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ML Connectors £ Audi Timing cOmparison I/0 (Keyboard & TaPE) Read
Acceptable frequency range:
13p‘5 MHz —quilo.5yMHzg CIOCk Generator vee RAS |_|_|_|_|_|_|_|_|_|_|_|_|_ Based on tape loading circuit from Leningrad-2. Cassette Inter ace’ Ud,o OUt . . . 1 vee
Ideal frequency: 14.0 MHz "o Monochrome Video Out Audio/Video Out Load (Cassette Ear) IN414E Converts tape audio signal to TTL—compatible levels. R20 0 U32
‘ Improvement by Pruzak. . I 12 o _ e 100KQ U358 Ho Ll-u-u-l_m-u-u-lm-u-u-lm-u-l 1 o 7uLs373
P [ . . . : - N LO4 [}
Increases signal level of RAS to 5V 6800 %’eﬁfz tr)esnrrv% g;»%gefﬁﬂnzyegg;n;\:f%;sf Video_Out For wiring to custom audio/video ; 049 1 = 5
X1 ired by Zilog—made Z80s). . the risi dapters, d te. I | I I | I I | I i I I DO 00
14.00000MHz (required by Zilog-made Z60s) and RAS are offset from those of HO. adepters. encoders etc LOAD ST | s 5 Keyboard Connector ING148 u3sDd ot U3sE u3sF U35A 5 0 ot dor > o1
A female DE-9 connector is used T Tapeln_RD ] KAQ 4049 100KQ 4049 4049 4049 ‘_l_“_l_| 1 = 7 02
=ﬂ= - Soufhattedlo/);vsgccgdg?aflbe LOAD ﬂ?’ D10 From cassette 9 0 11 2 14 5 3 2 Tape Data Input 0 8 03
U1A U u1B u1e T = Tz U2A Tl = 7MHz Pixel Shift uzs Doubles as CPU clock signal plueg 4 ™ 7 IN4148 LEART Sassette . [TAPEIN > (0 omputer) ' — t o
Pixel Shift = 2 Keyboard_Conn
741504 741504 741504 (Inversey __<f /474 of 7uLs7A o { GND Stereo_Mode oD y < 1 05
[ " qf> ¢ HO = 35 MHz N K RAS/RAS = 3.5MHZ e RAS = DRAM Row Access Strobe 4 D11 7 0 vee 83
= - =z .
L 2 3 4 6 L4MHZ 3he Lihe u11c Audio Out ] Far(_3 Save (Cassette Mic) IN4L48 1 T
vee | @ G T = 7z Pieel o 1% e 741586 1 % Mie ( -f— . < cin ; R
hift (I P —
R1 R29 i shift (Inverse) ] 9 Audio_Out R vce 1NDL¢11248 In my first build of this computer, the audio output level was too high. 0 OE &
4700 4700 B Rag) RAS = DRAM Row Access 5 SAVE_ST ¢ ®N 16 This voltage divider (R30, R31) lowers the audio voltage. 1 2
10 (Active High) AUDI0 T TapeOut WR T = Here, the output from C6 should be about 0.92V peak—to—peak (0.33V RMS). 0 GND =
o= - EID £
. . 1 VE ¢ ™ D13 1 —
‘ Pixel Shift Generator DRAM Row Access Generator A 518 J) p J) 518 IN4148 vee 0 Ou‘tputs(‘are) enabled when TORD s
Il i active (low). GND
o I ) ) <] u33 c6 1
Improvement by Konstantin Aigi. (cxemateka.ru) oND Audio. Out 4 GND GND D14 o 745174 ;ég 0.14F o 0
The addition of R31 makes the waveform of the clock output signal much cleaner. 5 ING4148 BK Vi Vv2 vi
g AUDIO GND 8 _ Y Qo |2 AUDIOTTL AUDIO_DIV AUDIO > Audio Out (Line level, to TV) —
(Originally only R1 would be installed here, with a value of 360 ohms.) : AV_Conn <l . Data Bus > 3 SAVE_TTL = How to set stereo Jjumpers
1N4148 0-4 Q2 20| BRD2 » Border Green R
Q3 " BRD1 Border Red 2 -
: " PR o = Q4 —g BRDO » Border Blue cs Keyboard Input = p— e 1
Horizontal Video Timing as (8 o-uF Pullup Resistors Anate : (I
vee vee Dual a‘t‘:";":r"e’;’"é;flt‘;’esma/"i;z“%‘:g”ec‘f°" Tﬂ!g:g gr":r‘r’)ezh‘(’)’fi"iﬂij;’ﬁngdﬁgs TOWR = 1/0 Write Request SAVE > To cassette "MIC" connector RNz VCC 5 Signal
multiple keys are pressed at once. 2 5 15k0 - Screen Screen % G—(_’—/\'
o L Attribute WXL 3 |
6.8nF s Secto_r Secto_r s Jumper disconnected GND
15 = 35 MHz (T + 2) The speed at which the video display is drawn | Keyboard 4 (8X8 pix.) [CECININS] ;-; (mono plug)
1 = 1‘75 Mz H; 2y depends on the crystal frequency used. Inputs 5 —+ S z £
10 i 8}5 kHzZUSi :2)) To account for varying crystal values, the ABCD input - & At:'";gf'ze Atfr:;:ge z :]
9 = 437.5 kHz (H2 + 2) pins of ua(aeterm.'ne the width of the horizontal Data Bus CPU 3 5MH 280A Reset circuit by Pruzak. 1 6KB 1 6Kbit X 8 ROM GND GND (a?(%dqr ) (&%:to_r ) ‘
border. (e.g. the binary number that U4 starts ji ( ) — ( ) pix., pix., . :
counting from when the border is active) Pullup Resistors ° z D3 prevents RESET voltage Signal
1 CC from exceeding 5V. G—= ~
T = 7MHz Pixel Shift 5 13 For example, in the 14.0MHz configuration, U4 will RN1 v In the original reset circuit ‘ - - -
= z Fixe ! D BO X begin counting from 0011 when the border activates. KQ : - ® 4 ® H
(Inverse) e zng * (according to sblive.narod.ru) © 1 (without B3). R4 s 10K@ Dlsplay/RAM T’mlng Log’c Jumper connected GND
a vcce vcce — -
L4 ler 2 The screen width is fixed; U4 will always start 0101010101 Lower Border  Lawer+Right (stereo plug)
counting from 0000 when the screen is active. m (48 pix. dawn) Borders Active
@ When U4 rolls over from 1111 to 0000, the carry R4 D3 Sw2 l_l l_l l_l l_l l_l l_l
output switches between border/screen mode. 1KQ IN4148  Reset U34A Inputs Ho LMUNNMNANNNNnn
GND GND The most ideal crystal frequency 5’9 14,0MHz (sfame RESET o# t/i)cti;e (lowg rlhen ezherl o Improvement by Konstantin Aigi. (cxemateka.ru) .
as original ZX Spectrum crystal). Deviations from ’ e horizontal or vertica . —
this speed will cause the screen to be drawn slightly . U138 borders are active (low). Along with R28 and C8, delays SCR pulses to Screen RAM Data to Plxel StrObe Generator
e off center, but will otherwise work fine. (1:(1) f 16y 741508 I U34A NAND Output —LI—LI—LI—LI_ fix line drawing.
= K N e . — - - - - - . .
While this also affects the speed of tape I/0, tapes vee GND BK = Vertical Border - U130 Konstantin recommends 1nF, but | found ;t
JP3 will reportedly load successfully at any speed BORDER » BORDER = Border Active U34A 741508 works best with around 220-330pF. Parallel-to-Serial
Utp15_ClkDvd_Set between 13.0 to 14.5MHz. vee U20 BS = Horizontal Border Jiero arallel-to-Seria
GND Shift Register
— ZB0A J—
15 8 oo ha Hi = 1.75 MHz 1 CAS = DRAM Column Access Strobe
o 26— Y HO = 3.5 MHz 2 vee vee
U4P15 D RS RESET S A0 N 13
10KQ 64 u28 u30
o vcce BAC — 2 9 7415165 O 7415194
U4p1_ClkDvd_Set RAS = DRAM Row Access Strobe (3.5MHz) | [RAS 5 7T A3 U108 U29E 1o
Lo~ 3 m Al 741502 74LS04 220pF DS § Q7 9 U28_PIXDATA % PO 8 Q0 1_2)<
F—©° 7o ° © 7415193 17| 2: o " . DO a7 Lx X P1 > %x
N J— — iy RDROM = CPU ROM Read |RDROM =5 O SCR D1 *X—= P2 Q2 ==X
u4pP1 - 16 22 N
UA o = 218.75 kHz (H3 + 2) INT = Interrupt Request (1/0 to CPU) | [INT 12 o > Address Bus £z H2 = 875 kHz | GND bots Output D2 R a3 (12 Pixel Data
Pl L lg = 109.375 khz (H4 + 2) % 3] U13A U298 When WRBUF/WRBUF is active, data is loaded from DRAM D3 5
U4p10_ClkDvd_Set 10 | = 54.6875 kHz (H5 + 2) WT = CPU Opcode Fetch 8 741508 741504 from RAM into the data bus output buffer. l—u—l_l—l_l—u—l_l—u (4000-57FF) D4 vee 7 gsr
9 - . = D5 »—— Dsl
1~ 3 D = 27.34375 kHz (H6 + 2) RFSH = CPU DRAM Refresh Request A1 GND HO = 3.5 MHz 6
—o° 90 11 |—— WATT = Memory or 1/0 Not Ready AL2 - U34A Inputs HO R28 07 9 |
™ uspto LOAD U3he M3 HI = 1.75 MHz (Inverse) 2 150Q 10 | o4
U3_CARRY 5 Lyp 8013 % 74510 ﬁig WRBUF BORDER | I p SCRDELAY 15T vee "
4 ><1"—4>£>OWN - BS 9 - | ussa NAND outeut VUL U ;“,;175”';{‘*{% 2 |ep /E [D—="pce
CLR 3 SS = Horizontal Sync RD = CPU Read Do U10B Inputs Inverse D 5l 2 td o
RD HO CE ——9 &
GND WR = CPU Write D1 U13A Inputs H2 | | | | | | Improvement by Pruzak. 8 o
o __
- = MREQ = CPU Memory Request D2 5 . . . Delays SCR pulses. | 360pF o o
1-2 Connected - vCC (1) Improvement by Albert TORQ = CPU 1/0 Request 03 U29E Input < ULOB NOR Output (SCR) ] n This helo2ys SCR pulces. P
2-3 Connected = GND (0) \v4 p y Data Bus P grap
u38c u29¢C Nikolashin. (aka—richi.narod.ru) D4 U34B Innut WRBUF o glitch when drawing lines. <~
GND GND 741532 741504 . 05 P U29E NOT Output (SCR) 7] 1] D
By default, the Leningrad—1's CPU_HIGH 25 % 06 - - - It also fixes the copyright GND GND GND GND
Improvement by Pruzak. U4 _LOAD horizontal sync pulse is 3 >3 BUSRQ WRBUF | “ “ “ “ “ “ symbol text character.
= times longer than the PAL *&= BUSACK 2 D7 . . . . . . Without this, the rightmost ‘
Recommended for correct standard. Some displays won't « pixels of the symbol are T n r’
1 i Used as a delay. The pixel data that enters on pin_2 shifts
operation of Uf. - c9 JL ;/&;lf(t::less the sync pulse is i not drawn properly. through Q0—Q2 for 3 clock pulses (rising edge of TI) before
Without this capacitor, 220pF o being output on Q3 (pin 12) on the 4th clock pulse.
SCREEN switches to BORDER The fddn’giorz of f:h5 to the NfND — Syste RAM ROM Read Logic RAM
before the rightmost 8 USA inputs shortens the sync pulse. GND m /
pixels can be drawn. 16K 16K 16K 16K
0 vacamry S s o ule oo oo This logic instructs the RAM output buffer Capacity of individual ICs: 64Kbit x 4
BS = Hori w w W w ity: 64Kbi 48K
JP1-3 Settings (source: zxbyte.ru) U38A BS 21p » g 5 Ez(dfe(Homzontal S -8 - E S - a{t} S - and ROM to send data to the CPU. Total capacity: 64Kbit x & (Only upper 48KB used) System RAM System RAM
Pin 9 (D) is hardwired to 0. 741532 3he e . S mls @ SR vee vee
Pin | Pin | Pin 1 vee| o afeBs RAM, 1/0 Read-Write LOglC Ay . Input Buffer Output Buffer
10| 1 | 15 3 ol Active (high) if both A14 u22 vee vee
)| )| ® BS 2 ’i - ) ) and A15 are low. o 41464
X1 Frequency | JP1|JP2[JP3 l A15 B (Lower 16K of 64K %) 2 u23 u27
I3EMHz [ T [0 | T address space) g DO MD5 » =] o 7418373
g 3 Q 7415373 Q 7uL
140MHz [ L | 0 | O U14B output goes low on every 2nd ‘ bt 15 GMD6 Y
1431818 MHz/145 MHz | 0 | L | L U4 carry. (when border begins) Low if RD and RFSH High if RD and RFSH U100 g§ I%; CMD7 p § 00 § 00
are both inactive (high). are both inactive (high), 741502 U124 MDS 01 01
and MREQ is active (low). " 751500 02 02
vee 3 LOWER_16K 03 Data Output 03
H H H H U7A U10A 04 from DRAM 04
Vertlcal Vldeo Tlm’ng 4520 741502 O/]\ 33:_357“ { , , }3— RDROM > RDROM = CPU ROM Read e e
2 P N : . . 06 06
3« Active (low) if CPU is reading
vee BK 1 L.y g; 4 VREQ = CPU M 3 1 ﬁ D g9 memary from lower 16K of 64K RAS — Row Access Strobe 07 07
—X = emory ===~ P N ¥ P MREAD = CPU Memory Read address space. Connected to ROM — _
7 5 R MREQ _ pC _ MREAD is active (high) if the CPU y : AS = Column A Strob
T s B equest RAS = DRAM RAS Inactive [RAS T |B[WED WE = RAM write Enable I ading fvom RAH oW (R0 ———— " MReap U128 chip enable and output enable. U = Vite Ennble — . - . WRBUF = Load dta from RAM -
nable [ h Wk = = i ble [WE -
RD_RFSH and MREQ are both active) Utoc 741500 OF = Output Enable g E Write Enable 0E = ea z
vee ~ 7%530 HI = 1.75 MHz (Inverse) - 741502 o) o) 9 3
s GND U7A_CARRY _ ‘ RD = CPU Read [RD) CSRAM ) CSRAM = CPU RAM Read - - 74LS373 Functlonality
RD = CPU Read ————r
| .. . = —_—
Q7415193 U34e “U57280 V9B acts as a synchronized inverter MREQ = CPU Memory Request [ MREQ Active (low) if RDROM is inactive (high) GND GND Pin 11 (Latch Enable) Low: Output Data Latched GND GND
15[, g 741510 RFSH = CPU DRAM Refresh Request 13 updates on the ,{;ng edge of RAS. and MREAD is active (high). Pin 11 (Latch Enable) High: Outputs Follow Inputs
hen WE i i [§ h i he RAM. N
1 g i . vce Q1 L FL_CLK When FT is low, WE will be forced In other words, active if CPU is reading Whl;/nev%wé ﬁaacc‘gvee((h%m)),. tthi' i‘f,mﬁﬁ: ccz;r; V,ler:s :Smtn eme RAM. Pin 1 (Output Enable) Low: Qutputs Active
10 ¢ KS = Vertical Sync 195 bk Q2 %X FLLCLK = Timing for BASIC inactive (Mgh)' regardless of the memory in upper 48K of 64K address space. Pin 1 (Output Enable) High: Outputs Disabled
BK = Vertical Border 21p T Reset Q3 flashing text command In the original circuit, Yamaha AY music state of RAS. OE generation circuit for 4—bit DRAM based on u29D . .
" 10 Enable Q4 L)( ing tex commands conflict with the /0 circuitry. When T goes high, the output will design by Rio444 (zx—pk.ru). 74LS04 7%?253 ?f;:a?rvlt/grgn;maig;’;‘;fs does not affect operation of
[0AD ~ l This is fixed by the addition of U14B and U37C. remain high until the next update. In Rio4#44’s circuit. MREAD and H1 are connected 9 8 MREAD
BS i Fr ) g 13 BK + 32 to a NOR gate that outputs the OE signal.
S = Horizontal Border BS m tUP BO|—=X U13cC GND - U14D The circuit " functi th OE = DRAM Output Enable
X———DOWN . P e circuit seen here functions the same way,
1 lep 2 741508 Clock (pin 1) advances on BK rising edge. e e 741832 but uses two existing gates that are otherwise [HL) . . . .
s . us3 10AY nused to reduce component count. From https://zxbyte.ru/leningrad_video_out.htm
i [ 9 . Switches between high/low every 32 frames. 741508 U148 12 " S 0% = 1/0 Resd sctive (low) 1 TORD and R unu u p u ps://zxbyte.ru/lening Plxel/color Comblnat’on & v,deo Output
GND @ BK 10 Pixel data is inverted when FL_CLK and color 741532 RD = CPU Read [RD>-13 Request are both active (low). WRBUE U9A Original:
data bit 7 are both high. 74LS74 MpasunbHee Gydert, ecan 3tor MyabTunnekcop byder He KM11, a KM16: y wero no npuxody
GND (Approx. 1.56Hz/every 0.64 seconds) ) UL4A racawero umnyasca (korda Ha Bbiod 15 nodaérca aor.1) Bbixodoi ymauasnusa»grcq I;BIIOICO,
c : 741832 T = 2 I 5 ==\ = 4TO cooTBeTCTBYeT yepHomy useTy. B otamyme ot KMN16 y K11 npu nodave sor.l Ha 15—/
US_CARRY _ X M1 = CPU Opcode Fetch 3 D" Q WAIT ) WAIT = Memov{ ;" <‘:/p% Not Ready BbIB0D BbIXODbI NepexodsT B Z—cocTosHue (monpocty oTkaioyalorcs). [pu aToM yephbisi user
ToTeTa] WR = CPU Write ] N N ¢ 5 =5 PC (sent to ) He dopmupyercs. Ytobul ucnpasuts aty HedopaboTky docTaToyHo “3a3emauTh” Bbixodsl K111 Improvement by Pruzak (U36A).
IORQ = CPU 1/0 Request 3 IOWR = /0 Write __| Active (low) If JORQ and WR PR T ex 4epe3 peauctopsl R’ conpotusaenuem nopsdka 1 KOm.
U8B 2 Request are both active (low). CSRAM = CPU RAM Read | CSRAM 9 I Provides a black level reference on the beginning
u12c 741574 — Translated: of each scanline, stabilizing TV color rendering. SYNC goes high during H/V sync pulses (opposite to SYNC).
741500 ﬁ u1iD Used to disable video output from U36 during sync pulses.
P—{BK » BK i It would be better if thi tipl fs 74LS157 instead of 74LS257; it has outputs set to Without this, some TVs will interpret the border
3 8 U5_UG_LOAD B g 0 af? BK = Vertical Border 741504 logv?guo, w:ic:czrrrlespo/:d;m:oI?hzleralcsk color, uplon arrival of the blarlvking pu?sgu(when color as the black level.
10 == >C _ls Bk logic 1 is applied to pin 15). In contrast, when a logic 1 is applied to pin 15 of 7415257, U36A
vee r2 @ the outputs go to the Z-state (disabled). In this case, the black color is not formed. When SYNC (active low) activates, all outputs of | 7S
U516, 10AD i To correct this defect, it is also sufficient to ground the outputs of a 74LS257 through U31 are forced to 0 (black). o 5 U11D
resistors with a resistance of about 1KQ. This state remains until the sync pulse has ended 3 >g q 741586 U11B
vee and H6 is high (32 pixels after sync pulse). [ - a [ RS = Vertical Sync [T 741586
) . vee I B SYNC 4
System RAM Address Select Screen RAM Address Select Unused Logic Jses e e e pusse T oron unti | aND 1 3 J 55 - Horizontat sync Y Ne . =
U29F U38D U37A 3 ¢ < 5 J) /
BK 74LS04 741532 o 74LSTH 741508 5 ve
vee vee vee 12 12 5 g |9 1 1KQ D4
- 13 2 11, baabe 3 U2s, U26 R3 vee ING148
BK = Vertical Border 33nF ULF u1s u19 uis & 13 o @ 18y 2 (0 inputs are passed through R10
741504 O 7415257 O 7415257 O 7415257 ! when border is being drawn. Pruzak recommends using a 74LS157 for U31. The ‘157 is a 1KQ
5 4 5 4 5 4 U1E u38B s} <~ " input J th h drop—in equivalent to the 257, the ogly difference between VID_Q1
o] —- | o -—H 10 oz —- 74LS04 741532 Inputs are passe roug the two being that the ‘157 transmits 0 on all outputs during
INT = Interrupt Request 3 :23 g z MA0 > 3 Iga g s U19_06 3 I1: g 2 M0 4 GND when screen is being drawn. sync pulses (as opposed to disabling outputs altogether). vee
(1/0 to CPU) @ @ " o . % This is required for the black level pulse to work. w11
5 7 5 7 GND
2 10b Zb 5 10b Zb U19.17 5 10b Zb ¢ 5 (0 (PAPER) inputs are passed ke e R14 R13 R12
11b 11b = 11b through when pin 1 (pixel data) 2 Q1 R9
10: AO-A3 vee s low JE IN3Q04 2KQ 1KQ 470Q 270
11: AB-A11 A4 Avd g
11 9 11 9 11 9 N 1
©l 10 10c Zc X 10¢ Zc —] U19_2L 10 10c Ze GND GND AttnbuteﬁM:ngory u25 (1 (INK) inputs are passed {—1{[vieo
ALO ¢ Hardwired to 0 (GND) ¢ 11c (5800—5AFF) o . pass
<~ veC Byte Contents O 74L5298 through when pin 1 is high. GND vcC
14 12 14 12 14 12
GND GND .: 1570 zd ) (V=5 1o¢ zd Uioen  LHE>—10d z Passed thraugh when drawing BORDER. Barder Calor 0 0a & Q|15 1BBLU INK/BORDER Blue { A o
11d Hardwired to 1 (VCC) 11d 11d Passed through when drawing SCREEN. INK Blue Bit | Data Bit 0 fram DRAM Ha > o INK/BORDER Red vee w
15, . 15, T = 1.75 MHz (1 —_ 15 Passed through when drawing BORDER. Barder Calor 1 10b Qb 14 1B_RED 2 N304
Hi = %‘75 MHZ OE o Outputs always 7achve‘ —»——ci [o]3 o = 1. z (Inverse) [HL n OE o Passed through when drawing SCREEN. INK Red Bit | Data Bit 1 fram DRAM 11b RN INK/BORDER Green U3t E >
Po er Su l Re ulation Fi[te”’n RAS = DRAM Row Access (Active High) -RAS S S H2 = 875 kHz -Hz S S RAS = DRAM(/E?%M\/IGA%C‘\ZEW‘; RAS S S Passed through when drawing BORDER. Border Calor 2 10c Qc 13 IB_GRN o 745157 0 :BLUE
W Passed through when drawing SCREEN. INK Green Bit | Data Bit 2 from DRAM 11c Blue Video Dat @ vcce
pp 'y’ g ’ g by @ © Passed through when drawing BORDER. Barder Calor 0 10d Qd 12 PB_BLU PAPER/BORDER Blue 2 0a & Za 4 ue £o Data R7
Passed through when drawing SCREEN. PAPER Blue Bit | Data Bit 3 from DRAM 11d 3 Ha =
vcce vcce vcce vcce vcce vcce vcce vcce U15, U16 v ~ g 680Q M
—— . PAPER/BORDER Red Red Video Data RED_TTL Q3
= GND GND GND GND 10 5 7 _ 1 2
RAS/RAS Inactive: Lower Half of Address Bus vee U14e vee BORDER = Border Active (when low) [BORDER Ty S o 5 10b Zb L 2N3904
RAS/RAS Active: Upper Half of Address Bus H2 = 875 kHz (8x slower than pixel clock) DCp 3 11b
3 2 < < 3 3 3 Inputs sent to DRAM when H1 is low. 74LS32 = RED
= = = u16 9 u17 o PAPER/BORDER Green 11| 10 7c |9 Green Video Data vee
o
9 § g § § § § § H1 9 7415257 9 7415257 10 ¢ E 28
u1G u2c u7c usc uoc U10E U11E U12E MountingHole_Pad 2 |, 9 4 (WA H2 = 875 kHz 521 10s @ 7o |4 BORDER s active (low) when " 1 Brightness Data 2 a0 "
741504 T4LST74 4520 T4LST74 T4LST74 741502 741586 741500 H2 3 o2 4 Za CMiAs U19_7H (W7 3 < -‘m either the horizontal or vertical GND Brightness Data (to U31) —=*1 |od Zd x 5 Qb
e . 11a I11a borders are active (low). ® 1314 -
2 a @ S S 2 2 8 MountingHole_Pad = 2N3904
fc] > fc] [c] c] c] c] H3 5 7 _
& — — — MountingHole_Pad 2 10b Zb ' 5 | %P Zb Sync/Black Level Pulse —L59 0 & 28|z - GREEN »
N ©| N N N " - 10: Ab—pT 11b Hardwired to 0 (GND) vee 11b vce 1l¢ 2 05 Roy @& 3
MountingHole_Pad 11: A2-A15 11 9 U15, U16 U17, U18, U19 11 9 Attribute Memory s zZ = INGL4B  3KQ E|E(E R15 R16 R17 R18
v v v v N N N N e e 1o o Ze (System RAM) (Screen RAM) ) [va>—5 1oe Ze (5800 5AFF) o Y% - g = © “ 2000 | | 2000 | | 2000 | | 2000
GND GND GND GND GND GND GND GND MountingHole_Pad e H1 Low HL High Wardwired to 1 (VCC) e Byte Contents o 7MS298 o o oz S . T
| x pu}
vee vee vee vee vee vee vee vee H6 14 12 RAS/RAS| [RAS/RAS| |RAS/RAS RAS/RAS Active 14 12 Paseed throvah when drawina BORDER Border Color 1 o 15 | @
. [A7> 10d Zd _-m -— 10d Zd assed through when drawing : arder Color 10a O Qa
MountingHole_Pad 13| 14q Inactive | | Active Inactive | [ H2 Low | [ H2 High Hardwired to 0 (GND) 13 {114 Passed through when drawing SCREEN. PAPER Red Bit | Data Bit 4 fram DRAM 1a > GND 1NLD¢?48 ;fg o o NS NS
A A H7 In_| Out In_| Out In_| Out In_| Out In_| Out Passed through when drawing BORDER. Barder Calor 2 10b Qb L4 Pixel Data (to U31)
3 3 3 T - - 3 3 MountingHole_Pad WL = 175 MHz [L 154 o o A0 [ MAO A8 [ MAO H3 | MAO VO | MAQ V6 | MAO AT = 1.75 MHz (Inverse) 1 )>-15d of - Passed through when drawing SCREEN. PAPER Green Bit | Data Bit 5 from DRAM 11b U370 ¢ IQ 1 .
[3] = RAS = DRAM Row Access (Active High) 1lg =z AL | MAL A9 | MAL HA | MAL Vi { MAL V7 { MAL RAS = DRAM Row Access (Active High) RAS>—L1 g =z Passed through when drawing BORDER. Hardwired to 0 (GND) 10¢c Qc L3 Each 8x8 color grid Color Monochrome
S S ¢ S S S S o © A2 [MA2| [AL0[MA2| | H5 | MA2| | V2 | MA2| | O |MA2 © Passed through when drawing SCREEN BRIGHT Bit | Data Bit 6 fram DRAM Me 741508 UL1A sector has 2 colors - P
> > = > > > > > GND g . FL_MODE FLASH On/Off 1> Pixel Data Invert 741586 D7 R26 (switched between by 2 £ = £
U13E U14E U296 U340 U356 u3sC U37E U3sE ol AS | MAS| |A11IMAS] | H6 | MAS] | V6 |MAS] | 4 |MAS o Passed through when drawing BORDER. Hardwired to 0 (GND) 10d ad F2—FL N {FLASH) 5 UT1A). 2l e = | 5] =
A4 [ MA4| [ A121 MA4| | H7 I MA4] | V7 [MA4] | 1 I MA4 Passed through when drawing SCREEN FLASH Bt | Data Bit 7 fram DRAM 11d 11 FLouT 1 INGL4E 3K $l8lole| 38| |5|5l<|el3 8
741508 741532 THSO4 | | 74LS10 4049 P T N R I R 7415257 Functionallty A5 [MA5| [A13|MA5| [V3 [WA5| [0 |mA5| [0 (A5 < . T CIR_FLASH Timing 43 Both of these colors  |<|S|€|Z|&8]| [|5|E|5|&S
o o - " [Fcic)(HASH Timing 55/ / N T i T £ £
3 3 3 3 ¢ 3 3 3 . —————— . . GND A6 | MAG[ | A4] MAG V4 | MAG 1 |MAG 1 |MAG GND GND BORDER = Border Active (when low) | [BORDER >—24 s o INFV (z‘;;l B?f;; 2 can be 5““‘;““ from ofofo]o ofofo]o
Pin 15 (Qutput Enable) Low: Outputs Active A7 |MA7 A15 | MA7 V5 | MA7 0 |MA7 0 |MA7 _ N 11 a palette of 8 colors
™ Pin 15 (Output Enable) High: Outputs Disabled 0 1 /0 0/ Ty H2 = 875 kHz (8x slower than pixel clock) PCe 3 (shades of gray if ofof0 ofofo
™ ™ ™ ™ @ ™ ™ X/ / z using composite video). |0[0]-1|0 ofojjo
Pin 1 (Select) Low: (0 Inputs Acti U15/U16 inputs sent f - - ~ | ofo0 0]0
Pin © (SEiec b B T to GRAM wnen i x| | V17/VLD it s to ORAN BT Soraes W el orou bf St otgtinese (SOOI (o1 010
low. - isabled when border is being drawn. bit sets the brightness
oo oo oo o o o o oo e GND GND If brightness is set to 0, the RGB signal voltage :ﬁl’oe?rfh ::f;o't'om of g e 0 g e 0
+9V T levels will be reduced, darkening the colors. 16 :lologrs (although 0 0
. - - - - - - N . f P f two of them are the
If brightness is set to 1, the intensity output will ofofo ofofo
9V_UNSWITCHED 7415298 Functionallty 7415157 Functionallt In the original schematic, D2, D3 and Rk have no influence on the RGB signal levels. same shade of black). oo oo
y H .
c21 c22 c23 C24 c26 c27 c2s c25 function 65748 diode AND gate. I've replaced Some schematics recommend 6800 resistors for Normal and bright o] |0 o] |0
i . i R h ith .
< w| ol O-LkF O-LkF 0-Luf 0-Luf 0-Luf 0-Luf 0-LuF 0-LuF Pin 10 (Select) Low: (0 Inputs Active Pin 15 (Qutput Enable) Low: Outputs Active them with o 708 to reduce componer}t ot R24—R26, but 3KQ resistors result in colors more colors cannot be 0 0
Pin 10 (Select) High: 1 Inputs Active Hutput =nable P The output is high if U26 pin 12 and FL_CLK rs. combined within the
: Pin 15 (Output Enable) High: Outputs Forced To O are both high. accurate to the original Spectrum. ome B8 sector g 0 g 0
hd hd hd hd hd hd hd Outputs are synchronized with pin 11 :
v $ (connected to H2). They will only update Pin 1 (Select) Low: (0 Inputs Active FL_CLK switches every 32 frames. ~ - n Border brightness is 0 0
(i f H2. Pil { High: 11 Inputs Acti 1. , Inverts INFV if U26 pin 12 and FL_CLK are both high. f
Swit PWR_FLAG u39 vce on the falling edge of H2 in 1 (Setect) Highs 11 Inputs Active (Approx. 1.56Hz/every 0.64 seconds) Otherwise, passes INFV signal through unchanged. hardwired to 0.
Power GND
. T TSR_1-2450 T
1]y 3 o h . . . . . . .
m 02 T Vin o Vout
Power 1N4007 ciL 4 2 L, 12 c13 c14 c15 c16 17 c18 c19 20
L OV IACK ) 10uF 16V T o T 10uF 16V T 0.LuF T 0.LuF T 0.LuF T 0.LuF T 0.LuF T 0.LuF T 0.LuF 0.LuF DD29/DD41L in the original schematic (2764) are substituted with a 27128 (U24)
; Original circuit by Sergey Zonov (ZS Research, 1988) — This schematic adapted from
v . v v v v v v v v v ZAN’s schematic (sblive.narod.ru) — Circuit improvements by Sergey Bagan (a.k.a. Pruzak)
7805 compatible (szyte ru)
<> .
PWR_FLAG GND QLEX tJ./I_owry (alex—j—lowry.github.io)
eet:
File: Leningrad—1.kicad_sch
The PWR_FLAG labels have no effect on the circuit; they are only present | recommend using a switching 7805 replacement for U39. Switching regulators such as ;
to signal to the KiCad error checker where the power lines are. the TSR 1-2450 don't require a heatsink and generate a voltage much closer to 5.0V. Title: Lenlngrad—M (48K ZX Spectrum Clone)
Size: User [ Date: 2025-04-14 Rev: 2
KiCad E.D.A. 9.0.0 Id: 1/1
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