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Introduction

This work stems from the aspiration to bring together 40 years
of activity and knowledge of the Spectrum from several points
of view: historical, technological, cultural and so on. It was
originally designed specifically for the Italian public, since the
vast majority of the documentation used as a source is
exclusively available in English, Spanish and Russian. That
said, it can be valuable for everyone interested in the Spectrum
or in retrocomputing and retrogaming in general.

The four chapters of this volume are arranged in the following
order:

1. New frontiers: here, the most advanced achievements of
the Spectrum enthusiast community are examined, from
new hardware architectures to software coding,
alternative graphic modes and peripherals created on the
basis of the most recent research, to the interaction
between the Spectrum and the PC.

2. Emulation: this chapter focuses on the concept of
Spectrum emulation via software. It deals with file
formats and programs that emulate the hardware of
historical machines, clones and peripherals. The final
part is dedicated to the emulation of other systems on
the Spectrum itself.

3. The Spectrum in Italy: a presentation of the diffusion of
the Spectrum in Italy and of the peculiarities of the
Italian situations.

4. Sources and more: some general suggestions about
websites concerning the Spectrum and everything else
connected with it; a brief view at the only museum

specifically dedicated to it; the bibliography and the list
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of web resources used for this work, plus credits for the
photos appearing in both volumes (except a few ones
whose authors could not be identified at the moment of

publishing).
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From 1993, when the production of the Spectrum was
stopped, to the present day, the community of enthusiasts and
independent hardware and software developers has continued
to work, creating not only clones with extraordinary
specifications, as seen in the previous chapter, but also a large
quantity of peripherals and expansions, new architectures,
extended video modes, utilities and games for the ‘canonical’
Spectrums as well as for their ‘heirs’. Even the historical Sinclair
brand has reappeared, on the ZX Vega video game console and
the ZX Spectrum Next — the latter, in particular, aims to
establish a continuity with the official line. There is no doubt
that this phenomenon received huge impetus from the spread
of the Internet and the practice of emulation, discussed in the
second chapter.

In the following pages, a profile of this path is traced through
the examination of hardware systems specifically connected to
the Spectrum. It starts from those reassuming the Sinclair
brand, then moves on to peripherals, alternative video modes,
operating systems, utilities and games. It must be said that the
amount of hardware and, above all, of software produced for
the Spectrum by enthusiasts in the last two decades is such that
it cannot even allow a completely exhaustive discussion here.
Therefore, this chapter will deal with the most incisive
innovations, and, for the Next, the fundamental features.
Chapter four, where sources are listed, includes the indications
for finding information on everything else.

This chapter does not deal with applications for creating and/or
manipulating files for emulators; they are discussed in the next
one.

This work is released under a CC BY-NC-ND 4.0 International license.
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SINCLAIR-BRANDED SYSTEMS

ZX SPECTRUM NEXT

The ZX Spectrum Next was born as an evolution of the
TBBlue, a motherboard designed by Victor Trucco and Fabio
Belavenuto and based on the Brazilian Spectrum clone
Microdigital TK95. Together with Henrique Olifiers, also
Brazilian but resident in the United Kingdom for some time,
the three, initially almost as a joke, planned to transform the
TBBlue into a complete remake of the Spectrum and involve
Rick Dickinson, the great designer responsible for the
unmistakable style of all Sinclair computers from the ZX80 to
the QL, into the project. Subsequently, several other developers
joined, and at the beginning of 2016 the design phase of the
new home computer began.

The fundraising campaign on Kickstarter starts in April 2017
with an initial goal of £250,000, which is reached after about a
day and a half. Eventually £723,390 will be raised from 3,113
supporters. After the delivery of ‘naked’ motherboards, which
took place as early as the end of 2017, complete units were sent

This work is released under a CC BY-NC-ND 4.0 International license.
Commercial distribution by any means is prohibited.
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TECHNICAL SPECIFICATIONS

Processor

Z80N at 3.5 MHz with ‘turbo’ modes at 7,
14 and 28 MHz

RAM

1 MB (internally expandable to 2 MB)

Video

2, 15, 256 and 512-colour modes at 256x
192, 320x256, 512x192; hardware sprites,
expanded ULA, Layer 2, Tilemap, Copper

Audio

9 channels via 3 AY-3-8912 stereo chips,
plus 2 8-bit DACs

Keyboard

58 independent plastic elements on a
synthetic rubber mat and underlying 5-
layered contact membrane; multi-function
cursor; automatic repetition for all keys,
with user-definable interval and acoustic
signal

Joystick

2 Cursor, Kempston and Sinclair
compatible ports

Mass storage

Combined MIC/EAR input/output for
loading from and saving to tape; SD card
input compatible with DivMMC protocol

Connectivity

RGB, VGA, HDMI at 50/60 Hz video
outpu PS/2  port for mouse with
Kempston emulation or external keyboard;
expansion port; accelerator card connector

Optional hardware

Accelerator card with graphic processor, 1
Ghz CPU, 512 MB RAM, Wi-Fi module,

real time clock

Operating system

NextZXOS and NextBasic with expanded
command set; Multiface functionality for
memory access, snapshots, cheats etc.

Dimensions (mm)

330x145x25

This work is released under a CC BY-NC-ND 4.0 International license.
Commercial distribution by any means is prohibited.



10 Alessandro Grussu

to backers. The enthusiastic reception of the Next then
prompted the group of developers — who unfortunately lost
Dickinson, passed away in April 2018 — to launch a second
campaign on Kickstarter. It was even more successful than the
first, accumulating as many as £1,847,106 given by 5,236
backers.

THE OUTSIDE

cos The Next takes

3@l

1

up the main
design lines and
proportions  of
Xt | (5 the 128, and thus
sets itself already
on a path of ideal

continuity from

this  point  of
view. The plastic case is carefully assembled: the keyboard
layout fully retains the appearance of the Plus and 128, with
keywords and symbols engraved in white at the top of each key.
To the touch, it is more comfortable than the original, both in
typing and in gaming use, since the keys offer less resistance to
pressure and are almost flat rather than concave, without the
edges of the ‘old type’ ones. However, it is possible to use a
PS/2 keyboard, or a USB one equipped with a special adapter,
through the connector on the back. This can also be employed
to attach a mouse for use with programs compatible with the
Kempston mouse.

The elegance of the whole is then revealed in the group of four
coloured plastic arches, placed on the right side, recalling the
typical red-yellow-green-blue four-colour stripe, associated
with the Spectrum since its first appearance. This element is

This work is released under a CC BY-NC-ND 4.0 International license.
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only apparently decorative — its function is precisely to
underline the Next’s descent from the original series.

During the prototype’s assembling stage, the red arch was
ordered from the manufacturer twice, because the first came
out in a sort of orange colour, too different from that of
previous Spectrums. This gives an idea of how much care the
design team took in transferring the Next from an abstract
drawing to a real object, even in the most minute details. Also
to notice is the rounded ‘Sinclair’ logo.

The back of the machine shows a series of connectors:
VGA/RGB and HDMI video outputs, the stereo audio output
and combined EAR/MIC output to connect a tape recorder
(for both loading and saving), two USB Mini-A ports, the
aforementioned PS/2 connector and the expansion port,

This work is released under a CC BY-NC-ND 4.0 International license.
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protected by a cover. The two joystick ports are located on the
front.

N o o o o o o o

DIGITALVIDEO DEBUG s use

R &
DIGITALVIDEO - MIC our RGBIVGA  KEYBOARDIMOUSE

THE ‘PERSONALITIES’

The Next can take on different ‘personalities’, thanks to the
internal structure based on an FPGA —Field Programmable Gate
Array — Xilinx Spartan 6 architecture. In very simple terms, an
FPGA is a set of circuits that can be arranged and connected to
each other in real time, so as to faithfully reproduce the
operation of multiple platforms. In this case, the historical
Spectrum models, including the 128 Investronica, and others
such as the Brazilian Microdigital clones (not surprising, given
the origins of the Next’s creators), or alternative ROMs for the
48K like the GOSH Wonderful. There is also a setting that
enables the timings of clones developed in the USSR. Itis much
more, then, than a simple emulation. Beyond the remarkable
charm of being able to handle an ‘exotic’ machine without
resorting to emulation on a PC, for a developer there is the
indisputable advantage of being able to test the compatibility
of their software even on these platforms, which although being
less widespread still maintain their own user base.

The Next’s operating system, called NextZXOS, is stored on a
supplied SD card, also necessary for updating the firmware and
for hosting software to be run on the computer. In practice,
everything the machine has to be ‘fed” with goes on the SD
card, or another one which should include the necessary system
files anyway, indispensable for booting up the computer.

This work is released under a CC BY-NC-ND 4.0 International license.
Commercial distribution by any means is prohibited.



Spectrumpedia
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Components of an ‘accelerated’ ZX Spectrum Next:

1)
2)
3)
4)
5)
6)
7)
8)
9)

FPGA chip

Keyboard connectors

Integrated 1024 KB RAM

Optional 1024 KB RAM on sockets

Reset button

DivMMC non-maskable interrupt button
SD card reader for the integrated DivMMC
CPU non-maskable interrupt button

PS/2 connector

10) VGA/RGB analog video output
11) Expansion port

12) 9V power input

13) Atari-type joystick ports

14) Raspberry Pi Zero accelerator
15) Analog audio output

16) EAR/MIC connector

17) HDMI audiolvideo output

13

Components 15-17 cannot be seen in the photo because they are
covered by the accelerator card.

This work is released under a CC BY-NC-ND 4.0 International license.
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The 3.5 mm jack for loading from tape (and also for saving,
since it combines the functionality of EAR and MIC) can only
be employed when the Next is on. Among the ‘personalities’,
there is the 128 with the DivMMC interface, which requires
the ESXDOS system files to be copied on the SD card. This
feature is particularly useful for those who already have such an
interface and wish to load games, demos and applications
already prepared for use with that device on the Next.

As additional hardware, the ‘accelerated’ configuration mounts
an auxiliary Raspberry Pi Zero daughter board, which includes
a graphics co-processor, a Wi-Fi module and a real-time clock.
It has to be used within the main personality.

VIDEO MODES AND SCREEN MANAGEMENT

Video outputs are RGB, VGA and HDMI at 50 and 60 Hz.
The best image quality is obtained with HDMI: pixels appear
clearly distinct from each other, colours are bright and without
‘smudging’, and elements on the screen move smoothly.

This setting, however, has the drawback of not displaying
multicolour — the effect obtained with graphic routines like
BIFROST*, NIRVANA or similar — properly. The problem, as
explained by the developers of the Next themselves, is due to
the very nature of HDMI, which is more complex than VGA,
and is not easy to solve. It is not a critical defect: after all,
multicolour only appears in a small number of games and
demos. However, when the Next is required to run software
implementing these routines, there is no choice but ‘falling
back’ on the VGA output, whose image quality is not in the
same league of HDMI, although higher than RGB/SCART.

This work is released under a CC BY-NC-ND 4.0 International license.
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1 1
HMode ?/S'IaH.'Z/scan*E

elects mode
= to next

Test screen displayed by the ZX Spectrum Next during
the video mode selection procedure

VGA modes are indicated by a number ranging from 0 to 6
and can, like HDMI, run at 50 or 60Hz. For a faithful
recreation of the Spectrum, however, VGA 0 at 50Hz gives the
best result, as the others cause an increase in the internal clock
frequency clearly shown by a noticeable upward shift of audio
frequencies. In other words, sounds are transposed up by a
semitone with each mode change.

In any case, it is necessary to be armed with a certain amount
of patience and check which of the modes ensures the greatest
compatibility with the monitor, especially when it has an aspect
ratio different from the 4:3 of the traditional Spectrum video
image. To avoid getting a ‘squashed’ image on a 16:9 or similar
screen, it is required to change the monitor settings until the
desired image is displayed.

This work is released under a CC BY-NC-ND 4.0 International license.
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The VGA connector, unlike the HDMI one, does not carry the
audio signal as well. To hear sounds produced by the computer
a 3.5 stereo jack cable is therefore needed to connect the
AUDIO OUT socket of the Next to an external speaker. This

must also be done if the monitor does not have any speakers.

The Next allows you to manipulate the screen through four
layers numbered from 0 to 3. Layer 2 can be assigned a priority
bit so that what is displayed on it can ‘cover’ everything else,
such as in the case of an element displayed upon a background
in an animated scene. Other new features are a memory area
dedicated to 16x16 sprites, viewable up to a maximum of 64 at
a time, and the possibility of establishing a RAM block as the
Tilemap, in order to store 8x8 and 16x16 graphic elements.
Layer 3 and the sprite area also include the BORDER part, thus
reaching a maximum resolution of 320x256 pixels. In addition
to the video mode inherited from the historical Spectrum, there
are two taken from the Timex Sinclair TS 2068: HiColour with
32x192 blocks of 8x1 pixels each, with specific attributes, and
HiRes, 512x192 at two colours. Also present are the ULAplus
and the two Radastan and LoRes Layer modes (the latter is also
called Radasjimian). Both of them feature 128x96 blocks of 4
pixels each in a square pattern, which can take a single colour,
with a maximum of 16 or 256 on-screen colours respectively.
Layers 1 and 2 and the sprite area are arranged in 8 possible
combinations using the LAYER OVER command, while
PALETTE activates the expanded ULA functionality. The
latter ignores the BRIGHT and FLASH values and ensures that
INK and PAPER can assume up to 256 different values, taken
from a palette of 512 total colours, for each individual pixel.
Layer 3 has two graphics and text modes as well, at 320x256
pixels, 40x32 attribute blocks, and 640x256, 80x32 attribute
blocks, both with 16 colours from a maximum of 256. They
are not directly accessible from NextBASIC.

This work is released under a CC BY-NC-ND 4.0 International license.
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THE PROCESSOR AND THE COPPER

The Next's CPU is called Z8ON. It is similar to a traditional
780, but has some additional instructions and can operate at
frequencies of 3.5, 7, 14 and 28 MHz.

The Next includes a co-processor called Copper, a term taken
from the eponymous mode of the Commodore Amiga’s Agnus
chip. Its task is to update the Next’s internal registers at regular
intervals, synchronizing them with the screen refresh. Examples
of Copper use are: sending sound samples to the audio
circuitry, making rapid colour changes on the screen to obtain
particular visual effects, modifying the priority of Layer 2,
enabling or disabling the layers’ modes and even more.

THE OPERATING SYSTEM

Written by Garry Lancaster, NextZXOS is the operating
system of the Next and an evolution of the +3¢/IDEDOS, also
the work of Lancaster, in turn derived from the +3DOS of the
Spectrum +3. The main features of NextZXOS are:

e FAT16 and FAT32 support;

e compatibility with IDEDOS/+3DOS;

e long file name support;

e  proper subfolder/subdirectories;

e memory management facilities;

e virtual file systems in tape and disk images;

e menu-driven file manager with associations;

e ESXDOS emulation for every Spectrum-compatible
machine with ‘dot’ commands support;

e automatic execution of software on boot;

e command-line interface;

This work is released under a CC BY-NC-ND 4.0 International license.
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e data streaming support;

e virtual memory support (swap partitions);

e timekeeping facilities;

e disk and file management on 48K legacy modes;

e compatibility with all ZX family computers;

e support for several snapshot formats;

e multi-lingual and multi-font capabilities;

e cxtended windowing facilities;

e increased speed of operation compared to the previous
versions;

e proper CP/M 3 compatibility.

The programming language for interacting with NextZXOS is
NextBASIC, based on Sinclair BASIC with the addition of
several new features, some specific to the Next, others borrowed
from other BASIC ‘dialects’. Among the former, there is the
display management by means of the SPRITE, LAYER and
PALETTE commands and memory bank management with
BANK. The latter include: the ON ERROR command to
direct program flow in the event of an error; DEFPROC,
PROC and ENDPROC for the creation of procedures capable
of accepting up to 8 parameters; REPEAT, WHILE and
REPEAT UNTIL to build more complex loops than those
based on the canonical FOR and NEXT.

THE MEMORY

The Next's memory follows the traditional distinction between
ROM and RAM, where the ‘real’ ROM does not identify with
the computer’s operating system as in the Spectrum, but
contains the configuration of the FPGA board. The ROM of
the personality selected by the user is recalled from a special
INI configuration file present on the SD card hosting the

This work is released under a CC BY-NC-ND 4.0 International license.
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NextZXOS operating system and ROMs of other personalities,
then copied to a special portion of the RAM that cannot be
modified by the user, thus behaving like a ROM.

The RAM portions take the name of ‘banks’ in the Next too.
Their configuration changes according to the current active
personality. There are two: standard and MMU (Memory
Management Unit). In both cases, the CPU can address a total
of 65,536 memory locations at a time, as usual.

ROM RAM
16K 16K 16K 16K
200000 16384 232768 249152 65535,
0000h 4000h 8000h Co00h  FFFFH

ZX Spectrum Next standard memory configuration

The standard configuration follows that of the historical
Spectrum: it is divided into four compartments of 16 KB each,
of which the first houses the ROM. As in the +3, there are four
banks available for the ROM, and 48, or as many as 112 in the
Next expanded to 2,048 KB, for the RAM. The total amount
is 832 KB, the rest is for other uses, such as for the DivMMC
interface’s memory. The total available RAM is therefore 768
KB, which becomes 1,792 in the expanded Next. Banks are
managed through a specific BASIC command, BANK. In
general, banks 9 and up are always available, and can be
accessed by means of the BANK command, while for the others
the following conditions apply:

e  bank 0 can be used after a CLEAR that sets RAMTOP
below address 49152;

This work is released under a CC BY-NC-ND 4.0 International license.
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bank 2 can be used after a CLEAR that sets RAMTOP

below address 32768;

banks 1, 3, 4 and 6 can be used after issuing a BANK

1346 USR command;

banks 7 and 8 can never be used;

bank 5 should be used with caution, as it contains the
screen area and 48K system variables.

By default, banks 9, 10 and 11 are used by Layer 2, but can be

employed for other purposes if Layer 2 is not being used or if

they have been reassigned with a LAYER BANK command.

Thus, on boot the four 16 KB slots contain the ROM and

banks 2, 5 and 0 respectively.

Bank | Description Range
0 Standard Spectrum 48K memory 49152-65535
1 RAM disk
2 Standard Spectrum 48K memory 32768-49151
3 RAM disk
4 RAM disk
5 Standard Spectrum 48K memory 16384-32767
6 RAM disk
7 NextZXOS workspace and data structures
8 NextZXOS additional screen data and other

9-111 | Available for user programs

Default allocation of the ZX Spectrum Next's memory banks

The MMU configuration is more flexible and allows for the
partition of CPU accessible memory into 8 slots of 8 KB called
Memory Management Units. Each of them can contain an 8
KB RAM bank, therefore in this configuration the RAM

includes 96 banks, or 224 on an expanded Next.

This work is released under a CC BY-NC-ND 4.0 International license.
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o, 8192 24576 240960 057344
2000h 6000h A000h E000Oh

MMUO__ IMMUT__IMMU2 _IMMU3__ [MMU4__[MMUS __IMMU6 __IMMU7
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However, this does not mean that the computer’s memory can
haphazardly accommodate everything. Just like the other
Spectrums, the Next has a memory map too, which essentially
recalls that of the previous models.

©
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ZX Spectrum Next memory map

The NextZXOS menu system is based on that seen from the
128 onwards and includes numerous items. The one displayed
at start-up lists: a browser for files stored on the SD card; the
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command prompt, mainly dedicated to operations with disk
devices (both real and virtual); the NextBASIC editor for
programming, with support for 64 and 85 characters per
column in addition to the canonical 32, and the ability to
reorder line numbers of programs being written; the calculator;
tape loading. Other menus allow for the use of CP/M
functionalities, loading data stored on Sinclair ZX Interface 2
or Dandanator cartridges in both 48K and 128 mode and set
the classic 48K and Plus command prompt. It is also possible
to change the processor frequency between 3.5, 7, 14 and 28
MHz.

NextZXOS bootup menu
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ZX SPECTRUM VEGA/VEGA+

—
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On 8 July 2015, in the meeting room of the Highgate Road
Chapel in London, the first Sinclair-branded hardware system
since the APC386SX was officially presented: the ZX Spectrum
Vega, or simply the “Vega’ for short.

Chris Smith, former author of Spectrum games and expert of
the Sinclair computer’s ULA, drew inspiration for the Vega
from the TV-connectable joystick including 30 games for the
Commodore 64. In 2012 Smith conceived a similar product,
called ‘Spectrastick’. From a meeting held in London that year
in September came the idea of creating a console that echoed
the lines of the Spectrum itself. With Clive Sinclair’s support,
Retro Computers Ltd (henceforth, RCL), a company aiming at
carrying out the project, was founded. Then, a subscription was
launched on Indiegogo, which quickly raised £155,682, well
over the planned goal of £100,000. The initial production run
at SMS Electronics Ltd’s facility in Beeston, Nottinghamshire
was of 1,000 units, to be distributed to fundraising patrons in
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Germany, France, Italy, Spain, USA, Australia and other
countries as well as in the United Kingdom. At the time of
release, a second batch of 3,000 units was scheduled for market
launch at a price of £100 (about €140) each.’!

The Vega is a small video game console: dimensions are
18x10x2 centimeters and weight is very light, about 200
grams. It has to be connected to a TV through the RCA
composite input and is compatible with PAL and NTSC
systems. The external aspect shows on the left a red directional
cross, on the right four buttons for commands such as fire,
jump and so on; the vast majority of Spectrum games — at least
arcade ones — do not use any more. Small buttons call up the
options and game selection menus, superimposed while the
currently running title is paused. As a whole, the Vega recalls
the look of the 16/48K Spectrum; not even the four-colour
strip in the lower right corner is missing. This is no
coincidence, since the console was designed by Rick Dickinson.

One of the most important improvements in the test phase was
the modification of the length of the ‘teeth’ operating the
micro-switches placed under the directional cross, made in a
single piece, in order to strengthen the impression, on the part
of the user, of the correspondence between physical action
(pressure on the device) and on-screen results.” The material of
keys and buttons resembles the silicone-based compound of
early Spectrums’ keyboard mats.

The ‘heart’ of the Vega is an ARM SOC (System On a Chip,

that is to say, a circuit including, besides the central processor,

' Author’s interview to Chris Smith at the Vega presentation,
www.gamesark. itfmostra_speciale.asp?c=167201520002716132
% Ibidem.
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controllers to manage the other components) microcontroller
containing the necessary firmware to interpret and execute the
code of the games, stored in turn on a 16 MB SDRAM. The
actual ‘library’ containing data to be recalled from time to time
consists of a 64 MB SPl (Serial Peripheral Interface, a
synchronous serial communication full-duplex bus) flash
memory.
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ZX Spectrum Vega inner view

All this is placed on a motherboard equipped with an input for
a Micro SD expansion card, on which programs can be stored
in formats readable by the Vega, i.e. TAP tape images or Z80
and SZX snapshots. This system allows for firmware update:
once the code is saved on the Micro SD card, the console
recognizes it and automatically makes the necessary changes.
The Vega is able, without further hardware additions, to
emulate both the audio beeper and the General Instrument AY-
3-8912 sound chip mounted on Spectrum models from the
128 onwards, and to display additional colours for those games
that employ the ULAplus advanced video mode.
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Since it receives power for its operation through a special USB
port, by means of an external power supply unit or by
connecting directly to another USB port that may be present
on the TV, the console does not require batteries.

Cousin Horace on the ZX Spectrum Vega

Around a thousand games are distributed with the console,
including some Ultimate titles, of which Rare, owner of the
related rights, has for years denied distribution in digital form.
A somewhat extravagant feature is that some text adventures
are also included in this starter set. There is a way to enter text
through a combination of movements with the directional
cross, namely by selecting characters on an overlay window,
similar to what happens with the options menu. However,
typing commands into the parser that way requires enough
patience to make it functional only when you need to enter
keywords in order to advance to the next levels of a game
spanning across different parts.
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In February 2016, a second fundraising campaign was
launched on Indiegogo for another console capable of running
Spectrum games, but this time it would have been a fully
portable one. Also designed by Dickinson, the new console,
called ZX Spectrum Vega+, would have been equipped with a
small liquid crystal display, and, like the previous model, a
thousand pre-installed games, with the possibility of loading
others through a MicroSD card.

ZX Spectrum Vega+

The campaign was overwhelmingly successful: just 48 hours
after its start, the initial target of £100,000 had already been
exceeded. The market launch was set for September 2016, still
at a price of £100. 4,772 backers funded the project, gathering
together a total of £512,790.°

Nonetheless, on 8 April 2016, shortly after the campaign’s end,
Smith and managing director Paul Andrews resigned from their
positions at RCL, citing ‘irreconcilable differences’ with the

* www. indiegogo. com/projects/the-sinclair-zx-spectrum-vega-plus-console
(click on ‘About this campaign’)
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company’s general manager, David Levy.* This was followed
by a series of announcements, issued by RCL over the next two
years and promptly disproven by facts, about the
manufacturing and distribution of the first units, thus fueling
a very long trail of controversy on the media and social
networks.

Only on 26 July 2018, RCL announced the shipping of a first
batch of 400 units, for those subscribers who had agreed to
receive the console without preloaded games (except for a
group of 18 titles, the work of Jonathan Cauldwell), since the
company had announced that it was no longer able to maintain
the rights to them.” Early comments were mostly negative: in
particular, the poor quality of materials and build was
highlighted.® Another reason for controversy was the discovery
that the Vega+ emulated the Spectrum through Philip
Kendall’s open source FUSE emulator, unbeknowst to him.
Moreover, FUSE’s GNU GPL version 2 distribution license
and source code were not provided with the console.”

On 1 August, Sky Group Ltd, owner of the rights to the
Sinclair brand obtained in July 2007 following the acquisition
of Amstrad, confirmed the announced definitive revocation of

4 Rhiannon Williams, Retro computer project directors row, 9 August
2016, www. bbc.com/news/technology-37023310

> Matt Wales, Backers have finally started to receive the beleaguered ZX
Spectrum Vega Plus, 30 July 2018, www.eurogamer.net/articles/2018-
07-30-backers-have-started-to-receive-the-beleaguered-zx-spectrum-vega
-plus-but-early-impressions-arent-great

¢ Leo Kelion, Vega+ to be stripped of Sinclair and ZX Spectrum brands,
1 August 2018, www.bbc.com/news/technology-45024267

7 Gareth Cornfield, ZX Spectrum Vega+ blows a FUSE: It runs open-
source emulator, 9 August 2018, www. theregister.com/2018/08/09/zx_s
pectrum_vega_plus_hands_on_review/
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their concession to RCL, which, in fact, meant for the
remaining backers the end of their hopes of receiving the
console. This sparked further arguments between Levy and his
former partners.®

In February 2019, RCL went into liquidation at the request of
Private Planets Ltd, headed by a former director of RCL, Janko
Mrsic-Flogel.  Since then there have been no further
developments; Vega+ patrons have given rise to several
initiatives to get their money back, but their outcome is still
uncertain.

8 Matt Wales, Maker of the troubled Vega Plus told it can no longer use
Sinclair and ZX Spectrum trademarks, 1 August 2018, www.eurogamer
.netlarticles/2018-08-01-maker-of-the-troubled-vega-plus-told-it-can-n
o-longer-use-sinclair-and-zx-spectrum-trademarks
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SPECIFIC COMPLETE SYSTEMS

HARLEQUIN

The Harlequin is a work in progress by independent developers
from different parts of the world. Initially born as a project to
study the workings of the Spectrum ULA, it was gradually
expanded, eventually becoming a new and interesting clone.

The story begins in Wales in 2007. Chris Smith, the already
mentioned creator of the Vega and Vega+ consoles, finds some
of his old notes on an EPROM programmer and a display
project. He begins to investigate the ULA of the Spectrum, to
reach a perfect emulation of the computer’s video timings and
repair those Spectrums that suffered damage to the ULA, since
it is very difficult to obtain or replicate exactly. Project
development was carefully noted by Smith on the
www.zxdesign.info website, and in 2009 a working prototype
was presented during a retrocomputing event in Oxford. Smith
gave his brainchild the name of Harlequin.

T W]

Harlequin prototype
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This prototype is able to recreate the operation of the ULA
without using anything other than ordinary, easily available
logic circuits. Based on this experience, Smith published a 324-
page essay entitled The ZX Spectrum ULA: How to design a
microcomputer, where he explained the genesis and structure of
the Ferranti ULA and how the entire Sinclair machine was built
around it.

The Harlequin revised and assembled by J. L. Novellon Martinez
recognizes a DivIDE and its CF card (2012 test)

Smith’s example is followed by an American amateur, known
as Don ‘Superfo’, who designs a printed circuit diagram for the
clone according to the previous indications, but arranged in
such a way that it can be inserted into the case of a 16/48K
Spectrum. This scheme is then further reworked in Spain by
José Leandro Novellén Martinez and Miguel Angel Rodriguez
Jodar. Martinez builds the first example of the Harlequin and
tests it successfully in 2012.

The last revision of the documentation appeared in November
2015. Since then, many other enthusiasts have assembled
‘their’ Harlequins, or made other clones starting from its
architecture.
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ZX-EVOLUTION (ZX-EVO, PENTEVO)

Also known by the abbreviated name of ZX-Ewo, it is a project
carried out by three members of the NedoPC collective: Vadim
Alekseyevich Akimov (‘Lord Vader’), Roman Pavelevich
Chunin (‘CHRV’) and Dmitry Dmitrev (‘DDP’). The first
version, called ‘revision A’, dates back to 2009; it was followed
by revisions B and C. Current technical specifications are:

e quad flat package Z80 CPU at 3.5 MHz (classic mode),
7 MHz (‘turbo’ mode without CPU wait cycles) and 14
MHz (‘mega turbo’ mode with CPU wait cycles);

e 4 MB RAM and 512 KB ROM;

e MinilTX (172x170 mm) mainboard with 2 ZX-Bus
slots and FPGA Altera EP1K50 chip;

e ATMEGA128 microcontroller for peripherals;

e compatibility with PS/2 keyboard and mouse;

e interfaces for: Beta Disk-compatible floppy drive
(WDC1793); IDE (one channel, up to 2 peripherals in
master/slave mode); SD/SDHC memory card; RS232
with USB converter; printer;
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e de-interlaced VGA video output;

e PAL codifier connector;

e AY, beeper and Covox (pulse frequency modulation)
sound;

e compatible with original keyboard and joysticks;

e tape connector (input/output);

e internal real-time clock.

The ZX-Evolution can already emulate the Pentagon 1024 SL
at hardware level (it is also called PentEvo for this reason) and
the ATM Turbo +. If desired, the ZX-Evolution can also work
with an unofficial firmware called ScorpEvo (from Scorpion
Evolution), so that it can clone the Scorpion ZS 256 Turbo +
as well.

CHROME

Made by Mario Prato between 2003 and 2004 based on a
previous project called SpeccyBob, the Chrome features an
architecture based on two Xilinx CPLD (Complex
Programmable Logic Device) chips. It has a 3.58 MHz Zilog
Z80C processor, with the possibility of ‘turbo’ mode at 7 MHz,
and can emulate both the 48K and 128. Includes 160 KB of
RAM, in banks of 16 KB each, as well as 64 KB of ROM for
the BASIC interpreter and floppy drive controller. The latter
has an integrated Plus D interface, therefore allowing for the
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management of up to 2 drives for double-density 3” /2, 800 KB
floppy disks.

The Chrome is also equipped with a standard Kempston
compatible joystick interface, RGB SCART video output,
parallel printer port, 12C interface, jack connector for tape
recorder. Sound is generated by both the common beeper and
the AY-3-8912 chip. An additional interface makes it possible
to employ a common PC keyboard. The author declares 99.9%
compatibility with the original Spectrum, stating that some
demos do not yet run perfectly.

ZX-BADALOC

Designed by Alessandro Poppi in 2006, this clone of the
48/128/+2/+2A/+3 Spectrum owes its name to a typical
expression used in Modena, Italy meaning ‘at full speed’, since
the processor can run at 3.5, 7, 14, 21, 28 and 42 MHz. In
2008 the project undergoes a further evolution with the
transition from a CPLD architecture to one based on a Xilinx
Spartan-3E FPGA. This greatly simplifies its hardware
structure, concentrating the functions of several chips in one
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and eliminating the problem of needing a mass of cable
connections that plagued the previous version.

Video output for VGA monitors at 100Hz vertical is
implemented by means of a scan converter integrated into the
main circuit (ULA3). The converter’s RAM is directly
accessible to the Z80, which allows for a high-resolution video
mode at 320x256 pixels, 4 bits per pixel, in addition to the
standard one and the ULAplus. The firmware and the original
ROMs reside on a flash ROM programmable through a RS-
232 interface. The system RAM consists of 8 banks of 512 KB
each. Sound is produced by both the beeper and the AY-3-
8912 chip.

The Badaloc has a small matrix keyboard, later replaced by the
original one of a 16/48K Spectrum. A mouse, PS/2 keyboard
and programmable 16-input joystick can also be connected to
the clone. A high-speed (1.3 Mb/sec) SD/MMC interface
allows the user to capture snapshots of any running program.
The firmware then makes it possible to change its name (32
characters) as well as its characteristics: Z80 clock, INT mode
and so on. The date and time, read by a special date chip with
a buffer battery, are also saved. The time required to recover a
program captured in 128 mode is approximately 0.12 seconds,
while for 48K mode it is 45 milliseconds. There are a 115
Kbit/sec UART receiver-transmitter and communication
firmware as well, activated by means of a non-maskable
interrupt, which interacts with a Windows program called ZX-
Com. This way it is possible to read from or write to any
memory area, change the processor frequency and other
parameters, and capture a snapshot of the running program.
This snapshot can be saved to disk, read back and sent back to
the hardware, which then resumes execution from the point
where it was stopped.
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ZX-REMAKE

Gennaro Montedoro announced his Spectrum clone on 1
January 2009, indicating its main features: low consumption,
only 360 mA; two 41464 DRAMs for the 16 KB bank; a 62256
SRAM for the 32 KB banks; just two voltages (+5V and +12V,
the latter used only by the LM 1889 chip); possibility of using
the original Sinclair power supply.

The ZX-Remake is designed to be easy to make: compared to
the original, there is a saving of 15 integrated circuits, i.e. 6 for
the 16 KB bank, 7 for the 32 KB bank plus the two 74LS157
chips, which are unnecessary as the 62256 SRAM has all the
addressing lines from A0 to A14, and being static it does not
need to ‘refresh’, since it can be addressed directly by the CPU.
Sound is limited to the classic beeper. The author claims that
the clone is fully compatible with the Spectrum.
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LENINGRAD 2012

This project takes up in its name the legacy of the Leningrad,
the first Spectrum clone marketed in the Soviet Union, in
1987. Announced on 19 November 2011 by Vadim
Mirzhanovich Sabirzhanov on the zx.pk.ru forum,” it is the
continuation of an experimental device, the Leningrad 2010,
by the same author. The Leningrad 2012 clones the 48K
Spectrum and is based on a 6 MHz Z84C0006PEC CPU, with
8 K565RU5 RAM chips and 128 KB DIP-32 flash memory
with SE BASIC firmware. The video circuitry has been
redesigned in order to obtain a more stable image and ensure
compatibility with ULAplus mode. Video output is RGB-
SCART, a connection that also carries the audio signal to the
TV. Other connectors are for PS/2 keyboard, Kempston
joystick, MP3 recorder or player, ZX-Bus and Z-Connector.

ZX-UNO/ZX GO+/ZX-DOS/GOMADOS+

The ZX-Uno project was started in Spain in 2013 with the aim
of creating a clone of the entire Spectrum range, taking
advantage of the possibilities offered by FPGA architecture.
Opver a period of three years, it reached its goal.

0 zx-pk.rulshowthread,phpip=437581
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ZX-Uno

The ZX-Uno takes on the personalities of the 48K and 128
Spectrum and of the Russian Pentagon clone. Others, up to a
maximum of 8, can be assumed if ‘cores’, i.e. instructions for
setting up the FPGA circuitry according to a certain platform’s
hardware architecture, are added to the firmware. Available
cores include, among others, the Commodore 64, Amstrad
CPC 464, SAM Coupé, BBC Micro, Apple II and Atari
800XL, plus the Sega Master System and Nintendo NES video
game consoles. Clock frequency can range from the canonical
3.5 MHz to 7, 14 and 28 MHz. Video modes, in addition to
the classic one, include the 8x1 and HiRes 512x192, seen on
the Timex Sinclair TS 2068, Radastan and the ULAplus. It also
features composite video output, PS/2 connectors and
Kempston mouse, multi-standard joystick port (Kempston,
Sinclair, Protek or Fuller), two AY sound chips for Turbo
Sound, integrated SpecDrum interface, EAR input for loading
from tape.

Its mass memory is an SD card formatted as FAT 16 or 32 and
managed through a DivMMC interface with ESXDOS
operating system. The ZX-Uno has 512 KB of total RAM, but

normally only 384 are accessible to the user; 128 are reserved
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for the DivMMC. The whole RAM can only be used by
manipulating a special register called MASTERMAPPER, but
with caution, because there is a risk of overwriting the areas of

RAM reserved for the copy of the currently active machine’s
ROM and ESXDOS system files. A revision of the ZX-Uno

features 2 MB of RAM, VGA video output, 16 MB flash chip
for 45 different personalities and 2 joystick ports.

ZX GO+

The ZX GO+ is a derivative of the ZX-Uno designed by
Manuel Ferndndez (‘ManuFerHY’) for assemblage into a 16/48/
+ Spectrum case, although it retains compatibility with external
PS/2 keyboards. To save space, it uses a Micro SD card as its
mass storage.

The ZX-DOS is the evolution of the ZX-Uno. Developed by
Antonio Villena, it is based on a Xilinx Spartan 6 XC6SLX16
FPGA board, the same as the Next, whose core it can run.
Compared to its predecessor, it adds advanced features, such as
the ability to disable memory sharing for total compatibility
with the Pentagon 128, choose whether the Spectrum keyboard
should be read according to the Issue 2 or 3 standard, select
ULA timings between 48K, 128 and Pentagon 128 and the
screen refresh rate for VGA output, activate and deactivate the
registers for memory banks management, load another core
directly from the main Spectrum one, and so on.
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The gomaDOS+, another work by Antonio Villena, is the ZX
GO+ equivalent for the ZX-DOS.

N-GO

Clone of the ‘accelerated’ ZX Spectrum Next with 2 MB RAM,
developed by Manuel Ferndndez. It is supplied as a ‘naked’
motherboard to be installed within that machine’s case, or for
use with a PS/2 keyboard and a compatible 5V/2A power
supply unit. It includes the ZX-Uno personality alongside the
Next one.
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SPECCY 2007/2010

In December 2007, Pyotr Kitsun (‘Syd’), from Kiev, published
the schematics for the Speccy 2007, a clone of the 48K
Spectrum he made with only eight components: Z80 processor,
Altera EPM7128 CPLD, ATMegal6 AVR microcontroller,
two static RAM 62256 microcircuits, ROM, two AP6 buffers.
The microcontroller manages a PS/2 keyboard and an
SD/MMC card to load TAP, TZX and SNA files. In March
2008, support for TR-DOS was implemented through the new
ATMega32 microcontroller. The clone is not completely
compatible with the original Spectrum: port 255 (FFh) is
missing, the processor slows down during ‘polling’ (peripherals
status check routinely performed by the CPU) of port 254
(FEh), and internal timings are different.

Speccy 2007 Speccy 2010

Building on this experience, Kitsun created another clone, the
Speccy 2010, which expands the characteristics of the previous
one and corrects its defects. Based on an EP2C8Q208C8N
FPGA and an ARM STR755EV2T6 or STR750FV2T6
microcontroller programmed by means of a special USB port,
the second clone mounts 16 MB of SDRAM (32 in an
alternative configuration). Video outputs are RGB, composite,
S-Video and VGA. It also features two PS/2 connectors for
keyboard and mouse and two standard Atari joystick ports.

This work is released under a CC BY-NC-ND 4.0 International license.
Commercial distribution by any means is prohibited.



42 Alessandro Grussu

ZXM-777ZXM-PHOENIX/ZXM-ZEPHYR

Starting in 2006, Mikhail Tarasov
designed and built three Spectrum
clones inspired by the KAY-256:
the ZXM-777, ZXM-Phoenix and
ZXM-Zephyr (left), all developed
on a mATX board with a
TMPZ84C00-8 CPU at 3.5 MHz
and 7 MHz ‘turbo’ mode. The
777 has 64 KB of ROM and 128
of RAM, the Phoenix 64 KB of ROM and 1024 or 2048 of
RAM, the Zephyr 512 KB of ROM and 512 or 1024 of RAM.
Sound is produced by the classic beeper as well as a YM2149F
chip; the Zephyr adds a SA1099 alongside them.

The Phoenix and Zephyr include the Nemo IDE controller for
two ZX-Bus type slots and integrate the ZXMC card (ZX
Multi Card) developed by Kamil Karimov from ATMega8515
and ATMegal62 microcontrollers. The ZXMC plugs into the
Spectrum expansion port and the ZX-Bus slot, for clones that
have one. It offers connectivity with PC/AT keyboards, PS/2
and Kempston mouse and external modems with RS232
interface. It includes a real-time clock, too.

ELEMENT ZX

Clone made in 2021 by Jan Kucera, to be used in conjunction
with an Alchitry Au Artix-7 FPGA board and inserted into a
+2/+2A case. The core includes the personalities of the 48, 128
and +2A Spectrum, and of the Pentagon 128, 512 and 1024
v2.2. The processor can be adjusted normally at 3.5, 7, 14 and
20 MHz or overclocked at 22, 28 and 30 MHz. The memory
is a 2048 KB SRAM, expandable to 4096 KB. Available video
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modes, in addition to the legacy Spectrum one, are 8x1, HiRes
512x192 in two colours, Gigascreen, Radastan, ULAplus and
two native ones: HiResColour (512x192 with 64x48 attribute
blocks) and HiResTrueColour, similar to the ULAplus but
with an expanded colour palette.

Regarding audio, the eLeMeNt ZX is equipped with two
TurboSound FM chips, is compatible with SounDrive, Stereo
Covox and SpecDrum and includes implementation for the
MOS Technology SID chip. It has an interface for DivSD type
SD cards, with ESXDOS operating system and Beta Disk and
Z-Controller emulation. There is also the possibility of
including firmware cores of other platforms, for example ZX
Spectrum Next, KAY, Profi, Scorpion, SAM Coupé, ZX-Uno.

ZXNUVO 128

Another creation by Don
‘Superfo’, the Nuvo is a
clone, also derived from
the Harlequin, of the
Spectrums with 128 KB
RAM. The most recent
version is 4 which can
host the ROM of the 128, +2, + 2A, +3 and + 3e Spectrum,
the latter created by Garry Lancaster. It can use two SD cards
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managed by a DivMMC with 128 KB of RAM and an external
floppy drive interface for use with the +3 ROM. Includes RGB

and composite video outputs and a Kempston joystick port.

ZX MAX 48

This computer is
another variation of
the Harlequin made
by Don ‘Superfo’. It
is a clone of the 48K
Spectrum  with an
Altera Max7000 L o
EPM71285 CPLD. 9. 0. 00,000 0.0

The card is designed to fit inside the case of a ZX81. In
addition to the normal 48K features, it includes a double
capacity EPROM (2x16 KB) to mount alternative ROM
images, AY sound chip with stereo output, Kempston joystick

o 9 O O
. @ ® @ O
¢ o O O

interface and RGB and composite video outputs.
7ZX 48 SPIDER

Clone of the 48K
" zxes seoee 57 Spectrum created by a
developer known as
‘konkotgit’, based on
the ZX Max 48. It can
be inserted in an

original case.
ZX SIZIF-512

Designed by Russian Eugene Petrovich Lozovoy (‘UzixLS’),
the Sizif-512 is based on the Altera EPM1270 CPLD
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architecture, can fit inside a 48K Spectrum case and takes on

the personalities of the 48, 128, +3e Spectrums and Pentagon.

It features a Z80 processor with selectable frequency at 3.5, 4.4,
5.2, 7 and 14 MHz, 512 KB RAM and an AY-3-8910 sound
chip with adjustable ABC, ACB or mono output as in a
historical Spectrum, with support for Covox mono and
SounDrive. It includes the ULAplus video mode, while video
outputs are analog PAL/RGB and digital, for EGA monitors
and VGA deinterlacing filters (‘scandoubler’). The Sizif-512
uses microSD cards as mass memories with an integrated
DivMMC interface and can load from real tape via a 3.5 jack
and Bluetooth. It can be also fitted with a Wi-Fi module
managed through a software designed by Aleksandr Sharikin
(‘Nihirash’).

HUMBLE 48

(T
1S

A small clone of the 48K Spectrum, compatible with the
original case. It is equipped with a real Z80 CPU, the rest is
implemented via a Xilinx 95144XL CPLD chip. The latest
revision is 3.1b of 10 December 2017.
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ZX OMNI 128HQ

Clone produced by RetroRadionics, a company founded by
Serbian developer Djordje Miti¢. The Omni derives from the
Harlequin and is equipped with 128 KB of RAM, an integrated
DivMMC interface to manage two SD cards, two Atari joystick
ports, RGB and composite video outputs (HDMI is optional),
Wi-Fi card. It is available in three configurations: naked
motherboard without accessories; placed in a 48K Spectrum
replica case; as an unusual ‘laptop’ with a 9-inch LCD screen.

KARABAS-128

The Karabas-128, a work
by Ukrainian Andy Karpov,
is a clone of the Spectrum
128 based on the Altera
EPM7128STC100 CPLD.
It takes its cue from the
Harlequin 48K (rev. G) and
the Speccy 2007. It is &1
currently in the working prototype stage (rev. B1).
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JUST SPECCY 128K

Clone made in Poland by Piotr Bugaj (‘Zaxon’). The board can
fit in a 16/48/+ Spectrum case. It is equipped with 128 KB of
RAM, RGB video output, stereco AY sound, integrated
DivMMC interface with ESXDOS operating system,
Kempston joystick port, non-maskable interrupt button.

SPARROW 48K

Previously known as
Sparrow LITE, it is a
project by a Czech
developer known as
‘Jiiira®  aimed  at

reviving old, out-of-
order 48K Spectrums.
Some of the original chips, such as the ULA, are mounted on a
board of the same size as the original, while others are replaced
by more modern components. For instance, the 74LS chips are
replaced by an Altera EPM3032ALC44 CPLD, the ROM is
housed in a 128 KB flash memory, capable of containing 8
ROMs of 16 KB each and video output is composite instead of
RF. At the moment, the Sparrow 48K is in the working
prototype stage, fourth revision.
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PRISM

The ZX Prism 512 project was started in 2011 by Jeff Braine.
It is a Spectrum clone currently based on an Altera Cylclone IV
EP4CE15 FPGA with 512 KB RAM. It includes the
16/48/128/+2A/+3 firmwares and the +3e and SE BASIC 4
alternative ROMs. CPU frequency can be set to 3.5, 7, 14 and
28 MHz. It integrates the functionality of the ZXMMC
interfaces and DivMMC.

The clone is characterized by the presence of a large number of
video modes, some not found elsewhere, including: 128x128
and 256x128 at 256 colours per pixel; 256x192 at 16 colours
per pixel; 128x192, 128x384 and 256x384 at 4 colours per
4x8 pixels block; 512x192, 256x384 and 512x384 with
standard attribute  mapping;  Gigablend, a hardware
implementation of Gigascreen; 8x1; HiRes 512x192 with two
colours; Radastan mode; ULAplus. As for audio, the Prism
integrates three YM2149F chips for Turbo Sound and AY
sound, SounDrive and SpecDrum, the SAM Coupé SAA1099
chip and two sigma-delta modulators for audio output.

Development of the Prism is still ongoing. Braine has built a
working prototype, shown at the September 2021 meeting of
the Amiga Retro Group in Brisbane (Australia). An interview
to Braine, done on that occasion, can be seen at this address:

youtu.belcO-PU2gwq44
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ZX NUCLEON

The ZX Nudcleon, a project by Czech company CSS
Electronics, is conceived for compatibility with the Pentagon
512, rather than with historical Spectrum models. The
motherboard is designed to fit into the original case or a replica
of it, being the same size as that of an Issue 3B Spectrum. The
Pentagon was chosen as the basis for the clone to make a ‘new’
Spectrum able to run those programs written for the Russian
clone that are not compatible with the original machine due to
the Pentagon’s peculiar timings.

Although the maker claims that the ZX Nucleon ‘is somewhat
90% identical in terms of hardware’ to the Pentagon 512, there
are a number of differences between the two machines. Among
them: the absence of a Beta Disk floppy controller, both for
reasons of space and because that interface is not so widespread
in Europe, unlike Russia, so that each user can connect the
storage they prefer; an expansion port largely compatible with
the 48K/128 Spectrum; a completely redesigned RGB and
video signals circuitry; the possibility to disable the 512 KB
RAM paging and put the computer in 128 KB mode to
enhance software compatibility.

The first fully working version was 1B, in August 2019. The
latest is 3B, released in April 2021.
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NON-SPECIFIC COMPLETE SYSTEMS

This section focuses on those recent complete systems that do
not originate as a specific hardware recreation of the Spectrum,
but provide for the possibility of it. These are mostly FPGA-
type architectures. It is worth reminding that FPGA stands for
Field Programmable Gate Array: in very simplified terms, the
FPGA is an integrated circuit made up of millions of
microscopic switches called ‘logic gates’, which can be
arranged, through a specially designed programming, in a
myriad of different ways, in order to reproduce the operation
of other integrated circuits. This programming is made possible
by the FPGA’s internal memory, which houses the necessary
data for the logic gates arrangement. A data set for reproducing
the workings of a whole determined hardware platform is called
a ‘core’ and allows the device, in practice, to ‘turn’ into it,
assuming, so to speak, its ‘personality’.

MIST/MISTER/MISTICA/SIDI

The MiST is an Altera Cyclone EP3C25 FPGA-based system
and features 32 MB of 16-bit SDR-SDRAM with VGA video
output, analog stereo audio output, two Atari joystick ports,
SD card slot, four USB ports and a Micro USB port. The latest

revision is 1.4.

The MiST was born in 2016 on the initiative of Przemyslaw
Krawczyk, a Polish Atari enthusiast better known under the
pseudonym of ‘Lotharek’, with the aim of recreating the main
16-bit platforms of the 1980s on a single device, that is, the
Atari ST, Amiga and Apple Macintosh. Subsequently, the
community of enthusiasts developed cores to implement the
personalities of many other 8 and 16-bit computers, including,
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in addition to the various Spectrum models (including the
Next), the ZX81 and QL: Commodore 64, VIC-20 and C16/
Plus 4, Amstrad CPC, Atari 800/XL, BBC Micro, TI-99/4A,
SAM Coupé, Acorn Archimedes (a 32-bit platform). There are
also cores for videogame consoles such as the ColecoVision,
Sega Master System and Megadrive, Nintendo NES, SNES
and Gameboy, PC Engine and even for about 200 coin-op
games.

MiST board revision 1.4

As for the Spectrum core, it recreates the personalities of the
48K, 128, +3 and Pentagon 128 with Pentagon 1024 and Profi
memory cards; for the Next there is a separate core. The CPU
can be accelerated to 7, 14, 28 and 56 MHz. It includes Timex
8x1 and HiRes 512x192 video modes and the ULAplus, and
Turbo Sound audio modes with two YM2149F chips and
General Sound. It integrates the +3DOS functions for the +3
floppy disk drive and the Beta Disk, Plus D, DivMMC,
ZXMMC, Multiface 128 and +3 interfaces. It reads TZX, TAP
and CSW tape image files, IMG, DSK, MGT and TRD disk

images and can also load from tape, using a suitable adapter.

Derived from the MiST, the MiSTer is an open source project
started by Aleksey Melnikov (‘sorgelig’), later joined by other
developers; together they form a group called MiSTer-devel.
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The main board is a Terasic DE10-Nano, equipped with an
Altera Cyclone V SE FPGA, dual-core ARM Cortex A9
processor and 1 GB DDR3 RAM. It can be fitted with
daughter cards to expand its functionalities. In particular, the
developers recommend a card with SDR-SDRAM, in order to
lighten the workload of the mainboard memory, shared
between the CPU and the FPGA, and to recreate the RAM

timings of older systems.

The MiSTer has audio/video HDMI output, but if desired, an
I/O daughter card can be added, with VGA video output and
analog stereo audio output through a 3.5 mm jack. In turn, a
small adapter with another 3.5 mm jack for audio input can be
mounted on this card, in order to load programs from an
external tape recorder.

MiSTer complete
configuration with

daughter boards and
cooling fan

Like the MiST, the MiSTer uses SD cards for mass storage.
Internal operations are handled by a custom operating system,
based on Linux Ubuntu 16.04. Currently available cores are
numerous and include, in addition to those already listed for
the MiST, many other platforms, both computers and
consoles, for example: Commodore PET, Sharp MZ, TRS-80
Model 1, Altair 8800, Mattel Intellivision, Sega MegaCD,
Atari Lynx, SNK NeoGeo.
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Mistica in a transparent case

The Mistica is another machine similar in design to the MiST,
based on the Altera EP3C25E144 FPGA with an ARM
AT91SAM7S8256 1/O microcontroller and 64 MB of SDRAM.
It has VGA, RGB DIN9Y, composite RCA and SVideo video
output. The 3.5 mm audio output is flanked by a connector of

the same type for audio input from a cassette recorder. It shares
its cores with the MiST.

SiDi

The SiDi, developed by Manuel Ferndndez (‘ManuFerHY’), is
designed as a low-cost alternative to the MiST. Its FPGA is an
Altera Cyclone IV EP4CE22 with 32 MB of 16-bit SDRAM
and an ARM AT91SAM7S56 1/O controller. Video outputs
are VGA and RGB DINDY, the audio one is analog stereo. It
uses MicroSD cards and has a 3.5 mm jack connector for tape

loading.
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NEPTUNO

Platform designed and
built by Antonio Villena
around an Altera Cyclone
IV EP4CE55F23C8N
FPGA. It has 8 MB of
flash RAM for the system
cores to be implemented,
32 MB SDRAM and 2
MB SRAM. It uses MicroSD cards and has a 3.5 mm jack
connector for tape loading. Includes: VGA video output, two
Atari joystick ports, PS/2 connector, ESP8266 Wi-Fi module,
ZX-DOS-compatible expansion port.

RETROPIE

Operating system dedicated to the emulation of several home
computers and videogame consoles. It was designed for
installation on the Raspberry Pi microcomputer (hence the
name), or, alternatively, Odroid C1/C2 and PC with Linux
Ubuntu or similar distributions (Debian, Mint). To do this,
other peripherals must be connected to the microcomputer:
keyboard, mouse, power supply unit and HDMI or RCA cable
to connect it to a monitor or TV. The management firmware,
emulator code and finally the ROM, tape or disk image files to
read must be copied onto the MicroSD card employed by the
device. Games can also be controlled by USB joysticks or
joypads. In the case of the Spectrum, the emulator can be
FUSE, its derivative LR-FUSE (for use with the API Libretro
programming libraries) or FBZX. RetroPie relies on it to read
files of the following types: SNA, SZX, Z80 snapshots; TAP,
TZX tape images; UDI, MGT, IMG, TRD, SCL, DSK disk
images; GZ compressed archives.
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VIRTUAL SYSTEMS

‘Virtual systems’ means hardware architectures developed
starting from that of the Spectrum that did not reach the
working prototype stage, or remained at the design stage. They
exist only as virtual machines, emulated by some programs.

ZX SPECTRUM SE

A system designed by Andrew Owen and Jarek Adamski with
the intention of merging the features of the Timex Sinclair TS
2068 and Timex Computer TC 2048 into an architecture
compatible with Spectrum software. The CPU is a 3.5 MHz
Z80A like for the Spectrum, the ROM is replaced by a 64 KB
EPROM equipped with an exact copy of the Spectrum BASIC,
plus Beta Disk ROM calls. Total RAM is 280 KB, divided into
three blocks called EX, DOCK and HOME of 64, 64 and 144
KB respectively, together with 8 KB PRAM (Parameter RAM).
HOME represents the entire Spectrum standard memory
(including contention between 16384 and 32767). EX and
DOCK are divided into 8 memory banks of 8 KB each,
accessible according to different configurations. Video modes
include the Timex ones, i.e. 8x1 with 15 colours and Hi-Res
512x192 with two colours. The ‘snow’ effect of the traditional
ULA, also present in the TC 2048 video circuitry, has been
corrected. The ZX Spectrum SE is emulated by EightyOne and
FUSE.

CHLOE 280 SE/140 SE

Originally, the Chloe 280 SE was a blueprint for the
production of the ZX Spectrum SE. It later became another
kind of FPGA-based design, not related to the Spectrum. There
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are several differences between its technical specifications and
the original idea. The CPU is a Z84C0020 with a 21 MHz
accelerated mode that can be invoked via software. Timings are
identical to those of the 48K Spectrum. Total RAM is 256 KB:
224 of uncontended memory (96 in the HOME block) and 32
of contended video memory in banks 5 and 7 of the HOME
block. The ROM is held in a 32 KB flash memory without Beta
Disk calls and has SE BASIC 4, also by Andrew Owen, as its
default firmware. All video modes support ULAplus. The
sound chip is a YM2194F.

The Chloe 140 SE is a simplified version of the ZX Spectrum
SE. Compared to the 280 SE, it has no additional RAM banks
for emulating the TC 2068 memory configuration, so it cannot

run programs written for that computer. Total RAM is 128
KB, 96 of which are uncontended (in the HOME block).

Both systems are emulated by ZEsarUX.
128KE

Modification project aimed at eliminating bugs in the
Spectrum 128 and later ROMs and mutual incompatibilities
between them, in order to create an ‘ideal’ Spectrum
characterized by maximum hardware and software
compatibility. A +2A is used as the base machine for the
intervention. Emulated by Zero.
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PERIPHERALS AND EXPANSIONS

MB01/MB02/MB02+/MB03+

MBO02+ with 512 KB single chip SRAM connected to a +2

The MB series of disk interfaces was born in Slovakia in 1992
on the initiative of Rébert Letko (‘Robo’), owner of MDK, a
small electronic manufacturing company in Bratislava, and
Slavomir Labsky (‘Busy’). The two devised an expansion for the
Spectrum that would not only be an alternative to the Didaktik
D40 and D80 floppy disk drives common in their country, but
would also allow connection to hard drives. The result was the
MBO1 (from MDK and Busy), featuring a special Z80-based
DMA circuit, a 2 KB EPROM and a 128 KB (2x64) SRAM
powered by an on-board battery.

At the request of two other developers, Czech brothers Oldfich
and Jan Pdlenicek, Letko and Labsky developed a revised
version, the MB02. This was extended by the Péleniceks with
a memory expansion slot, a Kempston joystick port, a printer
port and a non-maskable interrupt button, while maintaining
full compatibility with the previous model. Then they modified
the interface to house it on a single large printed circuit instead
of two smaller boards as before, also inserting a system clock
powered by a coin battery. The new device, called MB02+, has
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an internal operating system called BS-DOS to manage up to
256 folders and 65,279 files; its latest revision is 3.09. It also
has the advantage of being fully compatible with tape loading
and, through a software emulator called ED80, with the
Didaktik D80 system. The MB02+ was therefore handcrafted
and put on sale: up to the end of 2001, 70 units were sold.

Curiosity aroused by the MB02+ among enthusiasts in various
European countries provided the basis for several revisions and
updates to the interface since 2000. Some developers involved
in them were:

e Detr Petyovsky (‘Poke Studio’): single 512 KB SRAM
chip revision, introduced on 5 January 2006;

e Jan Kudera (‘Last Monster’, ‘LMN128’): additional
expansion board for IDE controller, based on an
interface already developed by Lubomir Blaha
(“Tritolsoft’) and Pavel Riha (‘PVL’); it underwent three
revisions — MB-HDD1 (11.11.2005), MB-HDD2
(12.12.2008) e MB-HDD3 (18.05.2008) — and can also
be used by itself; Flash Utility EPROM expansions at 32
KB and 64/128 KB (divided into banks of 32 KB each);

e Ingo Truppel: redesigned IDE interface, provided with
an adapter for Compact Flash cards.

The Z80-DMA circuit was also built by Jifi Veleba (“Velesoft”)
as a stand-alone expansion with graphics acceleration
functionality, called Data Gear 2007 or, jokingly, ‘poor man’s
Blitter’.

In 2020, Jan Kudera created the latest evolution of the MB, the
MBO03+. It is based on a Xilinx Spartan 7 XC7S50 FPGA board
with 16 MB SRAM, 4 MB fast SRAM and 2MB flash RAM,
780-DMA, DS3234 internal real-time clock, three AY sound
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modules, audio support
for the SAM Coupé’s
.| sound chip SAAI1099,
SounDirive, Stereo Covox,
SpecDrum and General
Sound, with stereo mini-

jack output. Connectivity
is ensured by a port for Compact Flash cards and two ports for
Micro SD cards, all managed by an integrated DivMMC with
ESXDOS or BS-DOS operating system, plus two USB ports,
one of which is dedicated to operating a mouse with Kempston
emulation, and a DB9 connector for joysticks or joypads. A
Wi-Fi module for networking is optional. The March 2021
revision implements the HiResColour video mode, native to
the eLeMeNt ZX clone.

DIVIDE

The DivIDE interface, which — as the name implies — has the
primary aim to connect peripherals through the widespread
IDE standard, originates from the first devices of this type, that
is to say the MB series and the IDE and IDE Flash interfaces
(for Compact Flash cards) designed by Pera Putnik as early as
1996. Putnik’s interfaces, however, had the problem of
working at 16 bits against the 8 bits of the Spectrum CPU, so
that the effective capacity of the hard disks connected to them
was half of the nominal one. Therefore, Lubomir Blaha and
Pavel Riha modified Putnik’s scheme by replacing the single-
channel I/O structure with a six-channel one. With this system
it was also possible to use two IDE peripherals at the same time
as ‘master’ and ‘slave’. Their interface was called ZX-IDE.

Building on the ZX-IDE and Putnik’s researches, another
Czech developer, Pavel Cimbal (Zilog’), made in February
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2002 a working prototype of a new interface he named DivIDE
4272, that included 8 KB ROM and 32 KB RAM. The first
publicly released version is 57, dated August 2002. Several

revisions will follow, by Cimbal himself and other developers.

connects a Didaktik
Gama to a 170 MB
Conner CP30174E & -

The DivIDE %
4272 prototype f

bard disk 5%

The initial technical specifications of the DivIDE are:

use of the whole 16 bits of the ATA bus;

compatibility with all Spectrums and relative clones;
218 KB/sec nominal data transfer speed;

8 KB flash and shadow ROM for the firmware, plus 32
KB of additional RAM in banks of 8§ KB each;

shadow ROM auto-addressing to main entry points to
emulate standard tape loading;

extended BASIC;

menu recalled by a non-maskable interrupg;
DISCiPLE/Plus D and Beta Disk emulation;
MAPRAM  feature for testing software under
development, eliminating the necessity to modify the
shadow ROM’s content; can emulate a further 8 KB
ROM if needed;

compatibility with every ATA peripheral;

TAP, SNA, Z80 and SCR file formats reading.
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Such features are enabled by means of particular firmware:

e FATware: 