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When | decided to get into FPGA progranm ng and vintage conputers, | had no idea where it
woul d | ead.

| thought | would sinply create a Z80OEMJUF, a single-board conputer with a Z80, some RAM
ROM and I/0QO

Wien | realized how straightforward that was, | wanted to continue. Since the Nascon? is
one of my favorite conputers, | carried on with that - and | still enjoy the result every
time | use it. | amalso not running out of ideas for extensions yet.

1. CHANGELOG

- 2026-04-26 - local V0.23 / Mega65-Filehost V1.0 - initial public version

- 2026-06-09 - V1.1 - pictures and nanual

- 2026-06-23 - V1.2 - PMOD RS232- Support, VGA-CQutput and Scanlines

- 2026-07-15 - V1.3 - PowerLED in orange, |2C RTC Support from Mega65R6

- 2026-07-22 - V1.4 - 780 Hardware Mnitor via F5

- 2026-07-30 - V1.5 - SingleStep and Exec for Debug Mdde, VideoZoom FDD Support

- 2026-08-08 - V1.6 - CP/M 2.2 und AVC G aphic Card, changed native screen resolution
800x600@0Hz, new software

- 2026-08-18 - V1.7 - R3-Conpatibility is now fixed and tested, added an |P-Stack for
Et hernet, RENAME and DELETE is possible in SD Browser

- 2026-08-19 - V1.74 / Filehost V1.8 - fixed anber/green phosphor colours in the AVC
96-col utm termi nal and nonochronme doubl e-density node;

the SD browser now identifies .DSK images as [CP/M or [NASSYS]

- 2026-09-03 - V1.9 - added an AY-3-8910-conpati bl e three-channel sound generator with 48
kHz 16-bit PCM output over HDM and 3.5 nmmj ack

(AK4432VT DAC on R6, one-bit audio on R3/R3A), HDM and VGA-path fixed, Joystick- Support
(PIO from AY-3-8910), now there is a

website to to this project: <https://nasconR. de>

Runs on the MEGA65, tested on R3A (thanks to Jerrec) and R6, and also built for R5.
Feedback on whether it runs correctly is wel cone!

2. VWHAT THE NASCOW? EMULATOR CAN CURRENTLY DO

- T80s enul ati on

- By default, the Nascom Menory is configured |like my own machine. See Menory Map.
- It is partially configurable:
- BASIC and NAS-SYS3 are enabled in the nornal menory map

- The ROM area from $B000 to $DFFF ($CFFF, if FDD is active) can be switched between RAM
and ROM

- BLS PASCAL V1.3 on configuration page 2 nmaps the 12 Ki B Pascal ROM at
$A000- $CFFF. BASI C and the ot her expansi on ROVs are hidden while this
node is active; $E000- $FFFF becomes witabl e RAM

- Hel pful overlay screens are avail able via function keys:

- F1 - MEGA65 to NasconR keyboard mappi ng

- F3 - Overview of NAS-SYS3 conmands

- F5 - Hardware nobnitor (CPU state, RAM editor, single step, and execute)
- F7 - CP/M FDD Di agnostics

- F9 - Save file

- F11 - File browser for loading files

- F13 - Configuration and reset
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- The CPU is paused while an overlay is displayed

- SD card support

- Files in .NAS, .CAS, and headerless 640 KB .DSK format can be read;

mount ed . DSK i mages can al so be updated by NAS-DCS

- Enable FDD / NAS-DOS on the second configuration page to map NAS-DOS at
$D000- $DFFF and the Lucas/WD1793-conpati ble controller at ports $EO- $E5

- CP/ M MODUS appears directly belowit. Enabling it forces FDD on, forces

all four configurable ROM sockets to RAM and keeps $D000- $DFFF writabl e

i nstead of mappi ng NAS-DOS there. The previ ous ROM RAM socket selection is
retai ned and restored when CP/M node is disabled again.

- CP/ M node boots the existing CP/M 2.2 BOOT rev 2.1 2 KiB EPROM At reset

it is visible at $F000-$F7FF and mirrored at $0000- $07FF for the reset
vector. The generated FPGA i mage changes its bank-port operand fromthe
historical $B2 to private port $BF, because $B2 bel ongs to the AVC.

QUT ($BF), $80 swi tches $0000- $0BFF to shadow RAM whil e the boot overl ay
retains rel ocated video RAM at $F800- $FBFF. Bit 6 at port $BF is

reserved for the new second-stage | oader: $C0 exposes the hi gh RAM shadow

at $F000- $FFFF.

- AVC appears bel ow CP/ M MODUS. It enables or conpletely disconnects the
Lucas Logic AVC enul ation. Wien di sabled, ports $B0-$B2 and its

$8000- $BFFF pl ane wi ndow are inactive and normal NASCOM vi deo is sel ected.

- In the file browser, ENTER toggles a selected .DSK for |ogical disks 0/1
and SH FT+ENTER toggles it for disks 2/3. Munts are shown beside each i mage.
.DSK files are hidden while FDD / NAS-DOS i s disabl ed; enabling CP/ M

al so enabl es FDD and nmakes them visibl e again.

- Press Rto renane the selected file's 1-8 character base nanme. The existing
three-character extension is retained; press ENTER, then Y to confirm

- Press Delete, then Y, to delete the selected file. Deletion also rel eases
the conplete FAT cluster chain in both FAT copies. N or Esc cancels either
confirmation.

- Renane/del ete deliberately supports plain FAT 8.3 entries only. Files with a
long-filenane entry, read-only files, and currently nounted .DSK i nages are
protected. Unmbunt a DSK before changing or deleting it.

- DSK sector access is read/wite. Inmages use 80 tracks, two sides,

16 sectors per track, and 256 bytes per sector. W1793 WRI TE TRACK

is supported for NAS-DOCS formatting.

- Formatting is non-destructive: on the first WRITE TRACK, the nounted

NAME. DSK i s renaned to NAME. BAK, a fresh 640 KB NAME. DSK i s all ocat ed,

and subsequent track data is witten only to the new image. |f NAME BAK

al ready exists, formatting stops with a wite fault instead of overwiting it.

- Al files are read fromand witten to a /NASCOM directory on the SD card. Various
cards have been tested, up to 128 GB.

- Files are saved in .NAS format. Menory ranges and the filenane can be entered.

- If BASIC has been initialized, the system checks whether a BASIC programexists. If it
is to be saved, the addresses are read automatically.
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- The notherboard LEDs (TAPE and HALT) are shown at the edge of the screen

- The single-step NM path is supported in software. Shift+CLR/ Home operates
the manual NM button; Crl+CLR/ Hone is supported as an alternative. Plain
CLR/ Hone is deliberately harnless so an

accidental press cannot destroy a BASIC program Under CP/Mthe chord
perforns a safe warm boot back to the conmand pronpt.

- A systemreset can be triggered fromthe configuration screen, as well as with the
reset button on the device

- The CPU speed can be switched between 1, 2, and 4 M&

- The screen colors can be switched between anber and green, now with scanline-support.
The sel ect ed phosphor colour is also used by the AVC 96-col um CP/Mterm nal and
nmonochr ome doubl e-density graphics.

- Settings are saved on the SD card
- UART RX/ TX are supported via Mega65 USB JTAG Adapter (115200 8N1)

- Wth an PMODRS232- Adapter a real UART RS232- Connection with RTS/ CTS-Support is
possi bl e. Baud and RTS/ CTS are switchabl e.

- Power-LED in nice orange and Drive-LED is active if WD1793-FDD i s worki ng

- I2C real-time clock support on R3/R3A and R6. The core automatically prefers
a valid external DS3231 on the G ove connector and otherw se uses the

onboard RTC.

- AY-3-8910-conpati bl e three-channel sound, noise, and envel ope generation

over HDM audi o and the MEGA65 3.5 mm audi o jack (AK4432VT DAC on R6; one-bit output on
R3/ R3A)

- Both physical MEGA65 joystick ports are available through the AY-3-8910
parallel 1/O ports. Digital directions and the fire button are supported on
R3/ R3A and R6; anal ogue paddl es are not currently inplenented.

- Ethernet support on MEGA65 R3/R3A and R6 provides static |Pv4,

ARP, | CWP ping, DNS, and outbound TCP connecti ons.

3. F5 HARDWARE MONI TOR

F5 opens a hardware-|evel nonitor and pauses the enulated CPU. The nonitor
shows AF, BC, DE, HL, their alternate register set, IX 1Y, SP, PC, I, R the
current instruction register, interrupt node/l FF state, nmachine cycle, T-state,
and all flags.

The |l ower half of the screen is a 64-byte nenory viewer and RAM editor:

- Use the cursor keys to select a RAM byte; hexadeci mal keys edit its val ue.
- Press cursor up in the first RAMrow to enter an address directly.

- During direct address entry, type four hexadecinal digits (for exanple
A000) and press Enter. Cursor Left/Right selects a digit; Escape or Cursor
Down cancels the entry.

- - | + nove backward or forward by 64 bytes. Page Up / Page Down work as

al i ases when an external PC keyboard provi des them

- Hone opens the nenory page contai ning PC

- ROM and optional ROMslot contents can be inspected but are read-only. RAM

bytes can be overwitten by entering two hexadecimal digits (0-9 or
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A-F); the cursor then advances automatically.

- SPACE executes one Z80 instruction and returns to the paused nonitor.

- ENTER | oads the sel ected RAM address into the program counter and keeps
the CPU paused in the hardware nonitor. Continue fromthat address one
instruction at a tinme with SPACE. This is the hardware-nonitor equival ent
of selecting a start address with the NAS-SYS E conmand and does not
require NAS-SYS to be active.

- Since F5 pauses the CPU imediately, the first single step may finish an
instruction that was already in progress. Every follow ng step executes
exactly one conplete instruction.

- F5 closes the nonitor and resunes the CPU.

4. F7 CP/M FEDD DI AGNOSTI CS
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The CP/ M FDD Di agnostics overlay is actually a by-product of the CP/M devel opment worKk.
However, since it shows a lot of interesting information, | will leave it in the core for

now.

5. RESOLUTI ON

- Screen: 48 x 16 characters

- Font: 8 x 16 pixels

- Total: 384 x 256 pixels

Video output is via HDM and VGA at 800 x 600 @60 Hz.

Pi xel scaling was deliberately avoi ded, since in 1980 people also worked with 9- to

12-inch monitors. On a 24- or 27-inch TFT, this gives a good approxi mation of the size of

the screens used at the tine.

The configuration menu offers ORI G NAL, ZOOM 150% and ZOOM 200% whi | e

keeping the 800 x 600 @60 Hz output timng and the conplete |ogical 384 x 256

Nascom screen. The three displayed sizes are 384 x 256, 576 x 384, and
768 x 512 pixels. At 200%only 16 horizontal and 44 vertical border pixels

remain on each side. ORIA NAL remnins the default.

6. MEMORY NAP

Nascon? base configuration:

| Address Range | Type | Size | Description |

| $0000-$07FF | ROM| 2 KB | NAS-SYS3 Monitor |

| $0800-$0BFF | RAM| 1 KB | Video Display Menory |
| $0C00- $OFFF
| $1000- $AFFF
| $BO00- $B7FF

RAM | 1 KB | Wrkspace used by various standard prograns |
RAM | 40 KB | RAM |
ROM| 2 KB | Toolkit ROM (or RAM |

| $B800-$BFFF | ROM| 2 KB | NASPEN ROM (or RAM |

| $C000-$C3FF | ROM | 1 KB | SUPERDEBUG ROM (or RAM) |

| $C400-$CFFF | ROM| 3 KB | NAS-DI'S ROM (or RAM |

| $D000-$DFFF | ROM | 4 KB | ZEAP Assenbler V2.1 ROM/ NAS-DOS (or RAM |



NASCOM 2 MEGAG65 CORE DOCUMENTATI ON

N2/ M65 Page 9
I ssue 1

| $E000-$FFFF | ROM| 8 KB | BASI C ROM |

7. FIRST STEPS

- start the NasconR core on your MEGAG5
- type T1000 and ENTER, you see the nenory at address $1000 - $1007
- now type MLOOO and ENTER, then type 23 ENTER, 42 ENTER, FF ENTER . ENTER

- now type T1000 again and you see the 1000 23 42 FF ... you changed your nenory.
Congr at ul ati on!

- now press F11 and with Cursor down go to GALAXI AN. NAS and press ENTER

- after a fewtine in the bottomline you can find the start address (here it is A1000)
- press F11 to go back to the NAS-SYS3-screen and type E1000 and ENTER

- play a round GALAXY ATTACK and have fun!

- if you breaked the highscore, press F13 and ENTER (or press the MEGA65 reset button)
- type J and ENTER, you will be asked for 'Menory size?', press ENTER again

- now you are in the built-in Mcrosoft-Basic

- You can leave if you type MONI TOR and ENTER or you can wite a funny programin M
BASI C

8. FIRST STEPS WTH FDD

The standard Nascom did not have a floppy drive, but later there were sol utions using
expansi on cards. Lucas' solution used a WD1793 together with an additional EPROM
NAS- DCS.

This card is now supported as well. However, w thout an explanation, it is difficult to
use.

USACGE: FDD support nust be enabled via F11 by pressing it twice to reach the second
configuration page. This automatically disables the ZEAP ROM RAM at $D000.

After that, .DSK files can be mounted fromthe file browser via F11. Press Enter to |oad
the image into drive 1, sides 0/1. Press Shift+Enter to load it into drive 2, sides 2/3.

The browser reads the first sector of every .DSK image while scanning the
directory. Images with the NASCOM CP/ M NCB boot signature are marked
[CPIM; all other supported disk images are narked [ NASSYS].

Before anything can be done, the ROM nust first be activated in NAS-SYS3 by entering E
D000 and pressing Enter.

Afterwards, the directory of drive 1, side 1 can be displayed with ]D (it is simlar to
1D0) followed by Enter. Wth ]D1, the second side of the first drive is shown. Sinilarly,
]D2 and ] D3 are used for the second drive.

Al floppy disk commands start with ].
For exanmple, a file can be | oaded and executed directly with ]E NAVE: foll owed by Enter.

8-1 List of all FDD conmmands
(d) =Di sk- Nunber (0-3, 0 is default); all Options in () are optional;

1B(d)(:filenane:) - Save Basic program

]C(d) - Cean Directory (Renpve deleted entries)
1D(d) - Display the Directory

JE(d):filenanme: - Execute a program

] F(d): di sknanme: - Format disk

JL(d):filename: - Load programifile, but do not execute
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]O(d):filenanme: 1111 hhhh eeee - Save object code program ||| =startaddress; hhhh-1=end;

eeee=address of execution
1P(d)(:filenane:) - Save NAS-PEN word processor file

JRIITT nnnn tt ss d - Read directly fromdi sk nnnn sectors in Menory Location IIll from
track tt, sector ss fromdrive d

1S(d):filename: - Scratch (delete) a file
JU(d) - Load user boot
1V(d):filename: - Verify that a file can be re-read

JWIIl hhhh tt ss d - Wite directly to disk. Menory fromlIlll to hhhh will be witten to
track tt, sector ss on drive d. Be aware that there are no checks to determ ne whether it

is enpty!
1Z(d)(:filenane:) - Save ZEAP source file

9. FIRST STEPS W TH AY SOUND

You need the AY-enabl ed bitstream and either an HDM display or receiver capable

of playing HDM audio, or an active speaker/anplifier connected to the MEGA65
3.5 nmaudio jack. Audio is sent to both left and right channels. There is no
audi o on the VGA out put.
Start the built-in Mcrosoft BASIC from NAS-SYS by typing J and pressing
ENTER. Press ENTER again at the Menory size? pronpt. Then enter this first
test program exactly as shown:

10 REM AY CHANNEL A - ABOUT 1 KHZ

20 QUT 8,0:QUJT 9, 125

30 QUT 8,1: QUT 9,0

40 OUT 8,7:OUT 9, 62

50 QUT 8,8:0UT 9, 15
Type RUN and press ENTER You should hear a steady tone of approximately
1 kHz. The sound continues after the program ends because the AY registers
retain their values. Stop it with this direct BASIC conmand:

QuT 8,8:QUT 9,0
If there is no sound, first check that the HDM receiver or the device connected
to the 3.5 mmjack is not nuted and that the AY-enabl ed bitstreamis running.
For headphones, the MEGA65 headphone anplifier may al so need to be enabl ed.
The BASI C nunbers above are decimal: port 8 selects an AY register and port 9

wites its val ue.

9-1 Trving all three tone channels

The fol |l owi ng program produces approximately 1 kHz on channel A, 500 Hz on
channel B, and 250 Hz on channel C. The different volume |evels make the three
channel s easier to distinguish:

10 FOR R=0 TO 15: QUT 8, R QUT 9, 0: NEXT R

20 DATA 0,125,1,0, 2, 250,3,0,4,244,5,1
30 DATA 7,56, 8, 15,9, 12,10, 10
40 FOR I =1 TO 10: READ R, V: QUT 8, R QUT 9, V: NEXT |

Stop all three channels with:



NASCOM 2 MEGAG65 CORE DOCUMENTATI ON

N2/ M65 Page 11
I ssue 1

FOR R=8 TO 10: QUT 8, R QUT 9, 0: NEXT R

9-2 Trving the noi se generator

Thi s enabl es noi se on channel A Change the final value 8 in line 20 within
the range 1-31 to alter the noise pitch:
10 FOR R=8 TO 10: QUT 8, R QUT 9, 0: NEXT R

20 QUT 8,6:QUT 9,8
30 QUT 8,7:QUT 9,55
40 QUT 8,8:QUT 9,15

9-3 Trving the envel ope generator

This returns channel A to a tone and applies a repeating triangular vol une
envel ope. Witing register 13 restarts the envel ope:
10 OUT 8,0: QUT 9,125:QUT 8,1: QUT 9,0

20 QUT 8,7:QUT 9,62
30 QUT 8,11: QJT 9,64: QUT 8,12: QUT 9,0
40 QUT 8,8:QUT 9, 16
50 QUT 8,13:QUT 9, 14

The conplete regi ster map, frequency fornula, and an assenbl er exanple are in

AY- 3-8910 Progranmmabl e Sound Generator (#ay- 3-8910- progranmabl e- sound- generator).

10. FIRST STEPS WTH THE JOYSTI CKS

The two physical MEGAG65 joystick sockets are connected to the parallel 1/0
ports of the enul ated AY-3-8910. Port A is available in AY register 14 and port
B in register 15. Both sockets support Up, Down, Left, Right, and Fire. The
signals are active low a pressed direction or button clears its corresponding
bit.
To test the sockets, copy JOYTEST.NAS fromthe supplied NASCOM SD-card
directory into /NASCOW on the MEGA65 SD card. Open the file browser with
F11, load JOYTEST.NAS, return to NAS-SYS, and start it with:

E 1000

The live display has this form

U D L, R and F replace the dots while the corresponding control is
pressed. For exanple, Up on port A produces A:FE and A[U....]; Fire produces
A EF and Al....F]. Port Bis shown independently in the second val ue and
bracket. Press any keyboard key to | eave the test.

R3/ R3A and R6 use the sane ten direct active-low FPGA inputs. On R6 the core
al so enabl es the shared cartridge/joystick interface and keeps all joystick
drain outputs inactive. Standard Atari-style digital joysticks are supported;
the four anal ogue paddle inputs are not currently exposed to Nascom software.
The conplete AY register and bit assignment is docunented under

AY-3-8910 Progranmabl e Sound Generator (#ay- 3-8910- progranmabl e- sound- generator).

11. CPIM2.2
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Even though the Nascon? was a great and affordabl e nachine for hobby users in the early
1980s, there was always an interest in |ooking beyond its original limts. It did not
take |l ong before people started devel opi ng solutions to get CP/Mrunning on the Nascom

O course, this required adapted RAM ROM nanagenment, a new ROM and a few other snall
tricks, but sone people were not afraid of the effort.

And neither was |. Al though | could not find an original CP/Mdisk, | was able to create
a wor ki ng di sk usi ng ROM di agnosti cs.

USAGE: In the F13 configuration screen, CP/Mcan now be enabl ed bel ow the FDC opti on.
This automatical ly enables FDC and all RAM

After pressing Reset, you should hopefully arrive at the CP/ M boot screen. Now you only
need to mount a CP/M 2.2 disk inage, CPM22.DSK, on 0/1 and press Reset again. After a
short boot tinme, you should end up in CP/M

A first test is to enter DIR followed by Enter at the A> pronpt, or alternatively STAT
followed by Enter.

11-1 Commands & Tools on Di sk CPMP2. DSK
- Built-In Commands:
- DIR - Produces a list of files matching the <filespec> if no filespec is entered,

the result is the sane as ., i.e., all files on the currently |ogged di sk. The conmand
accepts simlar wldcards as DCS.

- ERA - Deletes the file(s) specified by <filespec> WIdcards are allowed.
- REN - REN <new> = <ol d> Renanes the <ol d> filespec to the <new>. W/l dcards are all owed.

- SAVE - Saves a copy of menory to file. <pages> is the nunber of 256 byte pages starting
at address 100(h) to save and <file> is the filenane to save the data to.

- TYPE - Copies the naned text file to the console (screen)

- USER - The system has "user areas" nunbered fromO to 15. On start-up, the User area is
set to "0". The DI R conmand displays files in the current user area and only

prograns in the current user area can be executed. The USER command is used to sel ect
anot her User area.

- COMFiles on Disk:

- FORMAT - Format a Disk in Drive AL or B:

- SYSGEN - Copy Bootfiles fromA: to B:

- DI SKCOPY - Copy a Disk fromA: to B:

- TIME - Shows Date and Tinme from RTC

- AVCTEST - Displays a quick eight-colour AVC test pattern

- AVCDI AG - Tests all AVC RAM pl anes, scrolling and both resol utions

- AVCDEMO - Denonstrates the reusable pixel, line and rectangl e routines
- KERMT - universal file-transfer- and term nal -programfor serial conmunication
- ASM - CP/M Assenbler V2.0

- MAC - CP/M MAC Macro Assenbl er

- DDT - Dynam c Debuggi ng Tool V2.2

- DUW - Dunps nenory on the screen

- ED - Standard CP/MEditor, don't use it. Take TE!

- LOAD - reads the file <filespec> which is assuned to contain HEX format machi ne code,
and produces a nenory image file that can subsequently be executed

- PIP - Peripheral |Interchange Program used for, e.g., copying files. e.g. PIP
A =B:*.COM Copies all .COMfiles on B: to A

- POAER - small utility programthat adds sinple automation, macros, and startup control
to the otherw se mnimal CP/M comrand environment
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- STAT - The STAT program can be used to display and change serial device, disk and file
settings

- SUBMT - allows CP/M commands to be batched for automatic processing
- TE - Avery nice text editor optimized for the standard Nascom screen 48x16

- XSUB - Extended Submit Facility |oads bel ow ccp, and feeds conmand |ines to prograns
whi ch read buffered input

11-2 Network Di sk CPMNET. DSK

CPMNET. DSK is a snall bootable CP/M 2.2 disk intended for using the core's

Et hernet interface directly fromCP/M It contains PING COM TELNET. COM

and FTP.COM plus the basic utilities PIP, STAT, DUW and DDT.

NETI NFO. TXT provi des a short on-di sk conmand reference.

The CP/ M network progranms use the sanme ports $B8/ $B9 and the sane configured

| P address, gateway and DNS server as the NASSYS prograns. At the A> pronpt,
use PING host, TELNET host port, or FTP host port. FTP then asks only for

the user nanme and password. Host nanes are resolved through the configured DNS
server. The CP/M FTP client stores downl oads as CP/Mfiles and upl oads CP/M
files; local names nust fit the 8.3 convention.

Because CP/M 2.2 records file sizes in 128-byte records, an upload includes the

conplete final record and any padding it contains.

12. FIRST STEPS WTH AVC

The Lucas Logic Advanced Video Controller Mdel B was a popul ar graphics

expansi on for NASCOM conputers. |t adds three independent bitnap planes for

red, green, and blue w thout replacing the standard NASCOM t ext display. A
program can sel ect either display at any time, so the nornal nonitor, ROM BASIC,
NAS- DCS, and CP/ M remain avail abl e.

The supported display nodes are:

| Mode| Resol uti on| Col our s| Typi cal use|

| 0] St andard NASCOM vi deo| Nor mal text display|Return from AVC graphi cs|

| 1] 392 x 256| Ei ght col ours| General col our graphics]|

| 2 784 x 256] Two col ours| Hi gh-resol uti on draw ng|

| 3] 784 x 256 plus 392 x 256| Bl ack, bl ue, green, cyan|M xed-resol ution graphics|
The HDM out put rermains 800 x 600 at 60 Hz. Doubl e-density graphics are shown
at their full horizontal resolution. The normal video-size setting can enlarge
singl e-density AVC graphics, while the conplete i mage remains centred on the
screen.

The 96-col um CP/ M term nal and nmonochrone AVC doubl e-density node foll ow the
configured green or anber phosphor col our. AVC nodes using the blue output

remai n true-col our nodes and are not recol oured.

12-1 Enabling the AVC

1. Press F13 to open the configuration nenu and press F13 again to reach
RAM ROM 2/ 3.

2. Use the cursor keys to select AVC
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3. Use Left or Right to change the setting to ON.

4. Press Enter to save and apply the configuration. The core restarts with the
AVC avai l abl e.

The AVC requires a CPU speed of at least 2 MHz. Enabling AVC autonatically
changes a 1 Mz configuration to 2 MHz. Wiile AVC renai ns enabl ed, the CPU
speed nenu offers only 2 Mz and 4 MHz.

AVC can be enabl ed i ndependently of FDD and CP/M To disable it, repeat the

sane procedure and sel ect OFF.

12-2 Trying the AVC under CP/M
Enabl e both CP/ M MODUS and AVC, nobunt CPM22.DSK as drive A, and reset the

machi ne. CP/Mthen uses the AVC autonmatically as a 96-colum by 24-1ine text
term nal .

The supplied disk contains three AVC prograns:

- AVCTEST di spl ays a quick eight-colour test pattern. Press any key to return
to CP/M

- AVCDEMO draws col oured pixels, lines, and rectangles. Press any key to
return.

- AVCDIAG tests the three 16 Ki B video planes and then shows RGB out put,
hardware scrolling, the blinking M6845 cursor, and both graphics

resol utions. Press a key to advance through the visual tests.

AVCDI AG overwites the contents of AVC video nmenory, but it does not alter

the mount ed di sk or normal program nmenory.

12-3 Using 48 with ROM BASI C
G48.NAS is the original Lucas Logic graphics extension for a 48 Ki B NASCOM

system It adds draw ng, colour, text, polygon, w ndow ng, and graphics disk
commands to the built-in ROM BASI C.

Bef ore | oadi ng (48:

1. Enable AVC and | eave CP/ M MODUS of f.

2. On configuration page RAM ROM 2/ 3, select RAM for $B000- $B7FF,

$B800- $BFFF, and $C000- $CFFF.

3. Press Enter to apply the settings.

4. Make sure (A8.NAS is present in the /NASCOWR directory of the SD card.
Initialize ROM BASIC once with J. Accept the default nmenory size by pressing
Enter, then use MONITOR to return to NAS-SYS. Load (48. NAS t hrough the F11
file browser and start it as foll ows:

- Enter E CFFA for a system using NAS-SYS w t hout NAS- DCS.

- For NAS-DOS, nmount a disk and activate NAS-DOS with E DOOO first. Then
enter E CFFD.

(48 prints its initialization nmessage and returns to the operating system
Enter Z to warmstart ROM BASIC with the graphics comands install ed.

Al (48 graphics comands in ROM BASI C use the SET prefix. This small exanple
sel ects the eight-col our node, clears the screen, and draws three green |lines:

10 SET MODE 1

20 SET BACKGND 0
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30 SET COLOUR 2

40 SET PLOT 20, 20
50 SET LINE 370, 230
60 SET LINE 20, 230
70 SET LINE 370, 20

80 END
Run it with RUN. When the program ends, the keyboard is still active even
t hough the graphics display remains selected. Enter the follow ng conmand to
return to the normal NASCOM screen:
SET MODE 0
Useful 48 commands i ncl ude:
- SET MODE sel ects the display node.
- SET BACKGND cl ears the plotting window with a sel ected col our.
- SET COLOUR sel ects the draw ng col our.
- SET PLOT, SET LINE, SET RECT, SET TRI, and SET POLY draw graphics.
- SET LABEL draws scal abl e and rotatable text.
- SET W NDOW defines a clipping w ndow.
- SET CHECK reads the col our of a pixel.
- SET GSAVE "NAME", 0 saves a conpressed picture to NAS-DOS drive 0.
- SET GLOAD "NAME", 0 | oads a previously saved picture.
GSAVE and GLOAD require FDD/ NAS-DOS and a nounted di sk. A G48 picture nane
may contain one to ei ght characters. GSAVE expects a new nane and does not
overwite an existing file.
Assenbl y-1 anguage prograns can control the card directly through ports
$BO- $B2; their register definitions are listed in the Z80 I/O Ports section.
The supplied CP/Mtest and denpnstrati on prograns provide working exanpl es of

initialization, screen clearing, pixels, lines, and rectangl es.

13. NAS- DOS ROM PATCH

The patch described here affects the 4 KB NAS- DOS/ FDC ROM
which is mapped at $D000- $DFFF when FDD support is enabl ed.

The unnodified ROM has the following entry in its public junp table:

D009: C3 90 DO JP $D090
$D009 is the docunented entry point for formatting a disk. The original
entry junps directly to the internal formatter at $D090. That formatter
assunes that the FDC and drive 0 have already been initialized, for exanple
by an earlier directory conmand. This assunption is normally true with a
physical drive, but it is not guaranteed after mounting a .DSK i mage in
the MEGA65 file browser. Consequently, the first format conmmand could fail
unl ess a command such as ] D had been executed bef orehand.
The generated ROM changes the junp at $D009 and uses seven otherw se
unused $FF bytes at $D3F0- $D3F6:

D009: C3 FO D3 JP  $D3FO



NASCOM 2 MEGAG65 CORE DOCUMENTATI ON

N2/ M65

D3F0: CD 76 DO CALL $D076
D3F3: Q0 RET Nz

D3F4: C3 90 DO JP  $D090
$D076 is the original NAS-DOS FDC initialization routine and $D090
remains the formatter entry. A successful initialization therefore
continues through the original formatter. If initialization fails, the
non-zero FDC status is returned to the caller.
The original formatter saves the result of the rawtrack phase in AF,
creates the 16 directory sectors afterwards, and finally returns the earlier

result. Afailed directory wite branches to $D143:

D13A: 20 07 JR Nz, $D143

D13F: DF 6A RST $18 / function $6A
D141: F1 POP AF

D142: C9 RET

D143: EF 2D 00 RST $28 / text "-"

D146: DF 6B RST $18 / function $6B
D148: F1 POP AF

D149: 3E FF LD A $FF

D14B: B7 R A

D14C. C9 RET

Wth the emul ated WD1793, the raw tracks and all directory sectors can be
comm tted successfully although this saved value is still $FF. NAS-DOS
then reports Fnt.Error after a conplete format. The generated ROM naekes the
normal return deterministic and redirects a real directory-wite failure to

the original conpact $FF return at $D148:

D13A: 20 OC JR Nz, $D148
D141: F1 POP AF

D142: AF XOR A

D143: C9 RET

This forces a zero result only after the conplete 16-sector directory | oop.
An actual directory-wite error still balances the saved stack val ue and
returns $FF through the unchanged code at $D148-$D14C. Only its preceding

| ow1evel "-" diagnostic is skipped; the caller still prints Fnt.Error.
Conpatibility details:

- The docunented format entry point renains $D009.

- Al other public NAS-DOS entry points and their addresses remain unchanged.

- The fornmatter entry renains at $D090; no public code or junp-table entry
is relocated. Its internal return sequence at $D13A-$D143 is patched as
descri bed above.

- Byte-for-byte, only $DOOA- $D00B, $D13B, $D142-$D143, and the

previously unused bytes at $D3FO- $D3F6 differ fromthe source ROM The
$C3 junp opcode at $D0O09 remmi ns unchanged.

Page 16
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- The original source inmage

hel per/ NASCOMR- Al | FI | es/ Nasdos. nas renai ns unchanged. The patch is applied
reproduci bly by hel per/ generat enasdosrom psl whil e generating

Nascon®. srcs/ sour ces1l/ new nasdosr om nagepkg. vhd.

The WD1793 WRI TE TRACK i npl enent ati on and the physical handling of
NAS-DOS's 16 post-format directory initialization wites are FPGA controller
behavi or in Nascon®. vhd.

For hardware diagnosis, port $E6 contains the retained fornat/backend
status, $E7 contains the track ID of the last conpletely commtted

WRI TE TRACK, and $E8 contains the nunber of post-format directory wites
still expected. Ports $E6-$E8 are enul ator extensions and are not part of
the original Lucas controller.

For the post-format sequence, $E6=$40 nmeans that the final committed track
is waiting for the directory-clear sequence, $41 neans that sector 1 was
accepted as its start, $51-$5F identify conpleted sectors 1-15, and $60
neans that all 16 directory initialization sectors were conmitted to the

nmount ed i mage.

14. REAL-TI ME CLOCK SUPPORT

The |12C bus already existed back in the 1980s, and one popul ar expansion for early
conputers was to add a real -tine cl ock.

Back then, | built a solution using an MWb8174 and successfully used it with my Nascon®.
Fortunately, the MEGA65 al ready has a real-tinme clock connected via I12C, so | integrated
it into the core.

On the SD card, there is a file named RTC. NAS. Load it with F11 and start it
with E 1000 to display the current time and date.

The core supports both the onboard real-tine clock and the optional external
DS3231 nodul e on the G ove connector on R3/R3A and R6 machines. Both |2C buses
are checked i ndependently. After repeated valid DS3231 readi ngs, the external
clock is selected autonatically; if it is absent or stops responding, the core
falls back to the onboard clock. The Grove clock therefore takes precedence
when fitted, while nachines w thout one continue to use their onboard RTC

No RTC address, junper, or configuration-nmenu setting is required.

15. PMOD RS232 UART COVIVUNI CATI ON

The JTAG UART connection was nice, but it does not provide a way to conmunicate with old
conputers. Therefore, | added support for the PMOD RS232 nodul e.

The nodule is available at a noderate price, for exanple in Germany from Trenz or
Reichelt. It can also be built manually. The schematic is easy to find at Digilent, and
it is not rocket science.

The MEGA65 has two PMOD connectors, each with 2 x 6 pins and 8 freely progranmabl e
signals. The remaining 4 pins are 3.3 V power and GND. This means there are four possible
connection positions for a nodule with 6 connector pins, and all of them can be used,

sel ectabl e via the menu.

15-1 PMOD RS232 Pi nout
- Pin 1. CTS
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- Pin 2: RTS
- Pin 3: TXD
- Pin 4: RXD
- Pin 5: G\D
- Pin 6: VCC

16. ETHERNET AND NETWORK PROGRANMS

Et hernet is available on MEGA65 R3/R3A and R6. It is optional and disabled by
default. The core supports Ethernet 11, ARP, static |Pv4 or DHCP, | CVMP echo requests

and replies, DNS A-record | ookups, and outbound TCP streans. |Pv6, UDP

applications, TLS, and active-npde FTP are not currently supported.

16-1 Network configuration

Press F13 three tines to open NETWORK 3/3. The page contai ns:
- NETWORK: enabl e or disable the network interface
- ADDRESS MODE: set static- or DHCP-node

- | P ADDRESS: the static address of the Nascom select DHCP as the address node to obtain
the | P settings autonatically

- NETMASK: the local |Pv4 subnet mask
- GATEWAY: the router used for destinations outside the |local subnet
- DNS SERVER the resolver used for host nanes
- LINK: the current physical Ethernet link state
Use Up/Down to select a row. On an address row, use Tab to select an octet and
Left/Right to change it. Press Enter to apply and save the conplete
configuration. The val ues becone active imediately; a reset or a new
bitstreamload is not required.
Use an unused address in the sane subnet as the |ocal network. For exanple, a
Nascom connected to a 192.168. 4. 0/ 24 network coul d use:

| P ADDRESS 192.168. 4. 188

NETMASK 255. 255. 255. 0

GATEWAY 192.168.4. 1

DNS SERVER 192.168.4.1
The DNS server nmay be outside the |ocal subnet as |long as the gateway can
route to it. The interface uses the fixed |locally adm nistered MAC address
02: 4E: 41: 53: 32: 36.
After enabling the network, check that LINK UP is displayed. A conputer on
the same network should then be able to ping the configured Nascom address.
This incomng ping test is a convenient first check before using the supplied
net wor k prograns.
16-2 Pl NG NAS
PI NG NAS sends three | CWP echo requests fromthe Nascom
1. Load PING NAS with F11.
2. Start it from NASSYS with E 6000.

3. Enter a dotted |IPv4 address or a host nane.
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Host nanes are resol ved through the configured DNS server. The programprints

the result of each of the three attenpts and then returns to NASSYS.

16-3 TELNET. NAS

TELNET.NAS is an interactive Telnet client with basic option negotiation and

| ocal echo support.

1. Load TELNET.NAS with F11.

2. Start it with E 3000.

3. Enter a server nane or |Pv4 address and a decimal TCP port.

Pressing Enter at a pronpt accepts the displayed default. Press Esc during a
session to close the connection and return to NASSYS. Return is transmtted as
the Tel net CR/LF sequence. Local echo is used for sinple TCP listeners and is

di sabl ed automatically when a Tel net server negotiates server-side echo.

16-4 FTP. NAS

FTP. NAS is a passive-node, binary FTP client.
1. Load FTP.NAS with F11.

2. Start it with E 5000.

3. Enter the server nane or |Pv4 address, control port, user nane, and password.

Pressing Enter accepts the displayed default for an input field. Server nanes
are resol ved through DNS. After login, these commands are avail able at the
FTP> pronpt; the first letter is sufficient:

| Key | Function |

| D| Display a directory listing with size, date/tine, and nanme

| G| Download a renote file into Nascom nenory |

| U] Upload a Nascom nenory range as a renote file |

| C| Change the server directory |

| P| Display the current server directory |

| H| Display help |

| Q| dose the connection and return to NASSYS |

Directory output pauses after twelve entries. Downl oads ask for a destination
address and report the first free address after the received data. Upl oad
addresses and |l engths are entered i n hexadeci mal without a prefix. Do not
downl oad data over the FTP client itself at $5000- $5EFA.

FTP uses one TCP connection for commands and a second connection for each
directory listing, download, or upload. A server firewall nust therefore allow
the FTP control port, normally TCP 21, and the server's configured passive
port range. If login works and a 227 response is shown but a transfer fails,

check the passive port range and its firewall rules first.

16-5 CONTROL. NAS

CONTROL. NAS is intended for renpte-control and GU applications. It allows a
conputer to read and wite Nascom nenory, access |/O ports, and start Z80 code
through a sinple TCP protocol.

Load it with F11 and start it with E 4000. Enter the |Pv4 address of the

Page 19
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conputer running the control application. The conputer nust |isten on TCP port
2323 before the agent is started. The Nascominitiates the connection. Use the
QUIT operation in the control application for an orderly di sconnect and

return to NASSYS.

16-6 Notes and troubl eshooting
- LINK DOMN: check the Ethernet cable and switch port.

- DNS nanes fail but nuneric addresses work: verify the DNS server and gat eway.
- Local addresses fail after routed addresses were used: re-enter the intended
server address and port; pressing Enter accepts the value currently shown.

- FTP login works but transfers fail: allow the passive data-port range on the
server firewall.

- A TCP connection that is still closing can take a short tinme before a new
connection starts. The clients close their sockets during startup and exit

to make repeated runs reliable.

- The FPGA TCP receive window is intentionally snall. Transfers are reliable

but are not intended to natch nodern conputer network speeds.

17. CONFI GURATI ON FI LE N2CONF. CFG

The file is stored as / NASCOVR/ N2CONF. CFG on the FAT32 SD card. It is |oaded

automatically after SD-card initialization and saved when configurati on changes
are applied with ENTER A newy created file receives FAT attributes $22
(hidden + archive). Wen an existing legacy file is upgraded, its directory

size is changed to 32 bytes and the current V4 data replaces its first sector.

17-1 Current Format
The current witer stores N2CONF. CFG in a 32-byte fornat.

Bytes 0..3 are the fixed signature:

4E 32 43 46

This is ASCI|I N2CF.

When | oading, the first 4 bytes nmust match exactly:
readfirstword_reg = x"4E324346"

In addition, the |oader checks:

- file size >= 32 bytes

- byte 4 = format version 04

- byte 5 = fixed nmarker 20

- byte 30 = XOR checksum

17-2 Byte Layout
| Byte | Name | Meaning |

| signature | 4E = N |
| signature | 32 = 2 |

0
1

| 2| signature | 43 = C |
3 | signature | 46 = F |
4

| version | 04 |
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5| marker | 20 |
6 | cfg_byted4 | speed, phosphor, scanlines, video zoom |
7 | cfg_byte5 | slot ROM mask + FDD/ NAS-DOS + CP/ M node |
8 | cfg_byte6 | RS232 selection + RTS/CTS |
9 | cfg_byte8 | RS232 speed |

10 | network flags| bit O = Ethernet enabled, bit 1 = DHCP enabl ed |

|

I

I

|

I

I

| 11-14| IPv4 address | network byte order |
| 15-18] netmask | network byte order |

| 19-22| gateway | network byte order |

| 23-26] DNS server | network byte order |
| 27-29] reserved | 00 |

| 30 | checksum | XOR checksum |

|

31 | terminator | OA |

17-3 Bit Layout

17-4 Byte 6 = cfg _byted

- Bits 7 dowmnto 6 = 0 (for future use)

- Bits 5 dowmnto 4 = video zoom (00 = original, 01 = 150% 10 = 200%

- Bit 3 = cfgsavescanlines

- Bit 2 = cfgsavephosphor_anber

- Bits 1 dowmnto 0 = cfgsavespeed

I'n practice:

00 ZzZZz S P SS

- ZZ = video zoom (00 original, 01 150% 10 200%
- S = scanlines

- P = phosphor (0 = green, 1 = anber)

- SS = CPU speed

17-5 Byte 7 = cfg byteb

- Bits 3 dowmnto 0 = cfgsavesl ot _rom

- Bit 4 = cfgsavefdd
- Bit 5 = cfgsavecpm
- Bit 6 = cfgsaveavc
- Bit 7 = cfgsavebls

In practice:

B ACF RRRR

- F = FDD/ NAS- DCS enabl e

CP/ M node; forces FDD on and all configurable ROM slots to RAM

AVC enabl e

BLS Pascal V1.3 node

- RRRR = ROM RAM sl ot mask

The ROM mask bits sel ect:

| Bit | Address range | O | 1 |

C
- A
B

| 0| $B000-$B7FF | RAM | TOOLKI T ROM |
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| 1| $B800-$BFFF | RAM | NASPEN ROM |

| 2| $0000-$CFFF | RAM | SUPERDEBUG NAS-DI S ROM |

| 3| $D000-$DFFF | RAM | ZEAP Asserbl er ROM |

Wien FDD bit 4 is 1, NAS-DOS is mapped at $D000- $DFFF regardl ess of

ROM nask bit 3. The saved value of bit 3 is retained, but it only becones
effective again after FDD i s disabl ed.

When CP/Mbit 5 is 1, the runtinme configuration forces FDD on and cl ears

all four live ROMmask bits. The configured mask is nevertheless retained in
the file and restored when CP/M node is disabled again. In CP/M node

$D000- $DFFF is witable RAMrather than the NAS-DOS ROM Low and hi gh shadow
RAM plus the 2 Ki B boot EPROM i npl ement the prelimnary CP/ M boot nenory view,
the custom second-stage | oader, BICOS, and systemdisk are still separate work
When BLS Pascal bit 7 is 1, the nmenory map i s $A000- $CFFF = BLS Pasca

ROM and $E000- $FFFF = RAM At $D000- $DFFF, an enabl ed FDD keeps NAS- DOS
visible; without FDD this range is RAM The nornmal expansi on- ROM mask remnai ns
saved and is restored when BLS Pascal is disabled. BLS Pascal and CP/M npde
are nutual ly exclusive

17-6 Byte 8 = cfg byte6

- Bits 2 downto 0 = cfgsavers232

- Bits 5 downto 3 =0

- Bit 6 = cfgsavers232_fl ow

- Bit 7=0

In practice:

0 F 000 RRR

- RRR = RS232 routing selection

- F = RTS/ICTS flow control enable

17-7 Byte 9 = cfg byte8

- Bits 3 dowmnto 0 = cfgsavers232_speed

- Bits 7 dowmnto 4 = 0

In practice:

0000 BBBB

- BBBB = RS232 baud-rate sel ector

17-8 Encoded Val ues
CPU speed in byte 6, bits 1:0

| Value | Effective speed

00 | 1 MHz |

01| 2 Mz |

10 | approxinmately 4.166 MHz, displayed as 4 MHz |

11 | approximately 4.166 MHz; accepted as a fallback val ue
RS232 routing in byte 8, bits 2:0:

| Value | Route



NASCOM 2 MEGAG65 CORE DOCUMENTATI ON

N2/ M65 Page 23
Issue 1
| 000 | JTAG UART |
| 001 | PMOD 1 High |
| 010 | PMOD 1 Low |
| 011 | PMOD 2 High |
| 100 | PMOD 2 Low |
I

101-111 | reserved; not generated by the configuration nmenu |

For the JTAG route, the UART al ways runs at 115200 baud and RTS/CTS is not
used. The stored baud and flowcontrol bits are relevant to the PMOD routes.
Baud-rate selector in byte 9, bits 3:0:

| Value | Baud |

| 0000 | 300 |

| 0001 | 1200 |
| 0010 | 2400 |
| 0011 | 4800 |
| 0100 | 9600 |
| 0101 | 14400 |
| 0110 | 19200 |
| 0111 | 38400 |
| 1000 | 57600 |
| 1001 | 115200 |
|

1010- 1111 | accepted as 115200 fall back val ues |

17-9 Checksum

Byte 30 contains the XOR of bytes 4 through 26 and the fixed val ue A5.

Bytes 27 through 29 are currently zero and do not contribute a non-zero val ue.
versi on XOR mar ker XOR configuration payl oad bytes 6..26 XOR x"A5"

That is:

Byt e30 = Byted4 XOR Byte5 XOR ... XOR Byte26 XOR A5

using the file-byte nunbering.

Byte 31 is witten as 0A, but the | oader does not currently use it for

val i dati on.

17-10 Val ues Read Back

When | oading the current V4 format, the original settings are decoded as
before. In addition, byte 10 selects Ethernet (bit 0) and DHCP node (bit 1),
while bytes 11 through 26 retain the static |Pv4 address, netnask, gateway,

and DNS server. DHCP | ease val ues are obtained at runtime and are not saved.

17-11 From Byte 6
- speed <= bits 1:0

- phosphor <= bit 2
- scanlines <= bit 3
- video_zoom <= bhits 5:4
17-12 From Byte 7

- slot_rom<= bits 3:0
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fdd <= bit 4
cpm<= bit 5

avc <= bit 6

17-13 From Byte 8

rs232 <= bits 2:0
rs232_flow <= bit 6

17-14 From Byte 9

rs232_speed <= bits 3:0

17-15 Backward Conpatibility
The | oader still accepts older config fornats:

Legacy 8-byte fornat:

bytes 0..3 = N2CF

byte 4 = speed and phosphor

byte 5 = ROM sl ot nmask

byte 6 = byte4 XOR byte5 XOR A5

RS232 defaults to JTAG 115200; scanlines, zoom RTS/CTS, and FDD default off
Legacy 9-byte RS232 fornat:

bytes 0..3 = N2CF

byt e

4 = speed and phosphor
byte 5 = ROM sl ot nmask

6

7

byt e = RS232 route in bits 2:0 and | egacy baud selector in bits 5:3
byt e byt e4 XOR byte5 XOR byte6 XOR A5

scanl i nes, zoom RTS/CTS, and FDD default off

Version 2 of the 16-byte format:

byte 4 = 02, byte 5 = 10

byte 6 also contains scanlines in bit 3

byte 7 contains only the four ROMslot bits

byte 8 contains RS232 route in bits 2:0 and | egacy baud in bits 5:3
byte 14 = byte4 XOR byte5 XOR byte6 XOR byte7 XOR byte8 XOR A5
zoom RTS/CTS, and FDD default off

Version 3 of the 16-byte format:

byte 4 = 03, byte 5 = 10

bytes 6 through 9 contain the current CPU vi deo/ ROM FDD/ CP/ M AVC/ RS232 settings
byte 14 contains the V3 XOR checksum

Et hernet defaults to off and the built-in static |IPv4 values are used

The | egacy three-bit baud selector used by the 9-byte and V2 formats is

converted as follows:

Legacy val ue | Loaded baud

000 | 115200 |
001 | 300
010 | 2400

011 | 9600

Page 24
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| 100-111 | 57600 |

However, new files are always witten in the 32-byte V4 format described above.
If no valid configuration file is |oaded, the built-in defaults are 1 M1z,
green w thout scanlines, original video size, JTAG UART at 115200 baud,

all four optional ROM slots enabl ed, FDD/ NAS-DOS di sabl ed, CP/ M di sabl ed, and
AVC di sabl ed, Ethernet disabled, and DHCP disabled. The initial static network
val ues are 192.168. 1. 65, netmask 255.255.255.0, gateway 192.168.1.1,

and DNS 192.168.1.1.

18. 780 |/ O PORTS
18-1 Port Changes fromthe O ginal CP/M Desian

| Port| New assi gnment | Not e|

| $B0| AVC MC6845 address regi ster|Decoded only when AVC ON|

| $B1] AVC MC6845 data regi ster| Decoded only when AVC ON|

| $B2] AVC control register|Decoded only when AVC ON|

| $B3| AVC 96-col umm term nal character|Private FPGA extension|

| $B4] AVC terminal control/status|Private FPGA extension|

| $BF| I nternal CP/ M bank switching|Effective only in CP/M node|

The historical CP/Mboot ROM al so used port $B2 for nenory bank swi tching.
That port now bel ongs exclusively to the AVC. The generated boot ROM | oader,
and BICS are therefore patched to use the private core port $BF. CP/M

sof tware nmust use $BF, rather than $B2, for bank swi tching.

18- 2 NASCOM Basi c_Functi ons

| Port| Access| Functi on|

| $00| ¥ W NASCOM keyboard matrix and control |atch|
| $01| RF W Serial data: read RX/ wite TX|

| 02| R| Seri al status]|

| $BF| Wi nternal CP/ M nenory/overlay sw tching|

- When writing to $00:

- Bit 0: advance the keyboard row
- Bit 1: reset the keyboard counter

- Bit 3: request NASCOM si ngl e-step/ NM

- Bit 4: TAPE LED

- The remaining bits currently have no functional effect.
- At $02:

- Bit 7: RX character available

- Bit 6: transmtter ready

- At $BF in CP/ M node:

- Bit 7: expose RAM at $0000- $OBFF

- Bit 6: disable the boot/video overlay at $F000- $SFFFF

- $80: |ow RAM active, upper boot/video overlay visible
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- $C0: full 64 KiB RAM view

- Wites to $BF have no effect outside CP/M node.

18-3 AY-3-8910 Proaranmmabl e Sound Gener ator

The core contains an AY-3-8910-conpati bl e progranmabl e sound generator. It

runs froma fixed 2 Mz clock, independently of the selected Z80 speed. Its
three channels are mixed to nono and transmtted as 48 kHz, signed 16-bit PCM
on both HDM audi o channels. The same nono mx is also sent to the left and

ri ght channels of the MEGA65 3.5 mm audi o jack. VGA output does not carry audio.
The interface follows the direct NAS-BUS design described by Andy Tipler in
INMC 80 News issue 5. It does not use the NASCOM PI O

| Port| Access| Functi on]|

| $08] W Sel ect AY register 0-15; only bits 3-0 are used|

| $09] RR WRead or write the sel ected AY register|

For exanple, this Z80 sequence enabl es tone channel A at maxi mum vol une:
LD A0

QUT (08H), A ; tone A fine period

LD A 125

QUT (09H), A

LD A1

QUT (08H), A ; tone A coarse period

XOR A

OUT (09H), A

LD A 7

QUT (08H), A ; enable tone A disable other tone/noise inputs

LD A, OFEH

QUT (09H), A

LD A 8

QUT (08H), A ; channel A fixed vol une

LD A 15

QUT (09H), A
The tone frequency is 2,000,000 / (16 x period) Hz, where period is the
12-bit value in each channel's fine and coarse registers. A zero period is
treated as one.

| Regi st er| Functi on|

| 0, 1| Channel A tone period, fine 8 bits and coarse 4 bits|
| 2, 3| Channel B tone period|

| 4, 5| Channel C tone period|

| 6] Noi se period, 5 bits]|

| 7] Tone/ noi se m xer disable bits and |I/O direction bits]|

| 8-10| Channel A-C anplitude; bit 4 selects the envel ope|

Page 26
I ssue 1



NASCOM 2 MEGAG65 CORE DOCUMENTATI ON

N2/ M65 Page 27
I ssue 1

| 11, 12| Envel ope period, 16 bits]|

| 13| Envel ope shape; every wite restarts the envel ope|

| 14, 15| Parallel 1/O port A/ B; MEGA65 joystick A/B in input node|

On the MEGA65, parallel ports A and B read the two physical joystick ports.
On R6 the joystick sockets are connected directly to the FPGA using the sane
ten input pins as R3/R3A. The shared cartridge/joystick interface is enabl ed,
and its ten active-low drain outputs are held inactive because this core uses
the sockets strictly as inputs. The R3 board w apper exposes the sane ten
active-low inputs without the R6 interface-control signals.

The five low bits use the usual active-low digital joystick |ayout:

| Bit] I nput|

| O] Up|

| 1| Down|

| 2| Left]

| 3] Ri ght|

| 4| Fire|

| 7-5] Unused, read as 1|

Register 7 bit 6 selects port A and bit 7 selects port B (0 = input,

1 = output latch). Both bits are 0 after reset, so software can sel ect
register 14 or 15 via port $08 and i medi ately read the joystick at $09.

For exampl e, OFEH neans Up is pressed and OEFH neans Fire is pressed.

Wites to registers 14 and 15 remain avail able as output |atches when the
corresponding direction bit selects output node.

The four anal ogue paddl e inputs are not part of this digital AY mapping. They
need pul se/discharge timng and separate result registers and are therefore not

enabl ed by the joystick interface.

18-4 lLucas Logic Advanced Video Controller (AVC Model B

The AVC i s disabled by default and can be enabl ed i ndependently of CP/Mon the
second F13 configuration page. Changing the setting is persisted and takes
effect with the same controlled reset used for nenory-map changes.

| Port| Access| Functi on]|

| $BO| W Sel ect an M36845 regi ster|

| $B1] RF W Read/ write the sel ected MO6845 register|

| $B2| RF W AVC control register|

| $B3] RF W FPGA termi nal character data|

| $B4| RF W FPGA termi nal control/status|

- Bits 0-2 of $B2: map the red, green, and blue 16 KiB planes into
$8000- $BFFF. Wites can target multiple planes sinultaneously; reads use
the first selected plane.

- Bit 3: double-density npde, 784 x 256 instead of 392 x 256 pixels.

- Bits 4-6: enable red, green, and blue video output.

- Bit 7: display normal NASCOM vi deo instead of AVC out put.
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- Reset safely initializes $B2 to $80: no plane is napped and nornal
NASCOM vi deo is visible.
- Wth AVC OFF, $B0-$B2 are conpletely disabled: reads return $00, wites

are ignored, the

menory remnains vi

- AVC and CP/ M can operate together when AVC ON is sel ected. Mapping a col or

$8000- $BFFF pl ane wi ndow i s not napped, and nornmal NASCOM

si bl e there.

pl ane through $B2 tenporarily occupi es $8000-$BFFF in the CPU address

space, just as on the original hardware.

- In CP/ M node, an enabled AVC is automatically used as a 96 x 24 terminal.

The renderer joins the red and green planes in 784 x 384 doubl e-density

nmode and draws the existing 8 x 16 core font into a 768 x 384 text area.

The FPGA term nal
software retains
The core uses an
one-for-one. The
term nal node so

Carriage return,

extends each internal AVC plane to 32 KiB; historical AVC
its original 16 Ki B CPU wi ndow and 256-1ine raster.
800 x 600p60 HDM npde so all 784 AVC pi xels are displayed
nornmal vi deo-zoom setting is deliberately ignored for this

no columms are cropped.

line feed, backspace and formfeed are handl ed in hardware.

Scrol ling advances the M26845 start address through a circular franmebuffer.

- $B3 is a private character FIFO with one pending character. Software mnust

wait until $B4 bi

termnal is enabl

t 0 is one before witing. $B4 bit 1 reports that the

ed. Witing bit 0 as one enables and clears the term nal;

witing zero disables it and returns to normal NASCOM vi deo.

The MC6845 hardware cursor output is also inplenented. On the physical Model

t he CURSOR si gnal

was available only at a test point and had to be connected

to a chosen video output, normally through an XOR gate. To | eave historical

sof t war e unchanged,

of MC6845 register 10 as this virtual 1ink:

- Register 10 bit 7:

the MEGA65 inpl enmentation uses the otherw se unused bit 7
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connect the cursor XOR output (1) or leave it disconnected (0).

- Register 10 bits 6-5: steady, hidden, blink every 16 fields, or blink every 32 fields.

- Register 10 bits 4-0 and register 11 bits 4-0: first and |l ast cursor raster

- Registers 14 and 15: 14-bit cursor address.

The cursor is disabled in the private 96 x 24 CP/Mterm nal renderer, which

mai ntains its own character cursor behaviour. Light-pen registers 16 and 17

remai n passive readback registers; no light pen is enul ated.

18-5 Original 48 ROM BASI C graphics software
The SD-card contents include the Lucas Logic (A8 graphics extension for ROM

BASIC. It occupi es $AEF6- $CFFF and provi des both NAS-SYS and NAS-DCS startup

entries as well as the docunmented assenbler interface. See

First steps with AVC (#first-steps-w th-avc) for nmenory configuration,

exanpl e BASI C code, and the avail abl e graphics conmands.

18-6 Real -Tine d ock

| Port| Access| Functi on]|

| $10| R| Seconds, BCD|

startup,
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| $11] R M nutes, BCD|

| $12| R Hours, BCD|

| $13| R Day of week]|

| $14| R Day, BCD|

| $15| Rl Mont h, BCD|

| $16| R| Year, BCD|

| $17| Rl RTC st at us|

| $18] R/ 12C debug: busy counter|

| $19| R 1 2C debug: st at us]|

| $1A| R/ 12C debug: |ast byte|

| $1B| R 12C debug: |ast register address|
- Status at $17:

- Bit 7: RTC data valid

- Bit 6: access busy
- Bit 5: error

- Bit 4: update toggle

- Bits 3-0: error code

18-7 WD1793/ Fl oppy Controller

| Port| Access| Functi on|

| $E0| R W Read WD1793 status / write conmand|
| $E1| RF W Track regi ster|

| $E2| RF W Sect or register|

| $E3| RF W FDC dat a regi ster|

| $E4| RF WDrive control |atch|

| $E5| R DRQ I NTRQ and drive-ready status|
| $E6] R| For mat di agnosti c code|

| $E7| R Last formatted track]|

| $E8| Rl Rermai ni ng directory wites|

- Control latch at $E4:

- Bit 0: drive A

- Bit 1: drive B

- Bit 4: side 1

- Bit 5: motor on

- Status at $ES5:

- Bit 7: DRQ - data byte ready/requested
- Bit 1: NOT READY

- Bit 0: INTRQ - conmmand conpl et ed

- Main commands supported at $EO:

- Restore

- Seek

- Step / Step In/ Step CQut

- Read Sector / Read Multiple

- Wite Sector / Wite Miltiple
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- Read Address
- Wite Track

- Force Interrupt

18-8 CP/M FDC Di agnostic Ports
These wite ports are used exclusively by the CA/MBIOS to latch a read error

for the F7 diagnostics page:

| Port | Access| Di agnosti c val ue|

| SE7| WBytes still expected|

| $E8] W CP/ M tr ack|

| $E9| W CP/ M r ecor d|

| SEA| WWD1793 status at the tinme of failure|

- $E7 and $E8 therefore have different meanings for reads and wites.
The table covers 32 distinct Z80 port addresses. Wth AVC OFF, the five
AVC addresses $B0-$B4 are inactive. Ports not listed, or disabled

by the current configuration, return $00 when read and ignore wites.

19. SOURCES AND ACKNOW EDGENMENTS

Thanks to the contributors of the Tyto2 and nega65-core projects.

Their work hel ped nme | earn how to use HDM, VGA, keyboard input, and SD card support.
<https://github.confanb5l /tyt 02> <https://github.conl anb5l / mrega65- cor e>

Thanks to Dani el Wall ner <jesus@pencores.org> for his T80s Core

Many stuff and inspiration on <http://ww. nascomhonepage. coni >

The Lucas Logic AVC Mddel B inplenentation follows the original

har dwar e manual (https://nascom wordpress. com wp- cont ent/ upl oads/ 2018/ 06/ avchman. pdf)

and col our graphics software nanual
(https://nascom wor dpr ess. conf wp- cont ent / upl oads/ 2018/ 06/ avcsman. pdf) .

Searchabl e OCR transcripts of both scanned manual s are kept under
hel per/avc-docs; consult the scans where OCR text is anbi guous.
Finally, a huge thank you to the MEGA65 tean

It is a fantastic machine with so many possibilities on so nany levels. | can only
recormend it to anyone interested in vintage conputers.

It is not perfect, but it is pretty close! ;)

20. LI CENSI NG

This file is part of the MEGA65- Nascon®- Enul at or.

The MEGA65- Nascon®- Enul ator is free software: you can redistribute it and/or nodify
it under the terms of the GNU General Public License as published by

the Free Software Foundation, either version 3 of the License.

The MEGA65- Nascon®- Enul ator is distributed in the hope that it will be useful,

but W THOUT ANY WARRANTY; without even the inplied warranty of

MERCHANTABI LI TY or FI TNESS FOR A PARTI CULAR PURPCSE. See the

GNU General Public License for nore details.

You shoul d have received a copy of the G\NU General Public License
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al ong with the MEGA65- Nascon®- Enul at or

If not, see <http://ww.gnu.org/licenses/>
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Thomas Li nke, Ruhrpott, Gernmany
Emai | : <mega65@ascon®. de>

Website: <https://nascon2.de> and <https://mega65. nasconR. de>
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ADDENDUM 01
Nascom network |/ O ABI
The R3/R3A and R6 network interface is shared by NASSYS and CP/M and uses two Z80 1/0O

ports. The interface is polling-based; neither operating environnent needs an interrupt
handl er .

Por t out I'N
B8h command st atus
B9h paraneter or payl oad byte response or received byte

Status bits read from B8h:

Bi t Meani ng

7 interface present

6 Et hernet |ink up

5 network enabled in configuration
4 response byte avail able at B9h

3 conmand/ par aneter writer ready

2 requested DNS result ready

1 request ed DNS operation busy

0 requested DNS operation failed

ABl version 4 comands:

Conmmand Response bytes

00h RESET none; clears the CPU side transaction

01h GET_I NFO 4Eh 32h, ABI version, capability bits

02h CGET_CONFI G flags, 1Pv4, netnask, gateway, DNS (network byte order)
03h GETDNSRESULT result code followed by four result/status bytes

parameters: DNS wire-format QNAME (3..64 bytes including final zero);

04h START_DNS .
- response: result

05h START_PI NG paraneters: target |Pv4 (4, network byte order); response: result

06h CGETPI NGRESULT one byte: 01h busy, 00h reply, Elh ARP error, E2h echo tinmeout

10h SELECT_SOCKET paraneter: socket 00h..03h; response: result, socket

11h CONFI G_SOCKET paraneters: |Pv4 (4), TCP port (2); response: result

12h CONNECT connect sel ected configured socket; response: result

13h GETSOCKETSTATUS socket, state, IPv4 (4), TCP port (2)

14h SEND paraneters: 1..128 stream bytes; response: result, accepted |length

15h GETRXCOUNT response: result, pending received byte count

16h RECEI VE response: result, length, then the conplete received chunk

17h CLOSE i denpotent close of the selected socket; sends FI N ACK when established
and al so succeeds after a peer close/reset

7Fh LOOPBACK returns bytes previously witten to B9h (maxi mum 128)

Capability bit 0is ICW, bit 1 is DNS, bit 2 is TCP connect and bit 3 is TCP stream|/OQO
Four CPU-side sockets are avail abl e and keep i ndependent TCP state, outstanding sends,
and 128-byte receive buffers. The Ethernet transnitter is shared and serializes ready
segnents. Each SENDY RECEI VE chunk can contain up to 128 bytes. The advertised receive

wi ndow i s one chunk; while that chunk is waiting for RECEIVE the core advertises a zero
wi ndow, then sends a wi ndow update after the Z80 consunes it. This permts sinultaneous
FTP conmand and PASV data connections without overwiting unread data.

Each new connection uses a fresh epheneral |ocal port and initial sequence nunber, so
reconnecting cannot collide with a server-side TCP control block left froman earlier
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session. Before sending its SYN, each socket resolves its own Ethernet next hop:
sane-subnet destinations are ARPed directly, while routed destinations use the configured
gateway. Socket states returned by GETSOCKETSTATUS are 00h cl osed/ unconfigured, Olh
configured/inactive, 02h connecting, 03h established and 04h cl osi ng. Elh neans that no
usabl e ARP/DNS route was avail able and E2h is a handshake ti meout. Result Elh froma

command neans invalid paraneter |ength/value; E2h neans the socket, link or network
configuration is not ready. A CONNECT request received while the previous singleton
connection is still closing is queued and starts only after that close has conpl eted

SEND result E3h neans the socket is closed, a previous send is awaiting acknow edgenent,
or the supplied payload is enpty. CLOSE is idenpotent, including after a peer reset.
RECEI VE result 0lh neans no chunk is ready.

START_DNS pernmits runtine A-record | ookups. Labels are length-prefixed in the usual DNS
wire format; for exanple ftp.local is sent as 03h "ftp" O5h "local" 0Oh. DNS result code
00h neans success. 01h is starting, 02h is gateway ARP, 03h is waiting for DNS, and
Elh..E3h are the displayed DNS errors. The resol ver wal ks the conpl ete answer section and
therefore accepts CNAME chains followed by an | Pv4 A record. E3h neans that the reply was
mal forned, reported a DNS error, or contained no usable A record

NASSYS Ping client

PING NAS is | oaded at 6000h and started with E 6000. It asks for one dotted |Pv4 address
or host nane, resolves host nanes through START_DNS, and sends exactly three | CMP echo
requests. Each attenpt prints REPLY, TIMEQUT or an error and the programthen returns to
NASSYS

NASSYS Tel net cli ent

TELNET.NAS is a small interactive ABI V4 client |oaded at 3000h and started with E 3000
It pronpts for a host name or dotted-decinal |Pv4 address and a decimal TCP port; host
nanes are resolved through START_DNS. Enpty input selects the defaults 192.168.4.123 and
23

It uses socket 3. Escape perforns an orderly CLOSE and returns to NASSYS. The client
pol I s NASSYS i nput w t hout bl ocki ng network reception, translates Return to the NVT CR/ LF
pair, accepts server ECHO and SUPPRESS- GO- AHEAD, accepts client SUPPRESS- GO- AHEAD

rej ects unsupported Tel net options, and skips Tel net subnegotiation bl ocks. Local echo is
enabl ed for sinple listeners and is automatically disabled while the server negotiates
the Tel net ECHO option

NASSYS FTP client

FTP.NAS i s | oaded at 5000h and started with E 5000. It pronpts for the server host nane
or | Pv4 address, command port, user nanme, and password; enpty input uses 192.168. 4. 123
port 21, anonynous, and nascom@ Socket O remmins the FTP command connection and socket 1
is opened for each passive-node transfer. The client selects binary TYPE | and supports
directory listing with conpact size/date/ nane output and paging after twelve entries
downl oad to nenory, upload frommenmory, CWD, PWD, and orderly QU T. See Readme_FTP.nd for
the command keys and t he CONTROL- assi sted | oadi ng wor kfl ow.
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ADDENDUM 02
NASCOM contr ol agent

hel per/ CONTROL. NAS i s | oaded at 4000h and started with E 4000. It pronpts for the host
controller's | Pv4 address, using 192.168.4.123 for enpty input, and connects socket 2 to
fixed TCP port 2323. The resident inage, buffers, and private stack occupy 4000h through
46DCh.

Start the host first. By default it binds only to the devel opnment PC s LAN address
192. 168. 4. 123:

pyt hon hel per\ nascom control . py

For the first hardware check, python hel per\nascomcontrol.py --snoke-test automatically
verifies ping, ROMreading, reversible RAMwite/read at 4700h, and input port 02h, then
cl oses the agent and returns it to NASSYS.

Then | oad and execute CONTROL. NAS, enter the listener's |Pv4 address (or press Return for
192.168.4.123), and let it connect. The host accepts these interactive commands:

pi ng

read ADDRESS LENGTH

write ADDRESS HEXBYTES

| oad FILE ADDRESS

save FILE ADDRESS LENGTH

in PORT

out PORT VALUE

exec ADDRESS

qui t
Nunmbers may use 0x1234, $1234, 1234h, or decimal notation. Transfers are split
automatically into bl ocks of at npbst 120 bytes. Wites overl appi ng the resi dent agent are
rejected by the host unless it is started with --force-agent-wite. exec behaves |ike an
indirect call: control returns to the agent when the injected routine executes RET. quit
cl oses the TCP connection and returns the NASCOM to NASSYS.

Bi nary fram ng

A request is:
4E 32 CMD SEQ ARG H ARG L LEN [ PAYLOAD] XOR

A response is:
32 4E (CMD| 80) SEQ STATUS LEN [ PAYLOAD] XOR

The XOR covers CMD through the byte before it; including the appended XOR in the

cal cul ation therefore produces zero. Commands 11h (menory wite) and 21h (port output)
carry request payload. For 10h (nmenory read), LEN is the requested response |ength.
Status val ues are 00h success, 01lh unknown command, 02h invalid I ength, and 03h checksum
error.
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ADDENDUM 03
MEGA65 R6 NASCOM Pi ng

PING NAS is a sinple ICVWP test for NASSYS. The programis |located at 6000h and is started
wi t h:
E 6000

At the TARGET | P/HOST: pronpt, enter either an | Pv4 address or a host nanme. Host nanes
are resolved as A records through the DNS server configured on the network configuration

page.

The program sends exactly three | CMP echo requests. Each attenpt produces one of the
foll owi ng nessages:

- REPLY - a matching echo reply was received;
- TIMEQUT: E2 - no matching reply was received before the tinmeout;
- ERROR El - the target or next hop could not be reached through ARP.

The programthen displays DONE and returns to NASSYS. There are no additional options and
no continuous node.

The PI NG bin binary occupi es 6000h..6366h (871 bytes). Direct targets on the | ocal subnet
are resol ved through ARP; renpte targets use the configured gateway's MAC address.
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ADDENDUM 04
MEGA65 R6 NASCOM Tel net

The Tel net client TELNET.NAS is | oaded at 3000h and started with the foll owi ng NASSYS
command:

E 3000

At the SERVER/ I P pronpt, enter either an |Pv4 address or a host name. Host names are
resol ved as A records through the DNS server configured on the network configuration
page. Enpty input uses the defaults 192.168.4.123 and port 23 on every new programstart.

After the connection has been established, the client operates as before. Local echo is
enabl ed for sinple listeners and is disabled when the server negotiates Tel net ECHO
Escape cl oses the connection and returns to NASSYS.

The binary image occupi es 3000h..36EFh (1776 bytes). DNS support requires the current
bitstreamwith the ABI V4 commands STARTDNS and GETDNS_RESULT.
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ADDENDUM 05
MEGA65 R6 NASCOM FTP Cl i ent

The FTP client is provided as FTP.NAS and as the raw binary inmage FTP.bin. It requires at
| east core V1.7 with support for concurrent TCP sockets.

Loadi ng and starting

To load the NAS file directly:
1. Load FTP.NAS with F11.

2. Start it with E 5000.

The Control Agent can |load the smaller binary image in one operation, verify it byte for
byte, and then terninate the agent:

python -u nascomcontrol.py --bind 192.168.4.123 °
--load-file FTP.bin --Ioad-address 5000h

The sane operations are also avail able interactively:

| oad FTP. bi n 5000

read 5000 10

qui t
The program occupi es 5000h through 5EFAh, inclusive (3835 bytes). After terminating the
Control Agent, this nenory range can be saved as FTP.NAS with the usual NASSYS facilities
and subsequently started with E 5000.

Logi n

At startup, the program asks for the server name/|IP, TCP port, user name, and password. A
host name is resolved as an A record through the DNS server entered on the network
configuration page. Enpty input accepts the displayed default:

SERVER/ | P [192. 168. 4. 123] :
PORT [21]:

USER [ anonynous] :

PASSWORD [ nascom@ :

After login, the client selects binary transfer node with TYPE |I. Al FTP responses,
including multiline responses, are displayed.

Commands
At the FTP> pronpt, the first letter is sufficient:

Key Functi on

D Di spl ay a conpact LIST directory containing size, date/tine, and nane
G Downl oad a file into NASCOM nenory with RETR

V] Upl oad a menory range as a file with STOR

C Change the working directory with C\D

P Di splay the current directory with PWD

H Di splay brief help

Q Send QUIT, close the TCP connection, and return to NASSYS

For G the client asks for the renpte file nane and the hexadecimal start address. It
then displays the first free address and the nunmber of bytes received. The sel ected range
must not overwite the FTP client at 5000h..5EFAh.

The directory display omts permssions, |ink count, owner, and group. After every twelve
entries, -- MORE -- waits for a key press.

For U, the client asks for the rempte file nane, start address, and | ength. The address
and | ength are hexadeci mal and require no prefix.

After a downl oad, CONTROL can conpare nenory byte for byte against the original PCfile
without an internmediate file. Exanple for a downl oad to 6000h:

python -u nascom control.py --bind 192.168. 4. 123 °



NASCOM 2 MEGAG65 CORE DOCUMENTATI ON

N2/ M65 Page 38
I ssue 1

--conmpare-file FTP.bin --1oad-address 6000h
FTP nust first be termnated with Q and CONTROL nust then be restarted with E 4000.

Transport

Socket 0 holds the FTP control connection. For LIST, RETR, and STOR, the client requests
a port with PASV and connects socket 1. The |IP address in the PASV response is

del i berately ignored; the previously entered server |IP and the reported PASV port are
used as the data target. This also works with servers that return an unsuitable private
address in their PASV response.

At startup, the client closes sockets 0 and 1 as a precaution. This allows FTP.NAS to be
restarted after a Z80 reset or aborted transfer wi thout an old FPGA TCP state bl ocking
the connection attenpt.

The TCP core advertises a receive window of 128 bytes. After each block, the windowis
closed until the Z80 has consuned the data and is then reopened with an ACK. This limts
t hroughput but prevents a fast FTP server fromoverflowi ng the small ABI buffer.

Firewall and passive data ports
FTP uses two separate TCP connections:

- The control channel connects to the port entered at program startup, normally TCP port
21.

- For Db G and U, the client subsequently requests a second, server-selected data port
with PASV.

A local FTP server nust therefore permt inbound traffic to both the control port and the
passive data ports. For FileZilla Server, a small fixed port range such as 50000 through
50100 i s recommended:

1. In FilezZilla Server, open Protocol settings -> FTP and FTP over TLS (FTPS) -> Passive
node and enabl e Use custom port range.

2. Enter a range such as 50000-50100.
3. Leave Use local IP for local connections enabled.
4. Permt inbound TCP port 21 and TCP ports 50000-50100 i n W ndows Firewall.

No router port forwarding is needed for connections within the sane |ocal network. For a
server behind NAT, the chosen passive range and, if necessary, the control port nust also
be forwarded to the server.

If login succeeds and the server responds to PASV with 227, but FTP TRANSFER ERROR
follows, the control channel is already working. In this case, the second connection nost
i kel y cannot reach the passive data port specified by the 227 response. Check the
configured passive port range and its firewall rule first.

Local test server

ftptestserver.py provides a reproducible initial test server:
python -u ftp_test_server.py --bind 192.168.4.123 --port 21
The default directory is ftp-root, relative to the current directory. The server |ogs

control and data connections and supports precisely the commands used by the NASCOM
client.
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ADDENDUM 06
BLS Pascal V1.3 auf dem MEGAG65- Nascon? - erste Schritte

Di ese Kurzanleitung gilt fir die in diesem Projekt nach $A000- $CFFF rel okierte
BLS- Pascal - Version 1.3. Fir V1.3 ist kein eigenes Handbuch bekannt. Di e Bedi enung wurde
deshal b aus dem Handbuch zu V1.2, dem V1. 3- Progranmmabbi | d und dem Verhal t en unserer
ROM Ver si on abgel eitet.
1. Starten
1. Mt F13 die Konfiguration offnen.
2. Auf Konfigurationsseite 2 BLS PASCAL V1.3 auf ON stellen.
3. Die Anderung mt Enter Ubernehmen. Der Nascom wird zuriickgeset zt.
4. Am NAS- SYS- Pronpt ei ngeben:
EA000
Das ist der NAS-SYS-Befehl E mit der Startadresse $A000.
Nach dem Titel erscheint der BLS-Pascal - Pronpt:

>

Der Warnstart |liegt bei $B140 und kann nach einem QU T mt EB140 aufgerufen werden. Nach
ei nem Reset sollte sicherheitshal ber der Kaltstart EA000 verwendet werden.

2. Das erste Programm

Am >-Pronpt E und Enter drucken. Danmit wird der Vollbildeditor getffnet. Den fol genden
Text ei ngeben:

BEG N
WRI TELN(' HALLO VOM NASCOM 2') ;
END.

Wchtig:
- Befehl sworter dirfen groR oder klein geschrieben werden.

- Text steht in einfachen Anfihrungszei chen. Das dafir bendtigte ASCII-Apostroph ' wird
auf der emulierten Nascom Tastatur mit Shift+7 eingegeben. Der Nascom Zeichensatz stellt
di eses Zei chen auf dem Bildschirmahnlich wie ~ dar; diese Darstellung ist hier normal.

- Anwei sungen werden mit ; getrennt.
- Das Haupt progranm endet mit END. - einschlieBlich Punkt.
Mt Crl+X den Editor verlassen. Danach steht wi eder der >-Pronpt da.
Zum Uber set zen ei ngeben:
Cc
Bei Erfol g erscheint ungefahr:
Conpi ling K
Text:
Code ...

Di e angezei gt e Code- Adresse ist der tatsachliche Ei nsprungpunkt. Zw schen Quelltext und
Maschi nencode liegt intern ein nicht nitgezéahltes CR-Trennbyte.

Anschl i eBend das Programm starten:
R

R konpiliert autonmatisch, falls noch kein gultiger Objektcode vorhanden ist. Nach dem
Progranmende kehrt BLS Pascal zum >-Pronpt zurick.

Der kirzeste Arbeitszyklus ist somt:

E Edi tor of f nen
Crl+X Editor verlassen
C Konpi | i eren

R Ausf Uhren
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3. Beispiel mt Eingabe und Variable

VAR n: | NTEGER;
BEG N

WRI TE(' ZAHL? ');

READLN( n) ;

WRI TELN(' DOPPELT: ', n*2);
END.

WRI TE bl ei bt in dersel ben Ausgabezeile, WRI TELN schliel3t die Zeile ab. READLN |iest eine
Ei ngabe und wartet auf Enter.

Bei der nunerischen Eingabe behandelt V1.3 das Ende des Zahl enfel des und den Abschl uss
der Eingabezeile getrennt. Falls das Programm nach 7 und dem ersten Enter noch wartet,
einfach ein zweites Mal Enter dricken. Der getestete Ablauf l|iefert danach DOPPELT: 14
und kehrt zum >-Pronpt zur lck.

4. Die wichtigsten Befehle am >-Pronpt

Die Befehle dirfen - mit Ausnahne von ZAP - auf den ersten Buchstaben abgekirzt werden.

Bef ehl Kur z W r kung

EDIT E Vol | bi | dedi tor o6f fnen

COWPI LE C Quel I text in Z80- Ohj ekt code ubersetzen

RUN R ngnglkf thrignausf Uhren; bei Bedarf vorher

NENORY M Adre;sen und G 6Be von Quell- und Objektcode
anzei gen

FIND nnnn E nnnn zﬂcﬁgzem Obj ekt code-Offset die Quellstelle

FI ND F Quel I stelle des |etzten Laufzeitfehlers suchen

SAVE nane S nane Quel | text im NAS- SYS- Kassettenformat speichern

LOAD nane L nane Quel I text im NAS- SYS- Kassettenformat |aden

VERI FY nane V nane Gespei cherten Quel |l text uberprfen

QIT Q Zu NAS- SYS zur tickkehr en

ZAP - Quel I text und Obj ektcode | 6schen

Vorsicht: ZAP wird vol |l sténdi g ausgeschri eben und | 6scht den aktuellen Quelltext sow e
den Obj ekt code ohne nor nmal en Rickweg.

SAVE, LOAD und VERI FY nei nen das historische NAS-SYS-Kassettenformat. Fir Dateien auf der
SD-Karte sind stattdessen F9 und F11 vorgesehen:

1. Mt F9 die Speicherseite 6ffnen. Bei aktivem BLS-Pascal -ROM und vor handenem Quel | t ext
wird automati sch BLS PASCAL SOURCE gewahl t.

2. Einen Dateinanen eingeben. Der Core verwendet automatisch die Endung . PAS und
speichert den Quelltextbereich ab $1000 bis zum aktuel | en Text ende.

3. Zum Laden F11 6ffnen und die .PAS-Datei auswahl en. .PAS-Dateien werden i m Browser nur
angezei gt, wenn das BLS-Pascal - ROM aktiv ist.

4. Nach dem Laden setzt der Core Textende, Editorposition und obere Editoranzei ge passend
zurick. Der alte Objektcode wird verworfen; deshalb das Programm anschlieend mt C neu
konpi l'i eren.

Das Dateiformat enthdlt weiterhin NASCOWM Adresszeil en und | dsst sich daher auch aullerhal b
des Cores untersuchen. Die eigene Endung .PAS verhindert, dass F11 eine gewdhnliche
.NAS-Datei irrtumich als Pascal - Quelltext behandelt.

5. Grundl egende Editorbedi enung

Nor mal e Zei chen werden an der Cursorposition eingefigt. Eine Quellzeile darf bis zu 80
Zei chen | ang sein; das 48-Zei chen-NascomBild ist nur ein bewegliches Fenster auf diese
Zeil e.

Taste W rkung im Editor

Pfeil rechts/links Cursor um ein Zei chen bewegen
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Taste W rkung im Editor
Pfeil hoch/runter Cursor um eine Zeile bewegen
Ent er Nach unten gehen und eine Zeile einflgen
Backspace Nach |inks gehen und die Position | 6dschen
Shift+Pfeil rechts Leer zei chen an der Cursorposition einflgen
Shift+Pfeil 1inks Zei chen an der Cursorposition | 6schen
Shift+Pfeil runter Leerzeil e einfigen
Shift+Pfeil hoch Aktuel l e Zeile | dschen
Crl+B Zum Anfang des Quel ltexts
Crl+E Zum Ende des Quelltexts
Crl+N 14 Zeilen nach unten
crl+0 14 Zeilen nach oben
Crl+F Text suchen; Suchtext eingeben und Enter dricken
Crl+C Suche mt densel ben Suchtext fortsetzen
Crl+X Edi tor verlassen und zum >-Pronpt zurickkehren

Esc | 6scht imEditor die aktuelle Zeile. Das unterscheidet sich vom BLS- Koormandonodus, wo
Esc nur di e gerade ei ngegebene Befehl szeile | dscht.

6. Conpiler- und Laufzeitfehler
Bei einem Conpil erfehler zeigt BLS ungefdahr Fol gendes:
Conpi |l ation error 64 Press <SPACE>

Nach Druck auf die Leertaste o6ffnet BLS den Editor und stellt den Cursor an oder
unm ttel bar hinter die verdachtige Stelle.

Ei n Laufzeitfehl er sieht ungeféahr so aus:
Runtime error xx at $nnnn

nnnn ist ein Ofset innerhalb des erzeugten Objektcodes, keine absolute Adresse. Am
>-Prompt genlgt anschli elRend:

F

BLS konpiliert den Quelltext im Suchmodus und positioniert den Editor bei der zumletzten
Lauf zei tf ehl er gehdrenden Anwei sung.

7. Speicherhinweis fir unsere $A000- ROM Ver si on

Mt Ml asst sich die aktuelle Speicheraufteilung anzeigen. BLS Pascal |egt Quelltext und
oj ekt code zusamenhdngend i m RAM unt er hal b des ROVs ab.

Bei unserer Bel egung begi nnt das BLS- ROM bei $A000. Der automati sche RAM Test trifft dort
auf ROM und betrachtet deshal b normal erwei se $A000 al s obere Grenze des zusammenhangenden
Arbei t sspeichers. In unserer angepassten V1.3 begi nnt der Pascal - Quel | text bei $1000
statt wi e i mw edergefundenen RAM Abbild bei $4000. Damit steht BLS Pascal der
zusanmenhangende Berei ch $1000- $9FFF fir Quel | text, erzeugten Objektcode und seine
wachsenden Arbeitsberei che zur Verflgung.

Damit Conpil er-Arbeitsbereich und Stack nicht bei de an $A000 begi nnen und

i nei nander | auf en, verwendet unsere ROM Fassung fur Conpiler- und Progranm aufzeit den
St ackzei ger $0000. Der Stack wachst dadurch ab $FFFF i m oberen RAM nach unten.

Nor mal er wei se steht i hm $E000- $FFFF zur Verfugung; $D000- $DFFF bl ei bt bei aktiver
FDD- Konfi gurati on NAS-DOS vorbehalten. Der Stack darf diese G enze nicht erreichen.

Das zusatzliche RAM bei $E000- $FFFF wird sonmit fir den Stack genutzt. Es kann wegen der
ROM Licke $A000- $CFFF ni cht al s zusammenhangender Quel | -/ Cbj ekt spei cher verwendet
wer den.

8. Nutzliche Sprachelenente fir den Anfang

V1.2 und das V1. 3-Abbild enthalten unter anderem
- Typen | NTEGER, REAL, BOOLEAN und STRI NG
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- IF ... THEN ... ELSE, CASE, WHI LE, REPEAT ... UNTIL und FOR ... TQ DOMNTQO

Prozeduren und Funkti onen;
- READ, READLN, WRI TE und WRI TELN;
- Nascom Erwei terungen wi e SCREEN, PLOT, |NP und QUT.

Fur die ersten Versuche enpfiehlt es sich, bei einfachen Integer-Programen,

WRI TE/ WRI TELN und kurzen Zeilen zu bl ei ben. Danach kénnen wir die Gafik-, Port-1/O und
Dat ei - Er wei t erungen gezielt untersuchen.

Quellen und Versionshinweis

- Historisches BLS-Pascal -V1. 2- Handbuch:
https:// nascomhomepage. com mirror.jl oh. de/ pdf /bl spas. pdf

- Nascom Hone Page: Wederfund von V1.3: https://nascomhonepage.commrror.jloh.de/
- Lokal es V1.3-ROM und Disassenblerlisting in di esem Proj ekt

Das V1. 2-Handbuch beschrei bt den Progranmstart und eini ge Adressen sei ner Band- und
urspringli chen ROM Version. Diese historischen Adressen gelten nicht fir unsere
Rel okation. Fir dieses Projekt sind $A000 (Kaltstart) und $B140 (VWarnstart) nafRgeblich.
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ADDENDUM 07
NASCOM Control Agent - GJ Interface

Thi s docunment describes the TCP interface of CONTROL.NAS. It is

i ntended as a foundation for a custom W ndows, Linux, or web GU.

Overvi ew

The Control Agent runs on the enul ated NASCOM Z80 and provi des menory access,
port 1/0O and execution of Z80 code.

- Agent file: CONTROL. NAS

- Load address: 4000h

- NASSYS start command: E 4000

- Menory occupi ed by the agent: 4000h through 46DCh, i nclusive

- Agent target: |Pv4 address entered at startup, TCP port 2323

- FPGA TCP socket used: 2

- Maxi mum payl oad per protocol frame: 120 bytes

- Protocol identifier: N2C, version 1

Inportant: the NASCOM is the TCP client. The QU nust first open a TCP |istener
on port 2323. Only then should CONTROL. NAS be started with E 4000. The agent
asks for the QU 's | Pv4 address on the NASCOM screen. Enpty input selects
192.168.4.123; the port remains fixed at 2323. The NASCOM t hen connects from
its configured | P address and a dynamic |ocal port to the GU .

The default address and fixed port are stored in the six-byte TARGET field in
CONTROL. asm four |Pv4 bytes followed by the TCP port in network byte

order. Startup input replaces the first four bytes; the port bytes renain

09 13 for port 2323.

Reconmended connection sequence
1. Start a TCP listener on the desired |ocal |Pv4 address and port 2323.

2. Start CONTRCL.NAS with E 4000 and enter the |istener address; enpty input
sel ects 192.168. 4. 123.
3. Accept the connection fromthe NASCOM
4. Vit approxinmately one second after accept().
5. Send a PING with sequence nunber O.
6. Validate the response. The expected payload is 4E 32 43 01, neaning
"N2C' and protocol version 1.
7. Thereafter, send exactly one request at a time and wait for its conplete
response.
The agent does not send an unsolicited greeting after establishing the TCP
connection. The GUI's first PINGis the protocol handshake.
A useful QU state sequence is:

LI STENI NG - > CONNECTED - > HANDSHAKE - > READY -> BUSY -> READY

QUIT, a broken TCP connection, or an error in executed Z80 code term nates
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the session. The GJ nust then listen again and the agent nust be restarted.

TCP is a byte stream

A call to recv() does not necessarily return exactly one protocol frane. A
frame can be split across several TCP segnents, and several frames can arrive
together. The GUI nust buffer bytes and use the magic value, length field, and
checksum to assenbl e conplete franes.

The reconmended i npl enent ati on uses stop-and-wait operation:

- allow at npbst one outstanding request;

- read the conplete response;

- validate command and sequence nunber;

- only then send the next request.

Request frane
O fset Size Meaning

00h 2 Magi c: 4E 32 (ASCII "N2")
02h 1 CVD
03h 1 SEQ
04h 1 ARG H
05h 1 ARG L
06h 1 LEN
07h LEN optional payl oad
1 XOR checksum

Short form

4E 32 CMD SEQ ARG H ARG L LEN [ PAYLOAD] XOR
ARGH: ARGL is a 16-bit value in network byte order, high byte first. For
nenory conmands it is the Z80 address. For port conmands, the |ow byte ARG L
is used as the 8-bit port nunber.

Response frane
O fset Size Meaning

00h 2 Magic: 32 4E (ASCII "2N')
02h 1 Response conmand: CMD OR 80h
03h 1 SEQ from the request
04h 1 STATUS
05h 1 response payl oad LEN
06h LEN optional payl oad

1 XOR checksum

Short form
32 4E (CMD| 80h) SEQ STATUS LEN [ PAYLOAD] XOR
The QU nust verify that the response command equals CVD | 80h and that the

sequence nunber natches the outstanding request.

XOR checksum

The two magi c bytes are not included in the checksum The XOR checksumis the
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XOR of every byte from CVD through the final payl oad byte.
checksum = CMD XOR SEQ XOR ... XOR final payl oad byte
A convenient validation of a received frane is:
XOR(CMD t hrough and including transmtted checksum byte) == 00h
Pyt hon exanpl e:
def xor_checksum(data: bytes) -> int:
value = 0
for byte in data:
val ue "= byte

return val ue

Sequence nunber
SEQis a freely assigned 8-bit counter maintained by the GU. Start at 0 and

i ncrenent nodul o 256 after each request:

00, 01, 02, ... FE, FF, 00
The sequence nunber detects del ayed responses and responses that do not bel ong
to the outstanding request. Neverthel ess, only one request should be

out standi ng at any tine.

Conmmands

| CVMD | Nanme | ARG | Request LEN payload | Success response
[---tl---1---1---]---

| 01h | PING | 0000h | LEN=O | 4 bytes: 4E 32 43 01 (N2C, version 1)

| 10h | MEMORY_READ | Z80 address | LEN=1..120, no request payload | exactly LEN nmenory
bytes |

| 11h | MEMORY_WRITE | Z80 address | LEN=1..120, exactly LEN payl oad bytes | enpty
response

| 20h | PORTIN | port in ARGL | LEN=0O | one byte read fromthe port
| 21h | PORTQUT | port in ARGL | LEN=1, one payload byte | enpty response

| 30h | EXEC | Z80 address | LEN=O | enpty response, followed by execution at the address
I

| 7Fh | QU T | 0000h | LEN=O | enpty response, followed by connection shutdown
PI NG (01h
PI NG serves as both the handshake and a connection test.

Request w th SEQ=00h:
4E 32 01 00 00 00 00 01

Response
32 4E 81 00 00 04 4E 32 43 01 BB

Read nenmory (10h)

ARGH: ARGL contains the start address. LEN specifies the requested nunber
of response bytes and nust be between 1 and 120. Despite the nonzero |length
field, the request contains no payload: for MEMORY_READ, LEN describes the
response | ength.
Exanpl e: read 16 bytes at address 0000h, SEQ=02h

Request : 4E 32 10 02 00 00 10 02

Response: 32 4E 90 02 00 10 [16 menpbry bytes] XOR
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The QU nust split larger reads into blocks of at npst 120 bytes. A bl ock
shoul d not cross the FFFFh -> 0000h boundary.

Wite nmenory (11h)
ARCH: ARGL contains the start address. LEN nust be between 1 and 120 and

nmust exactly match the nunber of follow ng payl oad bytes.
Exanmple: wite 01 02 03 to 4700h, SEQ=5Ah:
Body: 11 5A 47 00 03 01 02 03
Request : 4E 32 11 5A 47 00 03 01 02 03 OF
Response: 32 4E 91 5A 00 00 CB
The agent itself does not protect its menory range. A GU should block wites
to 4000h. .46DCh by default. This protection in the supplied Python programis

a host-side feature, not part of the binary protocol.
Read port (20h
The port nunber is stored in ARGL; ARCGH should be 0. LENis 0. The

response contains exactly one byte.
CMD=20h, ARG=0002h -> [N A, (02h)

Wite port (21h)
The port nunber is stored in ARGL. LENis 1 and the only payload byte is

the val ue to output.
CMD=21h, ARG=0002h, LEN=1, PAYLOAD=40h -> OUT (02h), 40h

Execut e Z80 code (30h)

The agent first sends a successful response and then calls the address as a
subroutine. The executed code nust return to the agent with RET for further
GUI commands to be processed.

The response confirms only that the call was accepted. It does not confirm
that the called code has already conpleted. The GU should not send further

requests while external code is running.

End session ( 7Fh)

The agent sends an enpty success response, closes the TCP socket, and returns

to NASSYS. After receiving the response, the QU should expect an orderly TCP

shut down.

Status codes

| STATUS | Meaning |

[---:1---

| 00h | success |

| 01h | unknown comand |

| 02h | invalid length or invalid command paraneters |

| 03h | incorrect XOR checksum |

An error response currently has a payload length of 0. The GU should still
handl e LEN generically and consune that many bytes so future protocol

extensi ons remai n possi bl e.

Robust response parser
Recommended procedure:
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1. Search the receive buffer for 32 4E.

2. Read the next four header bytes conpletely:

| engt h.
Read exactly LEN payl oad bytes.

Read exactly one checksum byte.

Conpar e response conmand and sequence nunber with the outstanding request.

3
4
5. Validate the XOR of response header,
6
7

Display a GU error when STATUS != 0.
Pseudocode:

def receive_exact(sock, count):
result = bytearray()

while len(result) < count:

chunk = sock.recv(count - len(result))

if not chunk:

conmand,

and checksum

rai se Connecti onError (" NASCOM connection cl osed")

resul t. ext end(chunk)

return bytes(result)

def receive_response(sock):

sync = bytearray()

whi l e bytes(sync[-2:]) !'= b"2N":
sync. ext end(recei ve_exact (sock, 1))
if len(sync) > 2:

del sync[:-2]

header = receive_exact (sock, 4)

response_conmand, sequence, status, |ength = header

payl oad = receive_exact (sock, |ength)

checksum = recei ve_exact (sock, 1)[0]

i f xor_checksun(header + payload + bytes([checksuni))
rai se ValueError("invalid response checksuni)

return response_conmand, sequence, status,

Bl ock transfers
For files and | arger nmenory ranges:

- use no nore than 120 bytes per frane;

1= 0:

- advance the address by the block length after each bl ock;

- do not read or wite across FFFFh within one bl ock;

- update progress only after receiving a successful

response;

- do not silently skip the current block after an error.

Exanmpl e of a safe block size:

count = mn(remaining, 120, 0x10000 - address)

GUl _reconmmendati ons

Useful controls include:

sequence,

Page 47
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- connection status and NASCOM source address;

- Connect/Listen and Di sconnect/ QU T;

- hexadeci mal / ASClI | nenory displ ay;

- load and save nenory;

- edit menory and wite it back;

- port nunber, port value, IN, and OUT;

- entry address and EXEC,

- protocol log containing CMD, SEQ STATUS, and |ength;

- progress indication for block transfers.

While in the BUSY state, disable all controls that woul d issue another

request. After losing the connection, return the GU to LISTEN NG

Ref erence i npl ementati on
The conplete tested host inplenmentation is in nascomcontrol.py. The

followi ng functions are particularly relevant to a QU :
- xor _checksum()
- recvexact () and recvresponse()
- NasconControl |l er.transact ()
- readnmenory() and witenenory() for block transfers
- readport(), witeport(), execute(), and quit()
A binary image can al so be | oaded non-interactively, read back conpletely, and
then finished with a clean QU T:

python -u nascomcontrol.py --bind 192.168.4.123 °

--load-file FTP.bin --Ioad-address 5000h

Wth --conpare-file FILE --|oad-address ADDRESS, the sane range is only read
and conpared byte for byte with a PCfile; the tool then term nates the agent
cleanly as well.
The hardware snoke test covers PING ROMreads, reversible RAMwites, port

reads, QUIT, and the return to NASSYS.




