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(zxbyte.ru) - SCART connection by Alexey (dzen.ru/a/YM4qYfq0_lbXX57N)
Z.A.N. schematic (sblive.narod.ru) - Circuit improvements by Sergey Bagan (a.k.a. Pruzak)
Original circuit by Sergey Zonov (ZS Research, 1988) - This schematic adapted from
DD29/DD41 in the original schematic (2764) are substituted with a 27128 (U29)
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Keyboard Output 1 (Columns 2 & 9)

Pin 15 (~{Output Enable}) Low: Outputs Active
Pin 15 (~{Output Enable}) High: Outputs Disabled

~{IORD}= I/O Read Request

~{IORD}= I/O Read Request

Address Bit 0

Outputs are enabled when ~{IORD}is
active (low).

When ~{IORD}is active and A0 is low,
l0 (keyboard, tape) inputs are passed
to the data bus.

When ~{IORD}is active and A0 is high,
l1 (joystick) inputs are passed to the
data bus.

A0 is high on every second address.
(0001, 0003 etc.)

Joystick Fire
Keyboard Output 4 (Columns 5 & 6)

Save(CassetteMic)

Parallel-to-Serial
ShiftRegister

TI = 7MHz
Pixel Shift

INK/BORDER Red

These diodes prevent the address
lines from short circuiting when

multiple keys are pressed at once.

Data Bus
0-3

Load(CassetteEar)

KeyboardConnector

R
ig

ht

Joystick
(AtariCompatible)

INK/BORDER Blue

INK/BORDER Green

H1

PAPER/BORDER Green

U40A Inputs

Address Bus

Data Bus

Brightness Data (to U36)

Dual audio jacks aid in connection
to stereo TV sets/monitors.

Border Color 2
Data Bit 1 Output from DRAM

Data Bit 2 Output from DRAM
Border Color 0

Data Bit 5 Output from DRAM

Data Bit 4 Output from DRAM

FLASH Bit

Audio+ RGBVideoOut

Used as a sync signal.

PAPER Red Bit

Data Bit 7 Output from DRAM

INK Red Bit

Data Bit 0 Output from DRAM

Data Bit 3 Output from DRAM

~{BORDER}= Border Active (when low)
H2 = 875 kHz (8x slower than pixel clock)

~{BORDER}is active (low) when
either the horizontal or vertical

borders are active (low).

Connectors

Supplying 1-3V on pin 16 forces
the TV to use RGB mode.

CustomA/V Connector

AudioOut

CUI/Same Sky SDF-80J or SDS-80J
(8-pin full-size DIN, female)

For wiring to custom audio/video
connector (e.g. VGA).

Pin numbering shown here matches
standard DIN pin numbering.

Reset circuit by Pruzak.

D11 prevents ~{RESET}voltage
from exceeding 5V.

In the original reset circuit
(without D11), R5 is þÿ�1�0�K�©�.

CPU(3.5MHzZ80A)

Hardwired to 0 (GND)

Border Color 1

Border Color 2

Pin 1 (Select) Low: l0 Inputs Active
Pin 1 (Select) High: l1 Inputs Active

Pin 15 (~{Output Enable}) Low: Outputs Active
Pin 15 (~{Output Enable}) High: Outputs Forced To 0

74LS157 Functionality

High brightness and pixel flash are
disabled when border is being drawn.

~{WR}= CPU Write
~{RD}= CPU Read

~{BORDER}= Border Active (when low)

~{INT}= Interrupt Request (I/O to CPU)

~{RAS}= DRAM Row Access Strobe (3.5MHz)

H3

DataBus
PullupResistors

~{BS}

1

WRBUF

~{RFSH}= CPU DRAM Refresh Request
~{M1}= CPU Opcode Fetch

0

1
0

00
00 -

7F
F

F
80

00

16K16K
64K

0
1

1
0
1

0

Pixel Duration:
0.275 þÿ�¼�s

Attribute Sector Scanline Duration (8 pix.):
2.2 þÿ�¼�s(437.5 kHz)

Screen Scanline Duration (256 pix.):
70.4 þÿ�¼�s

Right Border/Horizontal Sync/Left Border Scanline Duration (192 pix.):
52.8 þÿ�¼�s

Total Scanline Duration (448 pix.):
123.2 þÿ�¼�s

(these timings may be inaccurate, double check)

Screen
Attribute

Sector
(8X8 pix.)

Screen
Attribute

Sector
(8X8 pix.)

A14

~{CSRAM}= CPU RAM Read

1

1
0

16K 16K

B
F

F
F

0

1

1
0

0

0

Screen
Attribute

Sector
(8X8 pix.)

Screen
Attribute

Sector
(8X8 pix.)

BK þÿ�÷32

Clock (pin 1) advances on BK rising edge.

Switches between high/low every 32 frames.

Pixel data is inverted when FLASH and color
data bit 7 are both high.

(Approx. 1.56Hz/every 0.64 seconds)

Screen
Attribute

Sector
(8X8 pix.)

Screen
Attribute

Sector
(8X8 pix.)

H2 = 875 kHz

Screen
Attribute

Sector
(8X8 pix.)

SystemRAM/ROMReadLogic
This logic instructs the RAM output buffer

and ROM to send data to the CPU.

Pin 4: Audio GND
Pin 5: Blue GND
Pin 9: Green GND
Pin 13: Red GND
Pin 18: Blanking Signal GND

-

C
00

0

-

F
F

F
F

Active (high) if both A14
and A15 are low.

(Lower 16K of 64K
address space)

~{M1}= CPU Opcode Fetch

~{WRBUF}

Screen
Attribute

Sector
(8X8 pix.)

~{WAIT}= Memory or I/O Not Ready
(sent to CPU)

0

Active (low) if ~{RDROM}is
inactive (high) and MREAD is

active (high).

In other words, active if CPU
is reading memory in upper 48K

of 64K address space.

Active (low) if CPU is reading
memory from lower 16K of 64K

address space. Connected to ROM
chip enable and output enable.

~{CSRAM}= CPU RAM Read

~{RDROM}= CPU ROM Read

~{IORQ}= CPU I/O Request

~{WR}= CPU Write

1

Brightness Data

If brightness is set to 0, the RGB signal voltage
levels will be reduced, darkening the colors.

If brightness is set to 1, the intensity output will
have no influence on the RGB signal levels.

Some schematics recommend þÿ�6�8�0�©resistors for
R33-R35, but þÿ�3�K�©resistors result in colors more

accurate to the original Spectrum.

Blue Video Data

Red Video Data

Green Video Data
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B
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R
ed

B
lu

e

Each 8x8 color grid
sector has 2 colors
(switched between by
U11A).

Both of these colors
can be selected from
a palette of 8 colors
(shades of gray if
using composite video).

An additional brightness
bit sets the brightness
for each sector,
allowing for a total of
16 colors (although
two of them are the
same shade of black).

Normal and bright
colors cannot be
combined within the
same 8x8 sector.

Border brightness is
hardwired to 0.
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Passed through when drawing BORDER.

Passed through when drawing BORDER.

Outputs are synchronized with pin 11
(connected to H2). They will only update
on the falling edge of H2.

Passed through when drawing SCREEN.

Passed through when drawing SCREEN.

Passed through when drawing SCREEN.

Passed through when drawing SCREEN.
Passed through when drawing BORDER.

Passed through when drawing BORDER.

WRBUF = Load data from RAM
~{CSRAM}= CPU RAM Read (when low)

Data Output
from DRAM

SystemRAMto DataBusOutputBuffer

Disabling the outputs does not affect operation of
the internal latches.

74LS373 Functionality

Pin 11 (~{Latch Enable}) Low: Output Data Latched
Pin 11 (~{Latch Enable}) High: Outputs Follow Inputs

Pin 1 (~{Output Enable}) Low: Outputs Active
Pin 1 (~{Output Enable}) High: Outputs Disabled

Pixel Data

Used as a delay. The pixel data that enters on pin 1 shifts
through Q0-Q2 for 3 clock pulses (falling edge of TI) before

being output on Q3 (pin 10) on the 4th clock pulse.

~{TI}= 7MHz
Pixel Shift

(Inverse)

ScreenRAMDatato PixelStrobeGenerator

Data Output
from DRAM

(4000-57FF)

Improvement by Pruzak.

Delays ~{SCR}pulses.
This helps fix a graphical
glitch when drawing lines.

It also fixes the copyright
symbol text character.

Without this, the rightmost
pixels of the symbol are

not drawn properly.

~{RAS}= DRAM Row Access Strobe
~{CAS}= DRAM Column Access Strobe

~{WE}= DRAM Write Enable

~{RAS}= DRAM Row Access Strobe
~{CAS}= DRAM Column Access Strobe

~{RAS}= DRAM Row Access Strobe

~{WE}= DRAM Write Enable

VerticalVideoTiming

~{BS}= Horizontal Border

~{BK}= Vertical Border

~{BK}= Vertical Border

~{RD}= CPU Read

MREAD = CPU Memory ReadMREAD is active (high) if the CPU
is reading from RAM or ROM (~{RD}

and ~{MREQ}are both active)

~{MREQ}= CPU Memory Request

-

FLASH = Timing for BASIC
flashing text command

40
00

A15

3F
F

F

~{BK}= Vertical Border

~{INT}= Interrupt Request
(I/O to CPU)

Improvement by Pruzak.

If the video signal is unstable,
this may fix the problem.

Value can be between
330pF-1200pF (1.2nF)

Pin 15 (~{Output Enable}) Low: Outputs Active
Pin 15 (~{Output Enable}) High: Outputs Disabled

Pin 1 (Select) Low: l0 Inputs Active
Pin 1 (Select) High: l1 Inputs Active

H1 = 1.75 MHz

74LS257 Functionality

H1 = 1.75 MHz

l0: A4-A7
l1: A12-A15

RAS = DRAM Row Access (Active High)

U1 - Basic frequency generator

U3 - Frequency generators for VIDEO CONTROLLER (address selecting & screen generating) and other internal devices (1)

U4 - Frequency generators for VIDEO CONTROLLER (address selecting & screen generating) and other internal devices (2)

U5 - Frequency generators for VIDEO CONTROLLER (address selecting & screen generating) and other internal devices (3)

U6 - Frequency generators for VIDEO CONTROLLER (address selecting & screen generating) and other internal devices (4)

U7 - FLASH generator

U11D - Combination of vertical and horizontal synchronization pulses

U13B - (~{BORDER})BORDER/SCREEN drawing

U13C - Vertical synchronization pulses (1)

U15 - CPU address multiplexers (1)

U16 - CPU address multiplexers (2)

U17 - VIDEO CONTROLLER address multiplexers (1)

U18 - VIDEO CONTROLLER address multiplexers (2)

U19 - VIDEO CONTROLLER address multiplexers (3)

U30 - Switcher of BORDER/SCREEN for painting (1)

U31 - Switcher of BORDER/SCREEN for painting (2)

U32 - Output buffer of RAM

U33 - Strobe of pixels

U34C - Horizontal synchronization pulses (1)

U35 - Strobe of pixels

U36 - Generated video picture from INK, PAPER, BRIGHTNESS, FLASH

U37 - Input of keyboard (#FE) and Kempston Joystick (#1F) ports (1)

U38 - Input of keyboard (#FE) and Kempston Joystick (#1F) ports (2)

U39 - output port (#FE) keyboard/tape/audio/border

U40B - Vertical synchronization pulses (2)

U40C - Horizontal synchronization pulses (2)

U41 - Processing of data signal from tape recorder (1)

U42 - Processing of data signal from tape recorder (2)

U43 - Supply voltage regulation

Original 48K ZX Spectrum clock frequency = 3.50000 MHz
(source: neuro.me.uk/projects/wos/sinclairfaq.dev/ng/cssfaq/reference/128kreference.htm)

Pixel resolution (HxV): 256x192

Color grid resolution: 32x24

Each color grid sector contains 8x8 pixels. Aside from the two colors (out of 8 total) assigned to each sector, sectors
can also be set to high or low brightness (also referred to as intensity).

As a result, the full color palette consists of 16 colors (technically 15; two of them are the same shade of black).

l0: A0-A3
l1: A8-A11

RAS = DRAM Row Access (Active High)

RAS/~{RAS}Inactive: Lower Half of Address Bus
RAS/~{RAS}Active: Upper Half of Address Bus

Inputs sent to DRAM when H1 is low.

U15, U16

The PWR_FLAG labels have no effect on the circuit; they are only present
to signal to the KiCad error checker where the power lines are.

7805 compatible

Hardwired to 0 (GND)

Hardwired to 1 (VCC)

DRAM Voltage Filtering Capacitors

SystemRAMAddressSelect

H2 = 875 kHz

H2 = 875 kHz

~{RAS}/RAS= 3.5MHz

H0Improvement by Pruzak.

Increases signal level of ~{RAS}to 5V
(required by Zilog-made Z80s).

~{TI}= 7MHz Pixel
Shift (Inverse)

TI = 7MHz Pixel Shift

Due to being triggered by TI instead of
~{TI},the rising and falling edges of RAS
and ~{RAS}are offset from those of H0.

Doubles as CPU clock input.

RAS

~{TI}= 7MHz
Pixel Shift
(Inverse)

PixelShiftGenerator

ClockGenerator

Improvement by Konstantin Aigi. (cxemateka.ru)

The addition of R38 makes the waveform of the clock output signal much cleaner.

(Originally only R1 would be installed here, with a value of 360 ohms.)

Acceptable frequency range:
13.? MHz - 14.5 MHz

Ideal frequency: 14.0 MHz

H7 = 27.34375 kHz (H6 þÿ�÷2)
H6 = 54.6875 kHz (H5 þÿ�÷2)

H4 = 218.75 kHz (H3 þÿ�÷2)
H5 = 109.375 kHz (H4 þÿ�÷2)

H0 = 3.5 MHz (~{TI}þÿ�÷2)

H3 = 437.5 kHz (H2 þÿ�÷2)

H1 = 1.75 MHz (H0 þÿ�÷2)
H2 = 875 kHz (H1 þÿ�÷2)

~{H1}= 1.75 MHz (Inverse)

~{TI}= 7MHz Pixel Shift
(Inverse)

HorizontalVideoTiming

~{CAS}= DRAM Column Access Strobe

~{RD}= CPU Read

~{RFSH}= CPU DRAM Refresh Request

~{RD}= CPU Read

~{IORQ}= CPU I/O Request

Hardwired to 1 (VCC)

~{WE}= DRAM Write Enable

~{RAS}= DRAM Row Access Strobe
~{CAS}= DRAM Column Access Strobe

~{WE}= DRAM Write Enable

~{CAS}= DRAM Column Access Strobe
~{WE}= DRAM Write Enable

ScreenRAMAddressSelect

~{WE}= DRAM Write Enable

~{RAS}= DRAM Row Access Strobe

~{RAS}= DRAM Row Access Strobe

~{RAS}= DRAM Row Access Strobe
~{CAS}= DRAM Column Access Strobe

RAS = DRAM Row Access (Active High)

Hardwired to 0 (GND)

Hardwired to 0 (GND)

~{H1}= 1.75 MHz (Inverse)

RAS = DRAM Row Access
(Active High)

Lower Border
(48 pix. down)

R
ig
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0 0

When WRBUF/~{WRBUF}is active, data is loaded
from RAM into the data bus output buffer.

10

~{H1}

U10B NOR Output (SCR)

U40A NAND Output

TimingComparison

1

V2

~{H1}= 1.75 MHz (Inverse)Outputs always active.

~{BORDER}

H1

H0

U40A NAND Output

H1 = 1.75 MHz

U40A Inputs

~{BORDER}= Border Active

H0 = 3.5 MHz

Display/RAMTimingLogic

Border Color 0 (Blue)

Border Color 2 (Green)

VCC

~{IOWR}= I/O Write Request

Data Bus
0-4

VCC VCC

In the original schematic, D2, D3 and R4
function as a diode AND gate. I've replaced

them with a 74LS08 to reduce component count.
The output is high if U31 pin 12 and FLASH

are both high.

FLASH timing signal switches every 32 frames.
(Approx. 1.56Hz/every 0.64 seconds)

Pixel Data (to U36)

INFV = Pixel Data
(from U35)

From cassette
"EAR" connector

MC1456 = Op-amp

FLASH On/Off

When ~{WE}is active (low), the computer can write to the RAM.
When ~{WE}is inactive (high), the computer can read from the RAM.

~{WE}= DRAM Write Enable

~{RAS}= DRAM Row Access Strobe
~{CAS}= DRAM Column Access Strobe

~{WE}= DRAM Write Enable

FLASH Timing

VCC

Inverts INFV if U31 pin 12 and FLASH are both high.
Otherwise, passes INFV signal through unchanged.

Border Color 1 (Red)

"Blanking"
Signal

~{KS}= Vertical Sync

Joystick Down

Joystick Left

Address Bit 0

Data Bus
4-7

Keyboard Output 0 (Columns 1 & 10)

Pin 1 (Select) Low: l0 Inputs Active
Pin 1 (Select) High: l1 Inputs Active

Tape Input (from load circuit)

74LS257 Functionality

~{SS}= Horizontal Sync

16KB(16Kbitx 8) ROM Keyboard/Tape/JoystickRead

~{RDROM}= CPU ROM Read

~{SYNC}goes high during H/V sync pulses (opposite to SYNC).
Used to disable video output from U36 during sync pulses.

~{H1}= 1.75 MHz (Inverse)

RAS = DRAM ~{RAS}Inactive

If U44 is not installed, JP6 can be used to
connect pin 15 of U36 to the output of U11D

(original configuration with no black level pulse).

DO NOT install JP6 if U44 is installed; doing
so will connect two outputs together, potentially

damaging U11 and U44!

U45 must be installed, as it is also used for the
FLASH circuitry.

~{WE}= DRAM Write Enable

High if ~{RD}and ~{RFSH}
are both inactive (high),

and ~{MREQ}is active (low).

Low if ~{RD}and ~{RFSH}
are both inactive (high).

RAM,I/O Read-WriteLogic

U9B acts as a synchronized inverter
for the output of U10A. It only

updates on the rising edge of RAS.

When ~{H1}is low, ~{WE}will be forced
inactive (high) regardless of the

state of RAS.

When ~{H1}goes high, the output will
remain high until the next update.

~{IOWR}= I/O Write Request

~{IORD}= I/O Read Request Active (low) if ~{IORQ}and ~{RD}
are both active (low).

Active (low) if ~{IORQ}and ~{WR}
are both active (low).

R10, R11 and R12
have been changed
to þÿ�5�1�0�©for SCART

voltage level
compatability.

Originally, these
resistors would be

þÿ�2�7�©�.

Used as
inverter.

~{MREQ}= CPU Memory Request

WRBUF

~{H1}

~{BS}= Horizontal Border

Active (low) when either
the horizontal or vertical
borders are active (low).

~{BK}= Vertical Border

~{H1}= 1.75 MHz (Inverse)

H0 = 3.5 MHz

Improvement by Pruzak.

Delays the ~{BORDER}signal.
(I'm not sure why)

U34B Input

U13A Inputs

~{WRBUF}

H0

~{CAS}= DRAM Column Access Strobe

~{RAS}= DRAM Row Access Strobe

Tape Data Input (to computer)

To cassette "MIC" connector

Audio Out (Line level, to TV)

Keyboard
Inputs

Joystick
Inputs

Tape Data Input
(to computer)

Border Color 1

PAPER Blue Bit

Data Bit 6 Output from DRAM

MonochromeVideoOut

INK Green Bit

PAPER Green Bit

1 11 1

RAM
Capacity of individual ICs: 64Kbit x 1

Total capacity: 64Kbit x 8 (Only upper 48KB used)

0

Passed through when drawing BORDER.

Passed through when drawing SCREEN.

BRIGHT BitPassed through when drawing SCREEN.

H2 = 875 kHz (8x slower than pixel clock)

Passed through when drawing BORDER.

0

LM211 = Voltage comparator

Passed through when drawing BORDER.

74LS298 Functionality

PAPER/BORDER Red

H0 = 3.5 MHz

Hardwired to 0 (GND)

PAPER/BORDER Blue

FLASH Pixel Data Invert

Passed through when drawing BORDER.

CassetteInterface,AudioOut

~{CAS}= DRAM Column Access Strobe

Improvement by Konstantin Aigi. (cxemateka.ru)

Along with R40 and C11, delays ~{SCR}pulses to
fix line drawing.

Konstantin recommends 1nF, but I found it
works best with around 220-330pF.

~{BK}

Keyboard/Joystick/Tape
InputPullupResistors

V3

RAS = DRAM Row Access
(Active High)

H0

I recommend using a switching 7805 replacement for U43. Switching regulators such as the TSR 1-2450 don't require a heatsink and
generate a voltage much closer to 5.0V. The TSR 1-2450 in particular has built in filtering caps, negating the need for C16 and C17.

H2

Attribute Memory
(5800-5AFF)
Byte Contents

Passed through when drawing SCREEN.

Pin 10 (Select) Low: l0 Inputs Active
Pin 10 (Select) High: l1 Inputs Active

INK Blue Bit

Passed through when drawing SCREEN.

Border Color 0

Attribute Memory
(5800-5AFF)
Byte Contents

UnusedLogic

From https://zxbyte.ru/leningrad_video_out.htm

Original:

þÿ���@�0�2�8�;�L�=�5�5þÿ�1�C�4�5�B�,þÿ�5�A�;�8þÿ�M�B�>�Bþÿ�<�C�;�L�B�8�?�;�5�:�A�>�@þÿ�1�C�4�5�Bþÿ�=�5þÿ�����1�1�,
þÿ�0þÿ�����1�6�:þÿ�Cþÿ�=�5�3�>þÿ�?�>þÿ�?�@�8�E�>�4�Cþÿ�3�0�A�O�I�5�3�>þÿ�8�<�?�C�;�L�A�0þÿ�(�:�>�3�4�0þÿ�=�0
þÿ�2�K�2�>�415 þÿ�?�>�4�0�Q�B�A�Oþÿ�;�>�3�.�1�)þÿ�2�K�E�>�4�Kþÿ�C�A�B�0�=�0�2�;�8�2�0�N�B�A�Oþÿ�2þÿ�;�>�3�.�0�,
þÿ�G�B�>þÿ�A�>�>�B�2�5�B�A�B�2�C�5�Bþÿ�G�5�@�=�>�<�Cþÿ�F�2�5�B�C�.þÿ��þÿ�>�B�;�8�G�8�5þÿ�>�Bþÿ�����1�6þÿ�Cþÿ�����1�1
þÿ�?�@�8þÿ�?�>�4�0�G�5þÿ�;�>�3�.�1þÿ�=�0þÿ�1�5�-�9þÿ�2�K�2�>�4þÿ�2�K�E�>�4�Kþÿ�?�5�@�5�E�>�4�O�Bþÿ�2
þÿ�Z�-�A�>�A�B�>�O�=�8�5þÿ�(�?�>�?�@�>�A�B�Cþÿ�>�B�:�;�N�G�0�N�B�A�O�)�.þÿ���@�8þÿ�M�B�>�<þÿ�G�5�@�=�K�9þÿ�F�2�5�B
þÿ�=�5þÿ�D�>�@�<�8�@�C�5�B�A�O�.þÿ�'�B�>�1�Kþÿ�8�A�?�@�0�2�8�B�Lþÿ�M�B�Cþÿ�=�5�4�>�@�0�1�>�B�:�Cþÿ�4�>�A�B�0�B�>�G�=�>
þÿ�"�7�0�7�5�<�;�8�B�L�"þÿ�2�K�E�>�4�Kþÿ�����1�1þÿ�G�5�@�5�7þÿ�@�5�7�8�A�B�>�@�KR' þÿ�A�>�?�@�>�B�8�2�;�5�=�8�5�<
þÿ�?�>�@�O�4�:�01 þÿ�����<�.

Translated:

It would be better if this multiplexer is 74LS157 instead of
74LS257; it has outputs set to logic 0, which corresponds to
the black color, upon arrival of the blanking pulse (when
logic 1 is applied to pin 15). In contrast, when a logic 1 is
applied to pin 15 of 74LS257, the outputs go to the Z-state
(disabled). In this case, the black color is not formed.

To correct this defect, it is also sufficient to ground the
outputs of a 74LS257 through resistors with a resistance of
about þÿ�1�K�©�.

Pruzak recommends using a 74LS157 for U36. The '157 is a
drop-in equivalent to the '257, the only difference between

the two being that the '157 transmits 0 on all outputs during
sync pulses (as opposed to disabling outputs altogether).

This is required for the black level pulse to work.

l0 (PAPER) inputs are passed
through when pin 1 (pixel data)

is low.

l1 (INK) inputs are passed
through when pin 1 is high.

V0V1

H1

U34E NOT Output (~{SCR})

~{BORDER}

H0

H2

PowerSupply,Regulation,Filtering

U10B Inputs

U34E NOT Output (~{SCR})

~{RAS}

U34E Input U10B NOR Output (SCR)

Used as
inverter.

When SYNC (active low) activates, all outputs of
U36 are forced to 0 (black).

This state remains until the sync pulse has ended
and H3 and H4 are both high (24 pixels after

sync pulse).

Afterwards, U36 resumes normal operation until
the next sync pulse.

~{BS}= Horizontal Border

Improvement by Pruzak.

Delays the horizontal
border signal.

(I'm not sure why)

Improvement by V. Kozlov.
þÿ�(� �0�4�8�>�;�N�1�8�B�5�;�L�/�R�a�d�i�o�l�u�b�i�t�e�lNo. 11, 1991, page 9)

Delays RAS signal (may fix issues with DRAM).

DRAMRowAccessGenerator

Improvement by Pruzak (U44, U45 and R4).

Provides a black level reference on the beginning
of each scanline, stabilizing TV color rendering.

Without this, some TVs will interpret the border
color as the black level.

Pixel/ColorCombination& Output

UnusedInverters

U30, U31
l0 inputs are passed through
when border is being drawn.

l1 inputs are passed through
when screen is being drawn.

~{MREQ}= CPU Memory Request
~{IORQ}= CPU I/O Request

~{WAIT}= Memory or I/O Not Ready

~{SS}= Horizontal Sync

~{BS}= Horizontal Border

0 U14B output goes low on every 2nd
U4 carry. (when border begins)

0

14.31818 MHz/14.5 MHz

1-2 Connected = VCC (1)
2-3 Connected = GND (0)

The speed at which the video display is drawn
depends on the crystal frequency used.

To account for varying crystal values, the ABCD input
pins of U4 determine the width of the horizontal

border. (e.g. the binary number that U4 starts
counting from when the border is active)

For example, in the 14.0MHz configuration, U4 will
begin counting from 0011 when the border activates.

(according to sblive.narod.ru)

The screen width is fixed; U4 will always start
counting from 0000 when the screen is active.

When U4 rolls over from 1111 to 0000, the carry
output switches between border/screen mode.

The most ideal crystal frequency is 14.0MHz (same
as original ZX Spectrum crystal). Deviations from

this speed will cause the screen to be drawn slightly
off center, but will otherwise work fine.

While this also affects the speed of tape I/O, tapes
will reportedly load successfully at any speed

between 13.0 to 14.5MHz.

~{KS}= Vertical Sync

Le
ft

U
p

F
ire

D
ow

n

U40A NAND Output
Logic behavior verified in Logisim

Connected to left and right channels.

Joystick Right

Joystick Up

Keyboard Output 2 (Columns 3 & 8)

Keyboard Output 3 (Columns 4 & 7)

0 11
01

JP2

1

JP3

Improvement by Pruzak.

Recommended for correct
operation of U4.

Without this capacitor,
SCREEN switches to BORDER

before the rightmost 8
pixels can be drawn.

0Pin 9 (D) is hardwired to .

0
1

13.0 MHz
X1 Frequency (sblive.narod.ru)

13.5 MHz

14.0 MHz

X1 Frequency (zxbyte.ru)
13.5 MHz

0

Pin
10
(C)

Pin
1

(B)

0

Pin
15
(A)

14.0 MHz
14.31818 MHz/14.5 MHz

JP1-3 Settings

1
0

1

JP2

1

JP1
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Active
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1
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MA41

0

10
0

1
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MA1

0
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0

V0
Out

1

MA0
In
V6

A13 V3

MA2

MA4

U17/U18 inputs sent to DRAM
when H1 is high.
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