolling 
is required in a line (because it may not fit) the individual line scrolls in situ, but the other lines stay 
where they are. It is slightly odd to get used to, but has the advantage that you don’t have to think 
about what line is where on the display

Basic Operation

The editor functions through “callbacks”. Now the Neo doesn’t actually do callbacks, it cannot 
affect the behaviour of the 65C02 directly, so what it will do instead is return and reenter having 
carried out specific functionality, and operate as a finite state machine.

State

At any one time only one line is actually active. This is the line where the edit cursor is on the 
screen. The text in this line is stored in a buffer and it is actively edited on screen with insert/delete 
characters, horizontal cursor movement and similar.

Whenever the line is changed – by moving up or down, or return being pressed (effectively start of 
line, then down), the line is written back to the source if it has been changed – if it hasn’t no action 
is necessary.

In most cases, one will simply go up or down a line and make that line active. There will be limits 
to the start and end of the document being edited. If the cursor goes off the top or bottom of the edit 
area (the edit space will normally be the whole screen but doesn’t have to be) then the whole screen 
is scrolled up or down (this functionality is already present) and the new line on the top or bottom 
becomes active.

Different Sources

By having the ‘make line active’ and ‘save updates’ as 65C02 callbacks this allows the editor to 
operate for specific sources. So when used as a BASIC editor make line active will detokenise the 
line (as is done for LIST) and when saved will retokenise it and overwrite it. A classic text editor 

8Even though this text could be out of date, it might offer some insights nontheless.
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would just insert and delete lines from a text buffer. It could be repurposed to edit memory in 
hexadecimal for example. 

As the line numbers now become an irrelevance they would not be displayed.

Insertion and Deletion

These would function slightly differently. Normally in text editors Enter in midline splits the current 
line, and backspace at the start would join / delete lines. In this system there are commands to insert 
blank line here, and delete current line.

Status Line

The bottom line will be a status line which can be used for displaying relevant information.

Running and Errors.

On the Neo6502 the most likely way of running BASIC code would be using the function keys, 
which insert keys into the keyboard buffer ; so Ctrl+D R U N Ctrl+N could be assigned to a key to 
run a program ; Ctrl+D exits the editor, the program is run. Another key could be assigned to open 
the editor, thus reducing typing and making the system seem more interactive.

Editor line text could be displayed in the status line. The normal state of the line numbers would be 
that they are numbered 1,2,3 sequentially, so the ‘syntax error at line 100’ still makes sense. 

Copy and Paste, and other enhancements

A simple copy and paste mechanism could be not unlike Nanos, in that a deleted line can be 
reinserted somewhere else. 

This sort of functionality and other possible functionality like search and similar, could be 
implemented in the core of the editor at a later date, and would become available.

Downsides

The behaviour is non standard for editors. I don’t think this is a huge issue.

The syntax colouring may be lost. It may be doable, using the list system, or it may have its own 
variant which is similar but different, e.g. all identifiers may be displayed in the same colour 
whether they are keywords or program identifiers. I’m not sure I want to clutter the open/close 
current line call back with colour information.

Starting may be slightly slow as it has to detokenise one line for each displayed line of the program 
when first starting, but experimenting with LIST (which does the same thing) shows this won’t be 
really noticeable, I think.
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Interface

The editor has the same problem the autorun system has, viz. The firmware cannot affect the 65C02 
program counter. It thus operates as a FSM, returning from the call. This requires the system to be 
called as follows continually looping round, calling a vector routine provided by the developer at 
$FF05 with a code at $FF04, data at $FF08 onwards

Loop: jsr CallEditorFSM

lda  $FF04

beq Exit

jsr $FF05

bra Loop

Exit: rts

The functions are as follows

ID Functionality

0 exit the FSM, or on entry, initialise the editor FSM.

1 Get count of line numbers.

2 convert given line # to text in buffer

3 Store text in buffer at given line #

4 Insert line at given line #

5 Delete line at given line #

6 Get status bar text if any.
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J) Benchmarks

The respective benchmark tests can be found in the examples/basic folder.
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K) Notable Hardware Revision changes
revision B19

1. Added diode 1N5819/S4 on FUSE1 pads to enable 5V on HDMI (diode is used to prevent 
HDMI powering the board). You can try this adjustmest if you have older revision (with 
nothing placed over FUSE1) and problems with monitor, remember diode has direction and 
cathode has to be towards the HDMI connector.

revision B

1. Changed values P-B-V-40-LF and P-B-V-10-LF;

2. R7 set to 47R/R1206;

3. Added SWITCH1 for the speaker and signals go to the UEXT in case somebody needs 
them;

4. Added Neo6502 logo;

5. R1 changed NA to 10K;

6. Added attributions names and e-mail at the bottom;

7. C15 and C16 now 18pF;

8. A lot of small adjustmets to reduce soldering problems and yield.

revision A10

Initial release.

9Latest revision as of July 2025
10Also known as developers version
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Links

Support
Discord https://discord.gg/tTtarCcrzf

Facebook https://www.facebook.com/groups/745798620676673

Known Issues https://github.com/paulscottrobson/neo6502-firmware/issues

Official Website https://neo6502.com/

Product-Website https://www.olimex.com/Products/Retro-Computers/Neo6502/

Product FTP https://ftp.olimex.com/Neo6502/

Initial blog post, outlining the idea of a „modern 6502 retro computer“
https://olimex.wordpress.com/2023/04/21/neo6502-open-source-hardware-modern-retro-

computer-project/

Olimex Blog https://olimex.wordpress.com/tag/6502/

Makerhacks-Blog https://www.makerhacks.com/tag/neo6502/

Order codes and accessories:

Neo6502 Industrial-grade modern retro computer

Box-Neo6502-B Plastic box with blue logo

Box-Neo6502-R Plastic box with red logo

USB-CABLE-AM-AM-1-8M USB-A to A cable 

CABLE-USB-A-C-1M USB-C cable for power supply

CABLE-HDMI-50CM HDMI cable

USB-FLASH-8GB USB flash drive 

UEXT modules UEXT expansion modules 

https://www.olimex.com/Products/Modules/
https://www.olimex.com/Products/Components/Storage/USB-FLASH-8GB-THN-U202W0080E4/
https://www.olimex.com/Products/Components/Cables/CABLE-HDMI-50CM/
https://www.olimex.com/Products/Components/Cables/CABLE-USB-A-C-1M/
https://www.olimex.com/Products/Components/Cables/USB-CABLE-AM-AM-1-8M/
https://www.olimex.com/Products/Retro-Computers/BOX-Neo6502-R/open-source-hardware
https://www.olimex.com/Products/Retro-Computers/BOX-Neo6502-B/open-source-hardware
https://www.olimex.com/Products/Retro-Computers/Neo6502/open-source-hardware
https://www.makerhacks.com/tag/neo6502/
https://olimex.wordpress.com/tag/6502/
https://olimex.wordpress.com/2023/04/21/neo6502-open-source-hardware-modern-retro-computer-project/
https://olimex.wordpress.com/2023/04/21/neo6502-open-source-hardware-modern-retro-computer-project/
https://ftp.olimex.com/Neo6502/
https://www.olimex.com/Products/Retro-Computers/Neo6502/
https://neo6502.com/
https://github.com/paulscottrobson/neo6502-firmware/issues
https://www.facebook.com/groups/745798620676673
https://discord.gg/tTtarCcrzf
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GitHub

https://github.com/search?q=neo6502&type=repositories

Olimex https://github.com/OLIMEX/Neo6502

Paul Robson (Morpheus Firmware) https://github.com/paulscottrobson

Rien Matthijsse (Pico 6502 Memulator) https://github.com/marobi

Veselin Sladkov (Reload Emulator) https://github.com/vsladkov

HARDWARE schematics: https://github.com/OLIMEX/Neo6502/tree/main/HARDWARE

3d printing box: https://www.printables.com/model/614835-olimex-neo-6502-mmu-box

Firmware 
(recommended selection)

Morpheus

https://github.com/paulscottrobson/neo6502-firmware/releases/

Pico_6502_v4_ehbasic (keyboard via console connection)

https://github.com/marobi/Pico_6502_v4_ehbasic/releases/download/neo6502_p3/
Pico_6502_v4p3_ehbasic.uf2

Further information: https://github.com/marobi/Pico_6502_v4_ehbasic

Apple 2e (put TotalReplay-File on USB key)

https://ftp.olimex.com/Neo6502/apple2e-5.uf2

https://ftp.olimex.com/Neo6502/Total%20Replay%20v5.1.hdv

Apple 2:

https://ftp.olimex.com/Neo6502/old-uf2/apple2_800x600_400MHz.uf2

Oric Atmos

https://ftp.olimex.com/Neo6502/old-uf2/oric_960x540_372MHz.uf2

Further information on the last three:

https://github.com/vsladkov/reload-emulator

https://github.com/vsladkov/reload-emulator
https://ftp.olimex.com/Neo6502/old-uf2/oric_960x540_372MHz.uf2
https://ftp.olimex.com/Neo6502/old-uf2/apple2_800x600_400MHz.uf2
https://ftp.olimex.com/Neo6502/Total%20Replay%20v5.1.hdv
https://ftp.olimex.com/Neo6502/apple2e-5.uf2
https://github.com/marobi/Pico_6502_v4_ehbasic
https://github.com/marobi/Pico_6502_v4_ehbasic/releases/download/neo6502_p3/Pico_6502_v4p3_ehbasic.uf2
https://github.com/marobi/Pico_6502_v4_ehbasic/releases/download/neo6502_p3/Pico_6502_v4p3_ehbasic.uf2
https://github.com/paulscottrobson/neo6502-firmware/releases/
https://www.printables.com/model/614835-olimex-neo-6502-mmu-box
https://github.com/OLIMEX/Neo6502/tree/main/HARDWARE
https://github.com/vsladkov
https://github.com/marobi
https://github.com/paulscottrobson
https://github.com/OLIMEX/Neo6502
https://github.com/search?q=neo6502&type=repositories
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Errata

 Older screenshots11 featured a ][ command, which used to enter an Apple 2 environment. 
This command is now defunct and yields a „not implemented“ error message.



11https://olimex.wordpress.com/2023/07/18/neo6502-firmware-update-neo6502-prototypes-are-on-the-web-for-  
developers/

NB: The BASIC example shown in the YouTube link in the above blog post is based on MS BASIC and Rien 
Matthijsse Pico memulator firmware, and as such won’t work with neoBASIC and Morpheus.

https://olimex.wordpress.com/2023/07/18/neo6502-firmware-update-neo6502-prototypes-are-on-the-web-for-developers/
https://olimex.wordpress.com/2023/07/18/neo6502-firmware-update-neo6502-prototypes-are-on-the-web-for-developers/
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