Tynemouth Sofftware

PARTS LIST

|CAPACITORS —ALL AXIAL, RATED 16V OR HIGHER

2 x 22pF (usually marked 220/2201)

2 X 47nF (usually marked 47n or 473)

18 x 100nF (usually marked 100n or 104)
1 x 1uF (usually marked 1u or 105)

1 x 22F (axial electrolytic rated 25V)

| RESISTORS — ALL %W 5% OR BETTER (4 BAND RESISTOR COLOUR CODES SHOWN)

2x750 i
1x 4700
1x1ka
1x2.2ka j
1x4.7KQ
15x10kQ J§
I

1x220KQ

|SEMICONDUCTORS

9 x 1N4148 diode

1 x BC548B or similar NPN transistor

1 x 74HCO0

1x74HC21

2 x 74HC32

2x74HC74

1x 74HC86

1x 74HC166

1x 74HC245

1x74HC251

1 x 74LS365 or 74LS367 (either can be used, 74LS not 74HC)
1x 74HC574

1 xZ80 CPU / Z84CO008PEG (8MHz or higher rated)

1x 128K SRAM (AS6C1008 / 621024)

1 x 2K Dual Port RAM (IDT7132)

1x27C512 EPROM (pre-programmed)

1 x ATmegad8/48PA (pre-programmed)

1 x 7805 or 7805 switching replacement (rated at least 100mA, more if adding RC2014 modules)
1 x 6.5 MHz Crystal (HC-49/U package)

CONNECTORS / SWITCHES / SOUNDER

2 x Stereo 3.5mm Jack (e.g. CUI SJ1-3525N — Digi-Key SJ1-3525N)

1 x Phono jack (e.g. CUI RCJ-011 — Digi-Key CP-1400-ND)

1x2.1 mm DC Jack

1 x miniature tactile switch 6x6mm (Reset, e.g. Diptronics DTS-61N)

1 x miniature tactile switch 6x6mm (NMI - optional, e.g. Diptronics DTS-61N)

1 x Piezo AC transducer (not a buzzer or any sounder that has internal circuitry)

2x2 way, 2x3 way, 2x3 way and 2x4 way headers with jumper (optional or fit wire links)

1 x 40 way connection for RC2014 bus (right angled socket, optional)

1 x 10 way connection for RC2014 enhanced bus (right angled high socket if required, optional)
1 x 48pin, 1 x 40pin, 1 x 32pin, 1 x 28pin (600mil), 1 x 28pin (300mil) IC sockets (turned pin recommended)
7 x 14pin, 3 x 16pin, 2 x 20pin (300mil) IC sockets (optional, turned pin recommended)
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COMPONENT PLACEMENT

|p\'n‘\
video
ol [@on] o -I-I o
oof@@Ho @0 o [ - |o |L_|I'\G'ITIOU N vuse OF
o O normal ml inverse Q (o] (o]
a0 o 3 e Minstrel H™ o
5o [oommoommogl | 8 6060 =088 oo
00 on ono oo O 780 clock 8 88 A4(0 0 i o) o) [e}
00 oo oo oo o o o o
ool |oo| ool |oo o ©[feeno o [an] o o o o
foXe) 00 oo oo on on ~ o 4 o © o o
ol » [oo oo oo oo oo o 2L=4® o o o
ol £ oo oo oo - oo oo on 00 o o
0| 3 |0o| « oo |00 3 oo| ~ oo P oo foXe) N o o
. ol X [oo| * |oo| & |oo 2 oo oo @ oo N |oo 2 o o
D 0 Video o & ool [oo| |oo| | ¥ |oo| |oo & loo] & oo & |o o
| o 0o oo oo oo oo ] oo 5 |oo S o [glo
—O o[1@n|0 O[Tn|0 O[Tn|0 © O oo © oo 00 3 o |[olo
o logl ~ loB oo o"=="o0 oo oo ® o _lolo
p o p oo oo oo oo oo o Jlolo
oo P o 00 oo < oo oo oo o) o solo
o p ol 2l0° aleol | § |oof oo _ oo ool . |o *|oo
0 o |Ear P ol oo ®loo| | 2 |oo/g|oof = oo & oo & o [ofo
o o o 00 oo Z oo oo oo o) o |olo
lo_ o o ° 00 oo oo oo oo oo o |olo
11— ol Joo oo oo oo 00 o |[olo
& g © o o eanoooo@oomnooooooooo0 8
0 o |Mic|'|® O e\ Ol |ool |ool |08 |28 o0 |o
SlEe g[S )8 BY B g [:3, EdEE [O) [O]f
lo_ojme|E|Oo ofo o oo oo 0O 00| ¢ [0 b=a o
38-0- 8 g ol Sloo| ¥ loo| ¢ og ] gg b gooooooo 02 9.° 6
| 00 Lt o o o) oo oo 04 ool & |p0000OOCOCODODDODDDD (O
0 U o] o ool (00| o5l (54 loEEEEEES (o]
v ool Joo| [0 (39 ls[sls[z[sl=[s[FIH [l o
©" o | T 'H 00000000 o
prower8 |2 | O TUnemouth 0000000 o
o |5 ofFtware o
o
' ™ b d R
Minstrel H™ + Keyboard g0 oos00000
1 2 3 4 5 6 7 8 9 0
% O —~0 00 0O—-0 00 0O—-0 O—0 00 0O—_0 OO0 O —O {B
1O 10l 10L 10I 10l 10L 10l 10l 10l 10|
o~0 oo o~¥o o~¥o oo oo o~¥o oo o~o oo
Q w E R T Y U | 0 P
O—~0 00 00 00 00 O—0 OO0 0O—0 O0—O0 O —O
10F 0L 10L 10l 10l 10l 10l 10L 10l 10]
O—~-—0 O~-0 O0~-0 00 O0~-—0 0O ~-—0 00 0—0 oOo=—o0
A ) D F G H J K L ENTER
0O —~0 00 00 00 0O—0 O—0 O0—0 0O —_0 O —O
IO 101 10O 101 10 101 101 10O 101 101
jof {of [of {of iof (o} iof lo) lof io}
SHIFT Y4 X C \" B N M sWESL SPACE
O —~0 00 00 00 O—0 O—0 O0—0 O —0O
1O, 10l 10l 10l 10l 10l 10l 0] Q IQI
O—~-—0 OO0 O0~-0 0O ~-0 0O ~-—0 0O ~-—0 0=—0 0—-0 o_—O

www.tynemouthsoftware.co.uk

V4.30


http://www.tynemouthsoftware.co.uk/

Tynemouth Sofftware

PART NUMBERS
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JUMPERS

Tynemouth Sofftware

Recommended settings are highlighted, but may need to be adjusted to suit your needs.

VIDEO SETTINGS

Jumpers or link wires need to be fitted to the following positions.

VLR TV Standard Screen colours
Jumpers
[ __ Jo] .
= PAL 50Hz refresh rate Normal (black on white)
[ __Jo| .
com PAL 50Hz refresh rate Inverse (white on black)
oea NTSC 60Hz refresh rate Normal (black on white)
[ Je]
[oX _ | .
oo NTSC 60Hz refresh rate Inverse (white on black)
Z80 CLOCK
The Z80 clock can be run from one of four clock sources. 3.25MHz is recommended for all ROMs
Clock Z80 Clock RC2014 Clock 1 RC2014 Clock 2
Jumpers
838 3.25 MHz - i
3888 6.5MHz - -
3588 RC2014 Clock 1 Input -
393 RC2014 Clock 2 - Input
The Z80 clock can also be fed to the RC2014 for use by RC2014 cards by using multiple jumpers
Clock Z80 Clock RC2014 Clock 1 RC2014 Clock 2
Jumpers
3588 3.25 MHz 3.25MHz -
3885 6.5MHz 6.5MHz -
353 3.25 MHz - 3.25MHz
3838 6.5MHz - 6.5MHz
338 3.25 MHz 6.5MHz -
1228 3.25 MHz 6.5MHz 3.25MHz

ROM SELECTION
The ROM image is selected using the A14 and A15 jumpers that control the voltage on pins 27 and 1 of the ROM chip.

ROM Jumpers ROM Image
:g Jupiter Ace Forth (recommended)
o-o Jupiter Ace Forth with Serial Utilities (optional)
o-o ZX80 Integer BASIC (experimental)
g: ZX81 Floating Point BASIC (experimental)

The jumpers near the power connector set the polarity of the power input

Centre negative, used by Spectrum and Commodore 16 computers and many guitar pedals

Centre positive, used by pretty much every other power supply
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BLOCK DIAGRAM

The original Jupiter Ace can be reduced to this block diagram:

2x4K ROM Counters
Keyboard \l/
1K VIDEO RAM Video

/]\

Shift Register

70 Bx00-0xFE 780 1K FONT RAM

‘ \l/ \l/ 1K SYSTEM RAM

Tape Speaker

There are two 4K ROMs giving an 8K block of ROM, and three 1K blocks of RAM. There is 1K which is the screen
RAM, one byte per character, 32x24 characters taking 768 bytes (the remainder being used as scratch RAM by
the system). Another 1K RAM is used to store the font. This is write only, and is initialised at boot time. There
are 128 8x8 characters, which can be redefined by the user to create pixel graphics. The font pixels are clocked
out of a shift register to generate the video signal, combined with counters to generate video timing. A third
1K block is the main system RAM. This is mirrored three times, and the two video RAM blocks are mirrored
once each. That leaves up to 48K for expansion RAM. 1/O is to tape, speaker and keyboard, at any even I/O
address.

| RC2014 & 13K ROM Microcontroller
1K VIDEO RAM .
Vid
Keyboard I/]io
780 1K FONT RAM
Shift Register
70 OxFE
‘ \L \L 1K SYSTEM RAM
Tape Speaker 48K EXPANSION RAM

The Minstrel 4™ implements a compatible architecture, but fills up gaps in the memory map to give more
ROM, a total of 13K being available. All 48K of expansion RAM is present, giving 49K of system RAM,
completely filling the 64K address range of the Z80. The I/O address is fully decoded, so only occupies a single
address - OXFE - the rest is available for RC2014 expansion bus. The counters and decoding logic of the video
signal is replaced by a simple microcontroller. The extra control that gives over timing has allowed PAL / NTSC
50/60Hz video timing, and a back porch section to be added to the video signal which allows black on white as
well as the original white on black video.
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MEMORY MAP

Expanding that in more detail, the memory map is as follows. The ROM is a single 16K image, accessible as one
8K block (0000-1FFF) and a 5K block (2800-3BFF). The remaining 3K is not accessible as it is hidden behind
blocks of RAM.

Minstrel 4™ Memory Map ROM RAM

Address Range Read Write 16K (one of four) 64K (half of chip)

0000-03FF

0400-07FF

0800-0BFF

0C00-0FFF

1000-13FF ROM (8K) i 8K

1400-17FF

1800-1BFF

1C00-1FFF Not Used (15K)

2000-23FF Video RAM Mirror

Hi 2K
2400-27FF Video RAM (1K) idden (2K)

2800-2BFF Font RAM Mirror

2C00-2FFF Font RAM (1K)

3000-33FF ROM (5K) 5K

3400-37FF -

3800-3BFF

3C00-3FFF System RAM (1K) Hidden (1K)

4
4000-FFFF Expansion RAM (48K) - K

The Minstrel 4" implements the block diagram, rather than the specifics of the Jupiter Ace. Originally there
were three pairs of 2114 SRAM chips, and the RAM access was multiplexed between the CPU and video
circuitry with lots of 1K resistors and 74LS367 buffers. The mirrors of the video RAM and font RAM were used
to give one option to access the RAM with CPU priority (snow on screen), and the other with video priority
(CPU halted).

The Minstrel 4™ has a single 128K RAM chip, 49K of which is used (the rest is not accessible - some banking
could be added if it there was use for the extra RAM?). The video RAM is simplified down to a single 2K dual
port RAM chip. Both sides can access the video RAM at the same time and there is only a conflict if both access
the same address at the same time, in which case the Z80 is halted for a few cycles or the screen blanked for a
few pixels whilst there is conflict.

The video timing circuitry was composed of a lot of counters and decoding logic dividing down the 6.5MHz
clock to generate video sync and timing, and a different PCB was produced for PAL and NTSC timings. To
simplify things, this has been replaced by a small microcontroller which does effectively the same thing. The
final video is still generated by clocking pixels out of the font RAM via a 74LS166 shift register.

Earlier versions of the Minstrel 4™ used two 1K dual port RAM chips, this was reduced to a single 2K dual port
RAM chip, with the addition of a latch to store the character address to feed back into the font RAM.
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ASSEMBLY

Assembly should follow standard procedure for this type of board. Begin with the lowest profile components,
the resistors, diodes and capacitors. Then fit the ICs and / or sockets and finally the higher profile items such as
the connectors, jumpers and piezo sounder.

The open frame board can be mounted on the nylon M3 pillars, use the holes closest to the edges for greater
stability (the extra mounting holes are to maintain ZX81 shape compatibility). These can be used as feet, or the
complete unit can be screwed to a baseboard from below with M3 screws.

Mainboard

If building the keyboard with overlay, the spacer is placed between the keyboard and the overlay, and the
screws go through these into the pillars.

Overlay

Keyboard
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SCHEMATIC

The Schematic has been split into functional groups for clarity.

280

The heart of the Minstrel 4" is a Z80 processor. The control inputs are pulled up with 10K resistors. A power on
reset pulse is generated from a resistor / capacitor circuit with a reset switch shorting out the capacitor to

again generate a reset pulse.

780
ro<—32 Ap vee Pl—ssy
a<—31 A1
A2<—32) Ao Do H4—>pe
A3<—33{ A3 D1 H2—>p1
ar<c—3H aq D2 H2 >p2
As<—5] a5 D3 }% >3
As<—38 Ap D4 -—>p4
A7<—31) A7 D5 |2—>0s
rs<—381 A8 D6 P26
As<—3% Ag D7 P2—>p7
ao<—22 At
an<— An
Arz<—2{ A12 AALT &>k
az<—3 A13 WAIT [2*—>wWat
av<—4 A14 NT &>t
as<—3f A5 NMT HZ— T
RESET |28—>Reset
wi<—20 M7 BUSRQ [22 > Buskq
WREa<—2| MREQ BUSAK |22 BushAck
iorRa<—22] iORQ

m<—2YRD PHI |&—>780_Clock
WR<—22| WR

Refresh%28 RFSH GND 29%GV

5V
\

R1
10K
R2

ait
nt

w

10K

R4

5V

10K

R5
5V
220K

Z|

M
o
Reset
nmi D—I

>

in
4
[S]
=

>

®

C1
QVH
1uF

Z80 CLOCK

The clock for the Z80 can be fed from multiple sources. The 6.5MHz clock comes from the video circuitry; this
is buffered and divided to give the 6.5MHz and 3.25MHz options respectively. It can also be fed to or from
either of the two clocks on the RC2014 bus (Clock 2 only available on the enhanced bus)

86.3

©

6.5MHz:

>

)

e 74#1.2

2lp PR qf*—>325M
6.5MHz Buffered
8 z urrere 11 CLK

CLR Qf®

"

>

n
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ADDRESS DECODING

The address decoding of the ROM and RAM starts with a few logic gates generating a signal which is high when
in the range of the RAM (0x3C00-3FFF). That same signal is low when it is not in the range of RAM, and that is
used to enable a decoder that generates the Video RAM and ROM select lines. Part of that range is controlled

by the /WR line as the Font RAM is active for writes only, and the ROM in that region is active for reads only.
3242.1
1

3 Axxx-Fxxx

A15;

32#2.2
4

6~ RAM/NOT_RAW 3COO-FFFF (49K)

Az<—Y

Ar2<—2

an<—4

Ao<—2]

> >
1 32423 2511

VREQ

8 N or
RAM/NOT_RAN<—2 A< A e 3 B 3
az<—tel g = -
az<—9 ¢
2000-27FF R/W
sv<—4 po 2800-2FFF Write only
sv<—3{ D1 YR Video _RAN_GS
sv<—2 D2
sv<—1D3 wie ROV_CS
15

ov i 1| 04 0000-1FFF (8K)
R b5 2800-3BFF (5K)
sv<—3] pg
sv<—2| p7

ROM AND RAM

A single ROM and a single RAM chip cover the majority of the address range. One address line on the RAM chip
is tied high which reduces the usable capacity to 64K. The upper two address lines of the ROM chip are used to
select one of four 16K ROM images.

ROM ROM Select RAM

re<—2{ Ao vee [28>sv sv<32{vce
A< A1 A0 [12->n0
a2<—8l A2 OF [22>r0 ROM_A14 x—1 Ne A= a1
As<— A3 5vJ€T A28 > n0
na<—6l As CZ—>ROM_Al4 pe<—3! po A3[E>a3
as<—5| A5 ev<—H pi<41 D1 A4lE—>ne
rs<—2 Ag p2<—31 p2 A5 [L—>hs
ar<—3| A7 03<—2 p3 A6 [&—h6
as<-25{ ag Q1 H—=>pe ROM_A15 pa<—8{ p4 A7 [P—>a7
rs<24l pg DQ2 H2->01 zvdﬁ ps<—21p5 A8 2> h8
ale<—21 A10 DQ3 H3>02 GZ—>ROM_AI15 p6<22 pg A9 28 >ag
An<23{ Ay DQ4 [5>p3 sv<—bo p7<-2p7 AR [22->n10
ar2<—2| A12 DQ5 [E->04 AT 25> At
at3<-26{ A13 pQ6 HZ>ps wR<-22| WE A2 —>an
ROM_A14<—27{ A14 DQ7 F8—=>0s ro<-24 BF A3 28> a3
RoM_a15<—Y A15 pQ8 P07 VREQ<-22| TE A14[3L>sv
RAM/ROT_RAW<-32| CE2 A15 PP—>an4
Rov_cs<-22| TF A16 [2—>na15

ov<—8 GND

ov<— GND

IO DECODING

The 10 address of OxFE is fully decoded by quite a lot of logic gates. This is combined with the read and write

signals to generate signals which go low when the OxFE address is read or written.
Fx 12

32#2.4 32#1.3
a7< 9 3 g
rs<—°| Az<3] 8> o_FE_WR
212 pB 19
As<—12]
As<131 Ao<—9] 32#1.2
4
r<—2| 8>/ FE_RD
[orRa ___ s
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KEYBOARD

The input port is only six bits wide. Bits 0-4 are the keyboard column reads. The rows are generated from the
upper address lines. The pull up resistors were not present on the Jupiter Ace, but have been added to
improve reliability.

The part supplied will be a 74LS365 or 74LS367. They can be used interchangeably here as pins 1 and 15 are
connected together. The levels of the 74LS series chips match those of the original machines.

5v
vV
5v
vV
5v

2>SX 95X 55K 9Sx nSx 365/367
@ x
@ xS @ xS xS wo,rumﬁcg VoD | 5v
D1 Keyboard_Row Keyboard_Col O_FE_RD<—|OF
Aﬁ%—l‘ ! 5 : 2| po Yo |3—>0e
D2 2 4 a1 Y1201
M@w : > &1 A2 Y2 —>p2
4 2 12 A3 Y3 9 >p3
D3 5 ! 12f g Y4 ' >ps
sz* 6 Ear<—H{ A5 Y5 2 >ps
7
D4 8 8
Ao ‘ f ov<—{ GND
D5
D6
. S
D7
AM%H
D8

The keyboard is mapped as follows, this is very similar to the ZX80/ZX81, other than most of the bottom row is
shifted one character to the right, at least logically. The Symbol Shift key is physically located between M and
Space, but logically it sits between Shift and Z in the keyboard matrix.

Col 5 Col4 | Col3 | Col2 | Coll Coll | Col2 | Col3 | Col4 Col 5
Row 1 1 2 3 4 5 Row 3 6 7 8 9 0
Row 2 Q W E R T Row 5 Y U | 0] P
Row 4 A S D F G Row 7 H J K L ENTER
SYMBOL
Row 6 | SHIFT | Clr z X C Row8 | V B N M | SPACE

tynemouth software minstrel 4th keyboard

S e 4 e ) T e
N (o ) o e v (e e
B Bl e

ENTER

S N T N SN TR TN
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| CASSETTE 10
The 6" bit of the input port is the Ear signal from cassette port, with some filtering to clean up the signal. Like
other machines of the era (Ace, ZX80 etc.), there is no amplification of the input signal, so the cassette signal
needs to be turned up high.

Save Load
<l 7411 R14
ps<—24p PR g TS VV \/—<|
\ Vo 1eK ]
o-FEWR<—3 CLK (OX=N0)
alose Y —

(@}
sv<— 5

SOUND

Sound is generated by a 1 bit output which is toggled on and off with 10 reads and writes. The piezo transducer
is driven differentially between the two outputs to increase the volume.

ON .
mg RS pilezo
20.1
ﬁz 470
Corm——— +
00.2 o°
O_FE_Ro<—>]
OFF

VIDEO

Video timing is controlled by an ATmega48PA microcontroller performing a similar job to a 6845 CRT controller
chip. This is essentially a large state machine which generates all the video sync and timing pulses. This
microcontroller generates the 6.5MHz clock used to drive the CPU. A jumper input selects PAL or NTSC timing.
The blank signal is triggered when not displaying character data and also if there is any address contention in
the video RAM.

sv

ATMEGA48PA
sv<—Z{vee PC@/ADCO/PCINT8 [22->VA@ (Col @ / Line )
PC1/ADCI/PCINTO [Z£>Vat (Cal 1 / Line ) 2 >
sv<22 Avee PC2/ADC2/PCINT10 |22->VA2 (Col 2 / Line 2) o
PC3/ADC3/PCINT112E>cal 3
%21 AREF PC4/ADC4/SDA/PCINT12 [2Z>cal 4
PC5/ADC5/SCL/PCINT13 [ 28->PAL/RTST
6.5MHz<—'4 PBO/PCINT@/CLKO/ICP1 PC6/PCINT14/RESET [
74_166_Lateh<—2| PB1/QC1A/PCINT1 S
AT_VideoRAM_CS<—{ PB2/55/0C1B/PCINT2 PD@/PCINT16/RXD [2—>Row @ s
574_Latch<—'Z| PB3/MOSI/OC2A/PCINT3 PD1/PCINT17/TXD |P—>Row 1
Row & Column / Line & Char<—Z{ PB4/MISO/PCINT4 PD2/PCINT18/INT® |*—>Row 2 o
Sync<—2{ PB5/SCK/PCINTS PD3/PCINT19/0C2B/INT12—>Row 3 o >8
9] PB6/PCINT6/XTAL1/TOSCI PD4/PCINT20/XCK/T@ [&—>Row 4 S
18] PR7/PCINT7/XTAL2/TOSC2 PD5/PCINT21/0C@B/T1[L—>Clear _invert
PD6/PCINT22/0C0A/AIN® '2—>int
ov<—S81 GND PD7/PCINT23/AIN1 2 Blonk
6.5MHz S
P—“]l—ll
§_L& S—L& PAL/NTSC
T A
O——=PAL/NTSC
> > 5V<—o0O

Is this cheating? Well, it's not doing anything more than you could do with a large amount of logic, it just takes
up a lot less space. | did consider using a second Z80, a small ROM and some basic 10 ports, that would have
also taken up too much space, but | bet you wouldn't call that cheating, so | challenge your double standards
and stick by my little microcontroller. So there.
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VIDEO RAM

The video RAM is a large 48 pin chip with completely separate address and data busses on each side. One side
is connected to the Z80 bus, and the other to the video circuitry. The video side is addresses in two modes, one
for the 768 bytes of video RAM, and the other for the 1K of font RAM. The mode also acts as the A10 line to
select the block of RAM. The A10 pin on the Z80 side is actually attached to Al1, as the 1K blocks are mirrored
within those 2K windows. The two mirrors were originally used to select priority, but since contention is now
done on the address level rather than the whole bank, the two banks now act identically but the mirroring is
left in place for compatibility reasons.

The process of generating a character starts by addressing the video RAM using a row and column, two 5 bit
addresses, part of which is enabled in this mode via the 245 buffer. This address selects a character on the
video data bus. This character number is latched into a 574 character latch. The mode is then switched to one
where it is addresses using the character number and a line number, which selects 8 bits of pixel data for one
line of the character. All this happens within 8 clock cycles ready for the next character.

Dual Port Video RAM

VideoRAM.1
Vides _RAM_CS</) CER CEL pl>AT_VideoRAM_CS

wR<-48l R/WR R/ [2—>ov Row/Column Buffer Character Latch

RD<%3 BER OEL p3>ov
Warr<25| BUSYR BUSYL p*—x 245 574

“ . ) Row & Colamn / Line & Char<—'2| OF vee 25y e & Char<—Y OF VDD [22->5v

A@ﬁ AGR AOL 7%vm (Col @ / Line ) ov<—1 T/R 574 _Cateh<— ] CLK

A< AR AL F—>VA1 (Col 1/ Line 1)

AZ% AR A2L %VM (Col 2 / Line 2) VA3 (Col 3 / Char 8)<—2| AR BoHE >col 3 voe<—2] po 00 H&>vA3 (Col 3 / Char @)
A3ﬁ A3R A3L ?V“ (Col 3 / Char 0) VA4 (Col 4 / Char <—3] A1 BIPZ>col 4 vo1<—3 p1 O1P8—>va4 (Col 4 / Char 1)
M% A4R A4L ?VM (Col 4 / Char 1) VAS (Row @ / Char 2)<—3{ A2 B2 HE >Row @ vo2<—4{ D2 02 PZ>vA5 (Row @ / Char 2)
A< ASR ASL [ —>vas (Row @ / Char 2) VA6 (Row 1 / Char 3)<—3] A3 B3 & >Row 1 vp3<—3 D3 03 & >vA6 (Row 1 / Char 3)
Ae<— | ASR ABL [~—>VAG (Row 1/ Char 3) VA7 (Row 2 / Char 4)<—5{ A4 B4 M4>Row 2 voa<—E{ D4 04 [5>VA7 (Row 2 / Char 4)
A7ﬁ A7R ATL ?V” (Row 2 / Char 4) VA8 (Row 3 / Char 5)<—Z{ A5 B5H2 >Row 3 vos<—1 ps 05 H4>vAg (Row 3 / Char 5)
A<l ABR ABL [s A8 (Row 3 / Char 5) VAS (Row 4 / Char 8)<—2| AB B6 H2>Row 4 voe<—81 p6 06 P2>vag (Row 4 / Chor 6)
Agﬁ ASR AL ?VAQ (Row 4 / Char 8) X2 A7 B7HL>av vor<—Y p7 07 F2>char 7 (invert)
an<44 AtRR AMQL [4—>Row & Column / Line & Char

25 . ov<—12] GND ov<—12 GND

Do<—=>{1/0@R |70@L | >—voe

o1<-2811/0R 1/701L 1= vo1

02<-2711/02R 1702L 8—>vp2 86.2

03<2811/03R 17031 P&>vo3 e 5

0e<911/04R 1/04L 22> o4 > & Chor

ps<— | VOSR 1/05L [ —>vos Row & Column / Line & Char<—%

D6<—11/06R 1/06L [==>vD6

07<-2{ V7R 1/07L |23->vo7

Those 8 bits of pixel data are latched into a 166 shift register, which clocks them out at 6.5Mhz. The 7" bit of
the character code is the inverted / not inverted signal, which is latched in a 74 latch. The pixel data is inverted
0, 1 or 2 times at this stage, then synchronised with the 6.5MHz clock to give clean transitions. The composite
video signal is then generated from the luminance and sync signals.

Pixel Generation

166 . L . .
e PRy Invert Pixel Synchronisation Composite video output
sv<—2 TR a
ov<—8] CLK_INH
6.5MHz<—2] CLK

av<—f
voe<—2]
vot<—3]
voz<—H
Vo<
voa<—12
vps<—11
vos<—12|
Vo<

@

o

FS
5V
R102

QH NN\ 86.1 < 744221 R1o1

5V

2K2
6.5MHz<—3{ CLK

]

Y
=

@

Char 7 (invert)<—2{ D D101

IOTMMoOOW>®V
10
~
N
=
NG
N

Inverse/Normal CLR Q&
77766 _Lateh<—1 CLK sv<—0 Syne

av<—8{ GND alex ov<—a i

o
Clear Jinvert<-(J =
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POWER

All the circuitry runs from 5V. Current consumption with HC chips and a modern EPROM and Z80 is around
65mA. This is provided by a 7805 regulator fed from a 9V input with selectable polarity.

The regulator does not need a heatsink if running the board alone, but may be necessary if multiple RC2014
cards are attached.

o All 100nF

power 5 Polarity

ey B L L L L L

22uF

You can also power the board from the RC2014 bus, in which case you can omit the DC jack, polarity jumpers, 22uF
capacitor and 7805 regulator.

ALTERNATE ROM OPTIONS

The Minstrel 4™ comes with 4 ROM options, selectable by jumpers.

JUIPTER ACE COMPATIBLE FORTH
This is the recommended ROM for the Minstrel 4th, so you can use the power of Forth as a native language.

It is recommended to run this at 3.25MHz (the same speed as the Jupiter Ace). It will run from the double
speed 6.5MHz, but the BEEP will be higher pitched and the timing for load and save will be out.

JUPITER ACE COMPATIBLE FORTH WITH SERIAL SUPPORT AND UTILITY WORDS

This adds a selection of words to the standard Forth ROM to support an RC2014 68B50 serial card. This
includes replacement LOAD and SAVE words which allow programs to be transferred over serial to a PC, and a
variety of useful Forth words to aid development.

See https://github.com/nihirash/Minstrel4th-rom-patch for full information.

ZX80 INTEGER BASIC
This is an experimental modification of the ZX80 4K BASIC ROM to support the Minstrel 4™ hardware.

Most* programs should work, you should be able to load and save from tape in ZX80 format, or load .o files via
external hardware. This works at the same speed as the ZX80.

ZX81 FLOATING POINT BASIC
This is an experimental modification of the ZX81 8K BASIC ROM to suit the Minstrel 4™ hardware.

Most* programs should work, you should be able to load and save from tape in ZX81 format, or load .p files via
external hardware.

Slow mode is supported, so game like 3D Monster Maze that will not work on a Minstrel 2 or ZX80, will work
here. This runs 100% the speed of a ZX81.
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*NOTES ON ZX80 AND ZX81 BASIC

The initialisation, display and keyboard routines have been modified to suit the Minstrel 4™ hardware. New
load and save routines have been written which show a countdown as the Minstrel 4™ display is still active.

The tape input is connected to a different pin, so any programs that use custom load routines will not work.
The clock needs to be 3.25MHz for these to work.

The original ZX80 and ZX81 only ever expected to see 16K of RAM, so this is the default. The extra 32K is active
and can be used, but it not seen by BASIC until you poke RAMTOP with the new values.

The display can only ever be character based, so none of the pseudo high resolution graphics modes will work.
The character set can be modified as it is writable on the Minstrel 4™, but that would need specially written
software.

There is a slight difference in the keyboard layout; the middle 8 keys in the bottom row are rotated 1 place to
the right, due to the way the Jupiter ACE keyboard is laid out. The built in editor and functions such as INKEYS
have been patched to return the correct keys, but any programs that implement their own keyboard scan
routines may see Z when you press X etc.

The following keyboard layouts can be used for reference for 4K Integer BASIC and 8K Floating Point BASIC
respectively.

tynemouth software minstrel keyboard 4K BASIC

RUI

f e 5 06 6 6 0k )6 )6 )6 )

" T I
N e S P I P

CLEAR CLS GOSUB RET NEXT BREAK

bz T e Ty Te T T LS

tynemouth software minstrel keyboard 8K BASIC

P P P P P R PO P O
P P e e e P I
PR e e R PO O

P P O

These should be considered experimental. Future plans include adding IN, OUT and BEEP keyboards, and a

machine code monitor using the NMI button.
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RC2014 BUS

There is a full RC2014 bus connector on the side of the board. This can be fitted with a 40 way connector for
standard RC40 bus cards, or with a 40 way and 10 way connectors, the enhanced bus. This can be used to
attach a single RC2014 module, or an RC2014 backplane for multiple modules.

Pin number Second row (if fitted) Main row

1 Al5

2 Al4

3 Al3

4 Al12

5 All

6 Al10

7 A9

8 A8

9 A7
10 A6
11 A5
12 A4
13 A3
14 A2
15 Al
16 A0
17 GND GND
18 vcC VCC
19 /Refresh /M1
20 /RESET2 (not connected) /RESET
21 Clock 2 Clock 1
22 /BUSACK JINT
23 JHALT /MREQ
24 /BUSRQ /WR
25 JWAIT /RD
26 /NMI /IORQ
27 DO
28 D1
29 D2
30 D3
31 D4
32 D5
33 D6
34 D7
35 Tx
36 Rx
37 Spare 1
38 Spare 2
39 Spare 3
40 Spare 4

RC2014 is copyright RFC2795 Ltd. The Minstrel 4" is 'designed for RC2014'.
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The following RC2014 Modules have been designed for or tested with Minstrel 4",

e  https://www.tindie.com/products/shieladixon/usb-keyboard-interface-for-minstrel-4th-4d/

e  https://www.tindie.com/products/dr_ian johnson/jester-ace/

e  https://z80kits.com/shop/tynemouth-68b50-clocked-serial-port/

e  https://z80kits.com/shop/tynemouth-joystick-module-for-rc2014/

e  https://www.tindie.com/products/semachthemonkey/ym2149-sound-card-for-rc2014-retro-

computer/

e  https://www.tindie.com/products/semachthemonkey/backplane-5-for-rc2014-z80-homebrew-

computer/

e  https://www.tindie.com/products/semachthemonkey/digital-io-module-for-rc2014-z80-homebrew-

computer/

Many more are available, see also:

e  https://z80kits.com/
e  https://www.tindie.com/stores/semachthemonkey/items/

e  https://www.tindie.com/stores/tynemouth/items/
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