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ms LML . Timing Comparison
Aecaplatle Ireaue e ians® Clock Generator _ , Connectors Cassette Interface, Audio Out
N e Audio + RGB Video Out I
Ideal frequency: 14.0 MHz "o Monochrome Video Out Custom A/V Connector Load (Cassette Ear) o \ \ \ .
Improvement by Pruzak. i S 0 e e
J— R36 . N . CUI/Same Sky SDF-80J or SDS-80J J5
‘ Increases signal level of RAS to 5V [ 6800 | Que to being triggered by Tl instead of 2 (8-pin full-size DIN, female) SCART N P4 S D10 [ LM211 = Voltage comparator HO m-n-n-ru-l-n-n-m-l-n-n-m-l-n o
X1 (required by Zilog—made Z80s). Tl, the rising and falling edges of RAS Video_Out Used as a sync signal. Tapeln_Stereo R IN4148 vee MC1456 = Op—amp o
14.00000MHz and RAS are offset from those of HO. 2 For wiring to custom audio/video -I R 16 i Keyboard Connector < HL '_,_l_'_“_l_l_l_“_l_l_l_‘_l_l o
A connector (e.g. VGA). O+ Zn\ M Tapeln_RD Joystick Y <] KA8 vee Keyboard/Joystick/Tape 0
1l |} 1 ; ; 1 1 (Atari Compatible) D11 ; 1
UL _ Pin numbering shown here matches VA = P INGL4E Input Pullup Resistors H2 LT
V1A U1B uic Tl = 7MHz U2A TI = 7MHz Pixel Shift u2s standard DIN pin numbering. = 20 ¢vineo v 19 0
Pixel Shift 74LS74 74LST74 549 Keyboard. C = vee 1
74LS04 74LS04 74LS04 (Inverse) "'T ﬁ RAS/RA M = 18 R24 vee GND eyboard_tonn D12 ~ From cassette R23 H3 | 1 . 0
. , s . 6 1uMz ™ § p v gl HO = 3.5 MHz [0 ) g D gl S/RAS = 3.5MHz RAG > RAS = DRAM Row Access Strobe GND . 47 - (- = 200Q T“Blankmg” INBA4E EAR" connector . , 15K0Q = I 1 I ; 1
B - 1 v . ape Data Input el 2 1 ‘
PC _|e — - PC _ls ut1c l Doubles as CPU clock input. Audio Out AUDIO B = 16 i Signal Save (Cassette Mic) M TAPE_IN > (to computer) | KLA | 3 ) ) 0
o« @ P—T1) T = 7MHz Pixel e AP e 741586 2 RED D15 = — S KL3 1
o - vee Shift (Inverse) = v 9 3 [VIDEO > 3 = 14 ‘ D13 Key‘boartd ) L U40A NAND Output 0 0
= ] 4 nputs [S2]
RAS = DRAM Row A N vcce R 4 IN4148 5 | | |
4700 4700 8 RAS S = DRAM Row Access Audio_Out ED>— 13 = PS5 S— | KL} U10B NOR Output (SCR L
(Active High) 5 1 6 0
10 2 6 |, J10 " = L2¢ || supplying 1-3V on pin 16 forces TapeOut_Stereo R <] [KLO] 5 ¢
— 1 the TV to use RGB mode. D14 DVO =R
. . UDID 7 SDF-80J GREEN = R 37 1 |ovoy U34E NOT Output (5CR
‘ Pixel Shift Generator DRAM Row Access Generator 1 s ; 5 = 19 b TapeOut_ WR 1N4148 D6 7 D5 N R27 c3 v ch Joystick DV g (5CR) | I u I I 2
| N4t NG44 43K F ND DV2
N c12 > - = 8 N ~ = IN4148 IN4148 3KQ 22n G 0.1uF inputs b2 10 WRBUF | | | | :
Improvement by Konstantin Aigi. (cxemateka.ru) ; 4 51 |- (=] =X 4 < GND D15 11
Improvement by V. Kozlov. 100p J s BLUE 7 = 8 DV4 WRBUF www‘-lr 1
The addition of R38 makes the waveform of the clock output signal much cleaner. (Padnoniobutens/Radiolubitel No. 11, 1991, page 9) GND Audio_Out SHIELD_1 = 6 GND GND Kempston_Joystick 1N4148 * - - Tape Data Input (to computer) —— TAPEJN}Q | 0
. . . . . . 2 p! 5 - <] R28 BK V3 v2 vi Vo |
Originally only R1 would be installed here, with a value of 360 ohms. Delays RAS signal (may fix issues with DRAM). r————————— == <
(orig yony ) Y 9 (may fix issues wi ) GND AUDIO ~ (] 4 o AUDIO Connected to left and right channels. D16 430Q e e e e T !
GND
L GND x> ) , ING148
=
Hori tal Vid. Timi sl — S o
~ -~ orizontal Video Timing e /% B ERS—— o -
Attribute
< g
Pin 4: Audio GND 2
U34A Dual audio jacks aid in connection Pin 5: Blue GND C8 e X
741504 to stereo TV sets/monitors. — guz ?%G;?zznGGNNDD rlrzese g.‘odeghpye;vept tty‘g addrryess vce 0.1uF A%ﬁge:e A%tcr?gz:e :—
— ! : ines from short circuiting when ribu vy
15 = 3.5 MHz (T + 2) GND Pin 18: Blanking Signal GND mult Sect Sect =
. + o H ple keys are pressed at once. U39 . . ector ector
110 = 1.75 MHz (HO + 2) A1 = 1.75 MHz (Inverse) 9 7ais174 i AUDIO » Audio Out (Line level, to TV) (LGS (8X8 pix.) g
=875 kHz (HL +2) |77 T T A el i e e s g
AL Screen
9 = 437.5 kHz (H2 + 2) Y Qo |-2-AUDIO_OUT PRIy Attribute e
> Q1[5 TAPE OUT IS Sector =
11 Q2 —170 BRD2 » Border Color 2 (Green) R31 oci?xF 77777 B [CECITY®] (8XB pix.) &
- . 3 ] Barder Color 1 (Red) 1.2KQ :
Tl = 7MHz Pixel Shift —113 Q3 BRD1
(Inverse) > 2P BO X Qs L2 18Rp0 » Barder Color 0 (Blue) g
: 15 -SAVE To cassette "MIC" cannectar
14 ?E’L’IN a Unused Inverters Reset circuit by Pruzak. . . Q5 =X
=z
2 CPU (3.5MHz Z80A) | s.: erore 5205t satone 16KB (16Kbit x 8) ROM Keyboard/Tape/Joystick Read I N P 1 e
i ;ﬁg& from exceeding 5V. 1KQ I 6.8nF 0101010401 (bawer Border,
S L
. L 2
In the original reset circuit o
without D11), R5 is 10KQ. U15, Uié u17, u1s, U19
9 8 GND GND
GND GND vee vee ol (System RAM) (Screen RAM)
U3_CARRY vce H1 Low H1 High
P3 usoC U1E u37 RAS/RAS| | RAS/RAS| | RAS/RAS RAS/RAS Active
74LS04 RS D3 SW2 GND Inactive Active Inactive H2 Low H2 High
Utp15_ClkDvd Set u34C 741510 1KQ INGL4E  Reset J 74Ls2s7 in JOut| [In JOut| [In JOut| [In JOut| [ In [Out
74LS04 BS 9 A0 | MAO A8 | MAO H3 [ MAO Vo | MAO V6 | MAO
—~ 2 (3] 4
155 o3 0 S - Horizontal Sync 11 0. = = Keyboard Output O (Columns 1 & 10)  [KLO)—=—10a & Za AL |MAL| [A9 [MAL| [H4 [MAL| [Vi[MAL] [V7 WAL
— y * Joystick Right [Dvo 11a
! 2 e He 1 A2 [MA2| [A10[MA2| [H5 [mA2| [Vvz |mA2| [0 |MA2
+ Cc1 A3 | MA3 A11 [ MA3 H6 | MA3 V6 | MA3 1 |MA3
U34F 5 7
741504 10uF 16V GND Keyboard Output 1 (Columns 2 & 9) = | KLL )—-—~ 10b 2t oL A4 |MAG| [A12|MA4| [H7 |[MA4| [V7 [MA4| [ 1 [MA%
JP2 Joystick Left [ pvi 11b Data Bus
Ulp1_CIkDvd_Set [T} vee vee 0-3 D' l RAM T. . L . A5 | MA5 A13| MAS V3 | MA5 0 | MAS 0 | MAS
, _ 4 _
& _ , __ 9 / A6 |MA6| [A14|MA6| [Vv4 [MAG| | 1 |MA6| [ 1 [MA6
Lo~ 3 3 vee S = Horizontal Border 13>d;>< GND u20 Keyboard Output 2 “"i‘;ms“‘?cf [5‘083 1(1) :2‘: Zc 'sp ay ,mlng og’c 47 [MA7| [A15|MA7| [V5 [MA7| [0 |MA7| [ 0 |MA7
$——90 ¢ o9 o] 2804 ystl v c 10 i 1x/10 0/11 1/1L
\v4 |
N | Pruzak R6 o Keyboard Qutput 3 (Columns 4 & 7) 14 12 U15/U16 inputs sent UL7/U48 Inputs sent to DRAM
mprovement by Pruzak. GND Y] — S eyboa utpu olumns 10d Zd to DRAM when Hi 1s '/ inputs sent to
1 10KQ RESET g A0 I Joystick Up  [Dv3o—t3] 114 - when H1 is high.
p1 < Delays the horizontal ——— AL .
Ubpto_Clidvd Set | 3 - 2875 iz (43 + 2) border signal, 27eF A2 TORD = 1,/0 Read Request 15
_ClkDvd_Se E) - N . — = ead Reques!
’ = ég%g;g i §gg : g (I'm not sure why) RAS = DRAM Row Access Strobe (3.5MHz) | [RAS 6 Lerk A3 /0 Read Reques: 1 SE 2 5 Pixel Duraton:
o~ =1 e ® © H1 Improvement by Konstantin Aigi. (cxemateka.ru . us
1 53 L o = 27.34375 kHz (H6 + 2) ﬁg : o ( )
= LT ©| Along with R40 and C11, delays SCR pulses to Attribute Sector Scanline Duration (8 pix.):
N 3 ot 12 g - _ ueon oputs < 0 |TUTLLLALLILLILILA g - deloy SCR pulses ;
1-2 Connected = VCC (1) T I = Interrunt Request (170 to CPU) [T 16| M Ab RDROM = CPU ROM Read [RDROM 2zc—E a fix line drawing. 2.2 ps (437.5 kHz)
2-3 Connected = GND (0) = Interrupt Request (/0 to ) |[vT INT A7 Address Bus g ~ . . R . .
A8 < - - BORDER l— Konstantin recommends 1nF, but | found it Screen Scanline Duration (256 pix.):
A9 o GND Active (low) when efther works best with around 220-330pF. 70.4 us
__ 27| vee the horizontal or vertical U40A NAND Output
< _ M1 = CPU Opcode Fetch | (M1} 8 M1 AL0 U138 borders are active (low). utpu I-I I-I I-I I-I . . Right Border/Horizontal Sync/Left Border Scanline Duration (192 pix.):
D RFSH = CPU DRAM Refresh Request RFSH o RFSH A1 GND U3 741508 { 52.8 us
Improvement by Pruzak. o WAIT = Memory or 1/0 Not Ready | | VAT 18] % ﬁig — 8 7415257 BK = Vertical Border 7 X U13D Total Scanline Duration (448 pix.):
> The speed at which the video display is drawn Ab Outputs are enabled when IORD is > 4 o ) BORDER » BORDER = Border Active U50A 741508 123.2 s
Recommended for correct ~ depends on the crystal frequency used. active (low). Keyboard Output 4 (Columns 5 & 6) [KL4 0a g Za S = Horizontal Border 741510 - i
operation of Uk. c13 GND GND ) X A15 _J . . . Joystick Fire  [Dv4o—3— 11a > o (these timings may be inaccurate, double check)
To account for varying crystal values, the ABCD input When IORD is active and AO is low, Hi = 1.75 MHz 1 TAS = DRAM Column Access Strobe
Without this capacitor, 220pF pins of U4 determine. the width of the horizontal RD = CPU Read DO 10 (keyboard, tape) inputs are passed 5 7 HO = 3.5 MHz 2
SCREEN switches to BORDER border. (e.g. the binary number that U4 starts WR = CPU Write ot to the data bus. HG 10b Zb - 13
before the rightmost 8 U4_LOAD counting from when the border is active) " . . o = I11b Data Bus
pixels can be drawn. GND MREQ = CPU Memory Request D2 Whe(n IORD )ls active and A0 is high, 4-7 Improvement by Pruzak
For example, in the 14.0MHz configuration, U4 will IORQ = CPU 1/0 Request D3 (1 (joystick) inputs are passed to the . m 9 .
JP1-3 Settings begin counting from 0011 when the border activates, D4 Data Bus data bus. Tape Input (from load circuit) [TAPE_IN) 0] :22 ze =—<D6 » Delays the BORDER signal, |— == ggopF U108 U34E
Pin 9 (D) is hardwired to 0. (according to sblive.narod.ru) 2 05 40 is high on every second address. (I'm not sure why) 741502 741504
X1 Frequency (sblive.narod.ru) | JP1|JP2]JP3 UsA The screen width is fixed: U4 will always start BUSRQ D6 (0001, 0003 etc.) sel4 1104 74 257>
30MAz [ 1 | 0| 1 _ T4LS74 counting from 0000 when the screen is active. 23] BUSACK 2 D7 FH o 07 €15
UG_CARRY Ei Data Bus & o 220pF
ﬁg ::; é 2 2 4B BS 2[5 w 5[5 BS = Horizontal Border When U4 rolls over from 1111 to 0000, the carry Pullup Resistors e~ o 15 GND H2 = 875 kHz
- u1 3 Q = output switches between border/screen mode. Y 7415257 Functionality IORD = 1/0 Read Request [IORD » 0E 4 U13A U348 l
1631818 MHz/145 MHz [ 0 [ 1 [ © 741532 b Address Bit 0 1ls 2 741508 74LS04
- - =16 Bs . . 2 vee 3 GND
Pin | Pin | Pin 4 vce e 9 The most ideal crystal frequency is 14.0MHz (same 2 pi T .0 Acti
10| 1 | 15 6 _ as original ZX Spectrum crystal). Deviations from 15KQ GND in 15 (Qutput Enable) qu.’ utputs Active o 5 .
(©) | (8) | (A) BS 5 - this speed will foausetthebsctreqn tothbe drawn s:lgftvtly " Pin 15 (Output Enable) High: Outputs Disabled 5
off center, but will otherwise work fine.
X1 Frequency (zxbyte.ru) [JP1|JP2|JP3 l Pin 1 (Select) Low: (O Inputs Active H1
135 MHz | 1 0 1 While this also affects the speed of tape 1/0, tapes Pin 1 (Select) High: (1 Inputs Active GND When WRBUF/WRBUF is active, data is loaded
14.0 MAz | L 0 0 U14B output goes low on every 2nd will reportedly load successfully at any speed WRBUF from RAM into the data bus output buffer.
1631818 MAz/145 MAz | 0 | L | L U4 carry. (when border begins) between 13.0 to 14.5MHz. U4OA Inputs HO
BORDER l—
Logic behaviar verified In Logisim
u7a . - HO U40A NAND Output “ “ “ “
- U13A | t U108 | t
; ; P 4520 RAM, I/0 Read-Write Logic .
erticat video 1iming , g TEISN o A N
vcce Q1 =X
BK 1 Loy Q2 U34B Input { wrRBUF | T T nen UB4E Input {UiOB NOR Output (SCR) ] M
7 5 .
Reset Q3 —xX N
(= s« 1| System RAM/ROM Read Logic — e U U (1 Us4E NoT output (%) 1]
This tructs the RAM output buff Low I RD and R(FSH) arg'%g*g "’igcifnvi ?ff%:v)
< o o o ulo is logic Instructs the output buffer are both inactive (high). Y . J
U408 oND S-Eg-Elg-glg-k and ROM to send data to the CPU. ‘ and MREQ s active (low).
74L510 U7A_CARRY S mMF ~Nlo oo o .
. . U10A
u78 Aty | | | . . . u9B
__ . . Active (high) if both Al4 741502
KS = Vertical Sync 4520 and( A%E)are low. 5 3/]\ 74LS74
vee vee Q1 11 A15 —,— (Lower 16K of 64K 1 12 D" q %(
9_bek Q2 250 Timing for BASIC address space) MREQ = CPU Memory Request [MREQ)—> e .
15 13 = Timing for _ RAS N A ==\ WE = :
T m Reset Q3 F5X flashing text command RAS = DRAM RAS Inactive [RAS o @ WE = DRAM Write Enable
Enable Q4 —X u10D ™
741502 U12A READ_RFSH o
v | 741500 AT = 1.75 MHz (Inverse)
BK + 32
u13c GND 3 LOWER_16K . b2
BK = Vertical Border 741508 Clock (pin 1) advances on BK rising edge. 5 RDROM » RDROM = CPU ROM Read 741500 U9B acts as a synchronized inverter
) 9 i i " N : - RD = CPU Read for the output of UL0A. It only
8 Switches between high/low every 32 frames. Active (low) if CPU is reading updates on the rising edge of RAS.
BK 10 Pixel data is inverted when FLASH and col memory from lower 16K of 64K 13
ixel data is inverted when and color : N . P MREAD = CPU Memory Read address space. Connected to ROM RFSH = CPU DRAM Refresh Request When H1 is low, WE will be forced
- i ; MREAD is active (high) if the CPU Y . en . vkl
S — Horizontal Border data bit 7 are both high. is reading from RAM or RQM (RD MREAD o8 chip enable and output enable. Inactive (g,gt,g :;efga;e;dsless of the
(Approx. 1.56Hz/every 0.64 seconds) and MREQ are both active) u10C 741500 :
When HI1 goes high, the output will
741502 remain high until the next update.
. RD = CPU Read [RD) CSRAM > CSRAM = CPU RAM Read
GND u12c¢ 741574 TRES T—
741500 ﬁ MREQ = CPU Memory Request | MREQ
N D K A 7d " Active (low) if RDROM is
US_CARRY GN - TTE T2 TOAD B 12 D' a BK = Vertical Border inactive hn‘gh)) and MREAD is
8 U5_U6_LOAD 11l ¢ active’ (high). ULHA
10 w @ 8 BK 741832
vce = In other words, active if CPU {ORG = CPU 1/0 R t m 1
Ml is reading memory in upper 48K = eques Active (low) if TORQ and RD
TE 6 THAR of 64K address space. 3 IORD = 1/0 Read Request ——— ctive {Low) 1T 1 2
U5_U6_LOAD WRBUF U9A ’D = CPU Read 2 {I0RD ) are both active (low).
vee of 7eLs7H [RDD
M = CPU Opcode Fetch 2 p ' q |S[WAT > WATT = Memory or 1/0 Not Ready 14D
id ¢ (sent to CPU) 741532
BK 5 |6
Improvement by Pruzak. e QX WR = CP : —
74LS04 WR = CPU Write TOWR = 1/0 write Request Active (low) if TORG and WR
If the video signal is unstable, c10 c2 vee ™ TORG = CPU 1/0 R ¢ - qu are both active (low).
o A ' | et ——— = eques
BK = Vertical Border this may fix the problem. - inF 33nF ULF CSRAM = CPU RAM Read 9
Value can be between 74LS04
330pF-1200pF (1.2nF)
INT = Interrupt Request
(1/0 to CPU)
| A4
Avd GND
GND GND
. . .
Power Supply, Regulation, Filtering
vce vcce vce vcce vcce vce vce vce vce vce vce vcce vce vcce From https: . .
ps://zxbyte.ru/leningrad_video_out.htm P. [/C l c b . t. & 0 t t
. ixel/Color Combination & Outpu
< o < < < < < < < <
h 3 - 3 3 - - - - - - - 3 - MpasunbHee GydeT, ecan 3TOT MyAbTUNAEKCOP ﬁyd(er He KM11,
3} 3} a KI116: y Hero no npuxody racsuero uMnyabca (korda Ha Used as
g § g § § § § § § § ] § § § BbIBod 15 nodaércs sor.1) Bbixodbl ycTaHaBAMBAKOTCS B ’IOH?i inverter.
. B Kni6 y K
u16 u2c u7c usc ugc U10E U11E U12E U13E U14E U346 u40D us4C U4SE A ToDa4E Nord e 18T Beiand BoX0s nepEX0dRT SYNC goes high during H/V sync pulses (opposite to SYNC).
741504 741574 4520 741574 741574 741502 741586 741500 741508 741532 741504 741510 741574 741508 P ocrome (monpocry oTcnioNsioTes). Mpu tom +epHoi user U110 Used to disable video output from U36 during sync pulses.
S % a % % 2 2 2 2 2 ) 2 % 2 He ¢opmupyercs. Ytobb ucnpasutp 317y HedopaboTky docTatoyHo 741586 U11B
& [c) ¢ [} [} o o o o o g o o o "“3azemantb” Bbixodbl KM11 yepes pesuctopsl R’ comporusnexuem {
0 0 KS = Vertical Sync 741586
N ] 3 ] ] N N N N N N N ~ N RAM nopsidka 1 KOm. y INE A
Translated: S + \ 6
R 1 ” ' o S = Horizontal Sync @
Capacity of individual ICs: 64Kbit x 1 Screen Data to PIXEI StrObe Generator It would be better if this multiplexer is 74LS157 instead of Improvement by Pruzak (U44, U45 and R4). vee %}5 / J/
GND GND GND GND GND GND GND GND GND GND GND GND GND GND Total capacity: 64Kbit x 8 (Only upper 48KB used) 74L5257; it has outputs set to logic 0, which corresponds to o
" ¢ the black color, upon arrival of the blanking pulse (when Pravides a black level reference on the beginning
+9V vee vee vee logic 1 is applied to pin 15). In contrast, when a logic 1 is of each scanline, stabilizing TV color rendering. If Uk is not installed, JP6 can be used to
vee applied to pin 15 of 7415257, the outputs go to the Z-state . ) . i " connect pin 15 of U36 to the output of U11D
T u21 u2s . (disabled). In this case, the black calor is not formed. Without this, Slome ‘:; wtl;l 'f"(“iflmit the border (original configuration with no black level pulse).
9v_UNSWITCHED . . o 4164 o 4164 Parallel-to-Serial ) o . color s the black fevel. S ) ; o )
- 1 Shift Register butpute of 8 705357 through resistors with & reeistance of (re D o onomte tagata
= vVCcC o 14 o 14 . . iai s0 will connect two outputs together, potentia
of | €30 cst €32 2L enp| 2t . oosoou e % about 1KQ. when SYNfﬁ(gc;'rveefi)orvc%da%wgrfg[ailkl) outputs of VR Dt Gamaging UL1 and Uda! Y
0.4uF 0.4uF 0.1pF 3 rototyping_Grid vee vee :
= N.C. 2 2 T4LST4 i it i
;i tinaHole_Pad g DN DN This state remains until the sync(pulse has ended GND i U45 must be mstFaLIAeSdH iisrcnﬁiéfyalso used for the
v i‘ i‘ 4 4 ountingriole_ra u33 u3s and H3 and H4 are both high (24 pixels after als ;
Swit PWRFLAG  U43 <L GND vee 2 b o 745165 3| 7uis205 sync pulse). .
Power o MountingHole_Pad A5 A 36 ( ion until ate
A TSR_1-2450 GND H3 A6 5 9 U33_PIXDATA 4 5 13 fterwards, U36 resumes normal operation unti a Fex
T T i bs g Q7 Ds o Q0 =X Unused Logic the next sync pulse.
v VoutP—s . . . . . . . . . . . . MountingHole_Pad A7 DO WLX > o 112 U45A =
” b R - e RAS = DRAM Row A Strobe [RAS >—4—{RAS RAS = DRAM Row A Strob RAS px % P Q2 %x U458 741508
! i = ow Access Strobe [RAG = ow Access Strobe .
Power 1N4007 c16 + 2 +] |, c7 c18 c19 €20 21 22 23 24 25 26 27 c28 29 MountingHole_Pad TAS - 72515 | eae TAS - mn A " he p2 O s @ Pixel Dats 741508
1 QV_JACK ~ 10uF 16V ~ 10uF 16V H5 CAS = DRAM Column Access Strobe CAS CAS = DRAM Colu ccess Strobe CAS Data Output 03 4 P2 1KQ R10. R11 and R1Z
3 1 " ¥ 0.4pF 0.4pF 0.4pF 0.4pF 0.4pF 0.4pF 0.4pF 0.4pF 0.4pF 0.4pF 0.4pF 0.4pF MountingHole_Pad WE = DRAM Write Enable 3IWE @ WE = DRAM Write Enable WVE & from DRAM 9 x5 os 4 Uiss AT au e beam ehoned
5 H6 - T (4000-57FF) D5 £ *o’ TLLST4 (0 inputs are .passed through Y€ R PN ?;L«UB o el ™
o o o o o o * * * * * * * * . ol | inpu 1 e voltage level
7805 compatible MountingHole_Pad i < D6 6 {pe 5 = when border is being drawn. Pruzak recommends using a 74LS157 for U36. The ‘157 is a 1KQ compatability.
P R37 125 4] 9 Y
<> K j 4 < D7 vcce U45C —-4 D (A = d . drop—in equivalent to the 257, the only difference between
' GND  GND 1500 g - 7M'jfz 9 pep p—11c (1 inputs are passed through the two being that the ‘157 transmits 0 on all outputs during Originally, these
PWR_FLAG L N GND GND 11 _ SCR_DELAY 1 {5 ixel Shift 741508 a 18« when screen is being drawn. sync pulses (as opposed to disabling outputs altogether). vee resistors would be
DRAM Voltage Filtering Capacitors vee vee — 8 | o =) g I This is required for the black level pulse to work. R15 27Q.
Tl = 7MHz o ™|
. . e e , . . " A 2 8 | 1KQ "
The PWR_FLAG labels have no effect on the circuit; they are only present | recommend using a switching 7805 replacement for U43“ Swntcr}mg regulator‘s s.uch. as .the TSR 1—2459 don’t require a heatsink and ‘ Pixel Shift @— C_P (0 (PAPER) inputs are passed R18 R17 R16
to signal to the KiCad error checker where the power lines are. 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. o 2;’24 o 2f664 Improvement by Pruzak. c“-(mverse) 15 CE % ~| 10 vee through whenfspi‘gwi (pixel data) 5’1‘390‘. 2kQ 1KQ 4700 ;ég
_ — < <~ N i =
3} ] 14 Delays SCR pulses. 360pF | Attribute Memary . D__-
So_outfs go_out This helps fix a graphical GND GND (5800-B5AFF) o U0 L (INK) inputs are passed vee VIDEO
5 5 glitch when drawing lines. <~ Byte Contents A 74Ls298 rough when pin 1 is high. GND
D_IN D1 D_IN D5
- - It also fixes the copyright GND GND GND GND GND Passed through when drawing BORDER. Barder Calor 0 10a & Qa 15 INK/BORDER Blue { 6;(;9 "
w.‘hSY;“f:.‘ ‘etff C'Iagf“‘f@ Passed through when drawing SCREEN. INK Blue Bit | Data Bit 0 Output fram DRAM 1a > INK/BORDER Red vee Q@ 210
Ipif:ls o;Sihe esy'rlngbotmgfe Passed through when drawing BORDER. Barder Calor 1 10b Qb 14 N304 5100
not drawn properly. Passed through when drawing SCREEN. INK Red Bit | Data Bit 1 Output from DRAM 11b INK/BORDER Green u3e =
System RAM Address Select Screen RAM Address Select Tsed 55 2 deiey. The pivel data thaf enters on pin L ShIR Passed thraugh when drawing BORDER. Border Color 2 loe e g 7usts? BLUE
sed as a delay. The pixel data that enters on pin 1 shifts 5
_ __ _ _ through Q0—-Q2 for 3 clock pulses (falling edge of Ti) before Passed through when drawing SCREEN. INK Green Bit | Data Bit 2 Output from DRAM l1c 12 PAPER/BORDER Blue 5 5 4 Blue Video Data vee
RAS = DRAM Row Access Strobe [RAS 4 RAS RAS = DRAM Row Access Strobe being output on @3 (pin 10) on the &th clock pulse. Passed through when drawing BORDER. Barder Calor 0 10d Qd 3 10a o Za RB
vee vee vee CAS = DRAM Column Access Strobe -T 135 CAS CAS = DRAM Column Access Strobe Passed through when drawing SCREEN. PAPER Blue Bit | Data Bit 3 Output from DRAM 11d 11a = 6800 "
WE = DRAM Write Enable WE A WE = DRAM Write Enable A
UL - Basic frequency generator g g SORDER = Border Active (when low) s . PAPER/BORDER Red 2 10 7 |2 Red Video Data — 5’3‘390‘. SRiioiQ
u19 u1is = i =
U3 - Frequency generators for VIDEO CONTROLLER (address selecting & screen generating) and other internal devices (1) o 3255257 o 7uls257 o 7415257 S 2 H2 = 875 kHz (8x slower than pixel clock) PCp & 11b = RED
b PAPER/BORDER Green 11 9 Green Video Data
U4 — Frequency generators for VIDEO CONTROLLER (address selecting & screen generating) and other internal devices (2) A4 v ©| 10c Zc
. . . . 21 10a g e 21 10a o 1a 4—] § 0a g Za GND GND 101 11c vee
U5 — Frequency generators for VIDEO CONTROLLER (address selecting & screen generating) and other internal devices (3) 3 lia = 3 lia = la vee vee BORDER Is active (low) when Briaht Dat RO
I c € rightness Data
_ : : ; ; either the horizontal or vertical GND Brightness Data (to U36) 1—14 10d 74 |12 680Q )
U6 — Frequency generators for VIDEO CONTROLLER (address selecting & screen generating) and other internal devices (4) 5 10b 7 7 - 2 106 7 7 2 106 b U2 . borders are active (low). 13 o Qs R12
U7 — FLASH generator 10 AQA 5 {i1p 11b 11b o 4164 o 4164 . 2N3904 510Q
_ inatt ; ; izath 11: AB-A11 mrn® LN B 1 {creen>
U11D — Combination of vertical and horizontal synchronization pulses 13 10c Zc ' 13 10¢ 7¢ |2 13 10¢ 7 8D_0UT 14 8D_0UT 14 vee 1] 2 07 R33 GREEN
U138 - (BORDER) BORDER/SCREEN drawing A10 e Hardwired to 0 (6ND) s Itc Ite = 5 i , Mzﬁbute Memgw ust INGL4E 3KQ R19 R20 R21 R22
o D_IN-2<6 ] 5800 5AFF © |
UL3C - Vertical synchronization pulses (1) 1‘3’ 10d zd (i 1‘3’ 10d zd 12 1‘3’ 10d zd R - <06 ] Byte Contents 9 7415298 <} 2000 | | 2000 | | 2000 | | 2000
Hardwired to 1 (VCC,
U15 - CPU address multiplexers (1) aid ardwired to 1 (VCC) 1 d Passed through when drawing BORDER. Barder Calor 1 10a & Qa 15 GND 08 R34
_ =
U6 — CPU address multiplexers (2) HL = 1.75 MHz 5d ot 4 Outputs always active. —»——c115 0F 4 AT = 1.75 MHz (Inverse) 115 0E 4 Easseg ttli:rtmsrr': w:r-'n grawr'ng ggRRggg- PAPER Red Bt | Data Bit 4 Outgutdfrﬂmc ?RA'; I1a " INGLAE  3KO oo oo oo oo
RAS = DRAM Row Access (Active High) s Z H2 = 875 KkHz s Z RAS = DRAM Row Access [RAS s Z assed through when drawing : order Color ot b Pixel Data (ta U36)
U17 - VIDEO CONTROLLER address multiplexers (1) (Active High) Passed through when drawing SCREEN. PAPER Green Bit | Data Bit 5 Output from DRAM 11b 13 U450 .—%—&
_ _ Passed through when drawing BORDER. Hardwired to 0 (GND) 10¢c Qc Each 8x8 color grid RGB (SCART) Composite
il Lo 00 — —
U18 — VIDEO CONTROLLER address multiplexers (2) ©f m&? SD;A%RiMlRow :ccess gtroZe RAS 1"5 RAS m&? SD;A%RiMlRow :ccess gtrot;e Passed through when drawing SCREEN. BRIGHT Bit | Data Bit 6 Output from DRAM e - FLASH On/OH 15 741508 7%&;@6 b - ?Sevc/lgfcrhgjsbit;ggrsby N o ] =
= s Strobe = olumn Access Strobe = £ = £
U19 — VIDEQ CONTROLLER address multiplexers (3) U15, U16 <~ <~ < e ?UDWF'?XM che? Enabl 3 CAS " VT - DRAM Wiite Enanle " Passed through when drawing BORDER. Hardwired to 0 (GND) 10d Qd N\ " FLASH Pixel Data Invert . NG4S %o U114). 5| e = | =
e 6ND oD 6ND 6ND = rite Enable [WE ) WE & = g System RAM to Data Bus Output Buffer Passed through when drawing SCREEN. FLASH Bit | Data Bit 7 Output from DRAM 11d FLASH Timin HE N B FEREEREEE
U30 — Switcher of BORDER/SCREEN for painting (1) RAS/RAS Inactive: Lower Half of Address Bus vee Utac vee FLASH 9 13 / ’ - Both of these colors cls|ela|&S] [E[s|¢]s| &S
. 2 RAS/RAS Active: Upper Half of Address Bus 741532 E b BORDER = Border Active (when low) | [BORDER 22 s INFV :(z‘:;;l B?é% 2 can ::eﬁselefcéed f‘rom oTofolo olofolo
U31 - Switcher of BORDER/SCREEN for paintin Inputs sent to DRAM when H1 is low. N E: a palette of 8 colors
9 P U16 u17 < < vee H2 = 875 kHz (8 slower than pixel clock) Udbep Z (shades of gray if o[o[o o[ofo
U32 - Output buffer of RAM 9 7418257 8 74Ls257 GND GND using composite video). g g 0 g g 0
Lo
U33 - Strobe of pixels H2 = 875 kHz vee vee u32 High brightness and pixel flash are An additional brightness
' p o § 108 § Za § 10a § Za |4 (AL o 745373 disabled when border is being drawn. bit sets the brightness g g 0 g g 0
U34C - Horizontal synchronization pulses (1) 11a 11a u24 u28 GND GND If brightness is set to 0, the RGB signal voltage f(rlr E{’ch fsectort, ol of d d d 0
U35 — Strobe of pixel 5 7 o 4164 o 4164 S levels will be reduced, darkening the colors. ?5O:Iolrc;grso(;3hoouaho 0 0
ove of pixets 2 10b Zb 5 10b Zb = If bright N t to 1. the intensit tout will twoofthemaret%e ololo ololo
i I? Hardwired to 0 (GND, 3} ] rightness is set to 1, the intensity output wi
U36 ~ Generated video picture from INK, PAPER, BRIGHTNESS, FLASH 10: A4—AT . o ardwire (6ND) e o So_ourjL4 So_ourjL4 . 7415298 Functionality 7415457 Functionatity In the original schematic, D2, D3 and Rb have no influence on the RGB signal levels. same shade of black). 0o oo
_ . 11: A12-A15 56 9 T35 D 11 9 a5 Data Output function as a diode AND gate. I've replaced 1 ol |o ol |o
ey e e e o 19 e “ 5, UL6 U17, U18, U19 Hardwired to 1 (VCC) | Lo 10 e “ DIN[=2 DN from DRAM Pin 10 (Select) Low: 10 Inputs Active Pin 15 (Oufpuf Enable) Low: Outputs Acti them Wt o 741503 to reduce Component count. RESL RS et 50 restators vesult n cotors more colors cannot be 0 0
i c U15, , , c . ol ; in Output Enable) Low: Outputs Active Th is high if i FLASH - . bu i ult i " A
U368 — Input of keyboard (#FE) and Kempston Joystick (#1F) ports (2) (System RAM) (Screen RAM) Pin 10 (Select) High: 11 Inputs Active Pin 15 (Output Enable) High: Outputs Forced To 0 € output is égre ;:otthﬁfg;C 12 and FLAS accurate to the original Spectrum. 2223'%% v;g:tng'the 0|0 0|0
B . 14 12 14 12 Outputs are synchronized with pin 11 ' 0 0
U39 - output port (#FE) keyboard,/tape/audio/barder 3 10d zd Hi Low Hi High Hardwired to 0 (GND 10d Zd (connected to H2). They will only update Pin 1 (Select) Low: (0 Inputs Active FLASH timing signal switches every 32 frames. - - Border brightness is 0 0
) o 11d RAS/RAS| | RAS/RAS| |RAS/RAS RAS/RAS Active ardwired to 0 (GND) 11d on the falling edge of H2 Pin 1 (Select) High: 11 Inputs Active (Approx. 1.56Hz/every 0.64 seconds) Inverts INFV if U31 pin 12 and FLASH are both high. o 5
U408 — Vertical synchronization pulses (2) Inactive Active Inactive H2 Low H2 High _ 15 WRBUF = Load data from RAM 9 €49 ’ : pprox. L. v Otherwise, passes INFV signal through unchanged. hardwired to 0.
U40C - Horizontal synchronization pulses (2) HL = 1.75 MHz 154 o€ a In_| Out In_| Out In_| Out In_| Out In_| Out HL = 1.75 MHz ’(mve‘rse) Hi 1 0E o TSRAM = CPU RAM Read (when low) [CSRAM —LtdoE 2
RAS = DRAM Row Access (Active High) 1ls 3 A0 [ MAO A8 [ MAO H3 | MAO VO | MAO V6 | MAO RAS = DRAM Row Access (Active High) RAS S = RAS = DRAM Row Access Strobe [RAT 4 |rag RAS — DRAM Row Access Strobe o
U41 - Processing of data signal from tape recorder (1) 2; m; AAI% mé :g m; g m; Vo7 m; CAS = DRAM Column Access Strobe 135 ths CTAS = DRAM Column Access Strobe 415373 Fanctionallt =
b : © g ) =D g o N «n unctlonality
U42 - Processing of data signal from tape recorder (2) © E = DRAM Write Enable WE o E = DRAM Write Enable a - - -
¢ ! { A3 [MAS| |AL1|MAS| | H6 | MAS Vg MAS i MAS < = = vee vee vee vee DD29/DD41 in the original schematic (2764) are substituted with a 27128 (U29)
U43 - Supply voltage regulation A4 [ MA4] [A12]| MA4 H7 | MA4 V7 | MA4 MA4 | | Pin 11 (Latch Enable) Low: Output Data Latched GND igi ircui — Thi h i from
7415257 Functionallty GND A5 [MA5| [AL3|MAS| [ V3 |[MA5| [0 |MA5| [ 0 [MA5 GND GND - - Pin 11 (Latch Enable) High: Outputs Follow Inputs 4 X 4 X Original circuit by Sergey Zonov (ZS Research, 1988) — This schematic adapted fro
Original 48K ZX Spectrum clock frequency = 3.50000 MHz 26 [1A6| [Atalmag Vi TMAG 1 MAg 1 MAg Z.AN. schematic (sblive.narod.ru) — Circuit improvements by Sergey Bagan (a.k.a. Pruzak)
(source: neuro.me.uk/projects/wos/sinclairfag.dev/ng/cssfaq/reference/128kreference.htm) Pin 15 (Oulpuf Enable) Low: Outputs Active 27 Tha7| [Ai5Ha7 Vs THa7 0 Tra 0 Tra oD oND gm i gguigui Enag:eg bqw; Oout?ut? Alg’ﬁvebl y $ (zxbyte.ru) — SCART connection by Alexey (dzen.ru/a/YM4qYfqO_LbXX57N)
Pixel resolution (HxV): 256x192 Pin 15 (Output Enable) High: Outputs Disabled 0 1 /10 0/ /0 in utput tnable) High: Outputs Disablel glex t|_°;‘,ry
. . Pi : 10 Inputs Acti U15/U16 inputs sent f Disabling the outputs does not affect operation of heet:
Color grid resolution:  32x24 Pin 1 §§5f§€3 b?;h: 1 nputs Active to DRAM when H1 is UL7/U18 inputs sent to DRAM When WE is active (low), the computer can write to the RAM. the internal latches. File: Leningrad—1.kicad_sch
Each color grid sector contains 8x8 pixels. Aside from the two colors (out of 8 total) assigned to each sector, sectors low. o When WE Is inactive (high), the computer can read from the RAM. Title: Leningrad—1 (48K ZX Spectrum ClOﬂE)
can also be set to high or low brightness (also referred to as intensity). 4_ 4— X X . g P
A ¢ ists of 16 col hnically 15: two of th th hade of black Size: AO [ Date: 2024-12-27 Rev: 0
s a result, the full color palette consists o colors (technically 15; two o em are the same shade o ack). KiCad E.D.A. 8.0.7 Id: 1/1
1 I 2 I 3 I 4 [ 5 I 6 I 7 [ 8 I 9 I 10 [ 11 [ 12 [ 13 [ 14 [ 15 [ 16 [ 17 [ 18 [ 19 [ 20 [ 21 [ 22 [ 23 [
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